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NOTES FOR INTENDING CONTRIBUTORS 

Articles submitted for publication in International Biodeterioration must report original research in bio
deterioration, i.e. deterioration of materials, artefacts or facilities of economic importance by living orga
nisms, including microorganisms, insects, rodents, birds, higher plants, etc. Articles on biodegradation, 
i.e. conversion of materials to less objectionable, more easily disposable, or higher value products by living 
organisms will also be considered. 

Review articles on these subjects may also be submitted, but are normally invited by the Editor. 

Two copies of each paper, including an abstract, which must be in English and must not have been pub
lished or accepted for publication elsewhere, should be sent to: 

Dr. H.O.W. Eggins, 
Bioquest Ltd., 
St. Peter's College, 
College Road, 
Saltley, 
Birmingham B8 3TE, UK. 

Papers will normally be published in order of their receipt in definitive form. 

All articles will be submitted by the Editor to one or more independent referees for advice on their clarity, 
originality, and general suitability for publication, but the final decision whether or not to publish an 
article rests with the Editor. If articles are rejected, the substance of the referee's report will usually be 
communicated to the author and in suitable cases the Editor will be pleased to help authors to improve 
their papers with a view to possible publication. 

A current issue of International Biodeterioration should be studied before a manuscript is submitted, so 
as to ascertain the style adopted by the journal, especially for references, bibliography and section headings. 

Papers should be typewritten, with double spacing, on one side only of A4 (21 x 29.5 em) paper with a 
margin of at least 2.5 em at the top, bottom and sides. 

Tables should be reduced to the simplest form and should not be used where text or illustrations give the 
same information. Omit vertical rules. Tables should be submitted on separate sheets at the end of the 

article. 

Illustrations: submit originals of all line drawings. Letters and captions should not be marked in; these 
should be shown on a photocopy or overlay so that they can be set by the printer. 

Names of organisms should follow accepted checklists wherever possible, and must conform to the most 
recent appropriate International Code of Nomenclature. It is recommended that authors check with appro
priate specialists that they are using the correct scientific names for organisms mentioned in their papers. 
Where living cultures used have not already been obtained from a major public culture collection, represen
tative isolates of the strains used should be deposited in such a collection (e.g. the Commonwealth Mycolo
gical Institute in the case of fungi) to ensure their continued availability to future workers. 

Manuscripts chosen to be refereed, but which do not conform to journal presentation, will be returned 
to the author for modification. 



COMMONWEALTH MYCOLOGICAL INSTITUTE (CMI) 

CMI, an Institute of C·A·B International, is the largest organization for systematic mycology in 
the world. With over 70 staff, including more than twenty post-doctoral specialists, we offer a 
wide and expanding range of services on a world-wide basis for biotechnology, biodeterioration, 
industry, science, education, medicine and agriculture. 

Our range of services includes: 
The Identification Service for rapid identification of fungi from cultures and specimens of spoiled 
materials. CMI's specialist taxonomists handle over 9000 identifications each year from world
wide sources. The Information Services have on-line access to CAB ABSTRACTS and BIOSIS 
and are able to offer specialized bibliographies and contract studies in mycology, biotechnology 
and biodeterioration. 

A wide variety of Training is available at CMI, from one-day specialist short courses on applied 
biotechnological subjects to six-week training courses on fungal identification. Custom-designed 
training for industrial staff can be arranged, including culture preservation and maintenance, 
culture collection management, microbiological testing of materials and isolation and 
identification of groups of fungi and plant pathogenic bacteria. As an Associated Institution of the 
University of Reading we are able to provide training to higher degree levels. Overseas courses 
(Chile, Egypt, Kenya and Malaysia in 1984-5, India, Kenya and China planned for 1986-7) are 
held on a regular basis. 

The Culture Collection of CMI holds over 11,000 isolates including the UK National Collection of 
Fungus Cultures and is an International Depositary Authority for Patent Cultures under the 
Budapest Treaty (1977). New and interesting isolates of micro fungi are actively sought, especially 
ones of industrial and biotechnological significance. A full catalogue is published and details of 
the entire collection are held on the in-house Culture Collection and Industrial Services 
computerised database which includes an expanding metabolic index of selected strains, plus 
preservation and maintenance data on all isolates held in the collection. This database forms 
CMI's contribution to MINE (Microbial Information Network for Europe), the European 
integrated culture collection catalogue project, for which we are the node for UK culture 
collections. 

Industrial Services, which incorporates the Biodeterioration Centre, offers contract research, 
investigations and consultancy in mycology, biotechnology and biodeterioration. We have close 
links with other institutions including the Centraalbureau voor Schimmelcultures in the 
Netherlands, and can offer services involving insects, algae, birds, rodents and marine organisms 
as well as fungi, bacteria and lichens. 

Our Industrial Laboratory is accredited under the National Testing Laboratory Accreditation 
Scheme (NATLAS) plus industrial schemes such as that of Austin-Rover, and offers microbial 
testing of materials to a wide range of national and international standards, including work on the 
biological testing of electrical, automotive, aeronautical and building materials and components. 
All work is carried out on a confidential basis and we welcome enquiries. 

Detailed brochures on all CMI services and publications are available on request. 

Contact: 
Dr Dennis Allsopp 
Head of Industrial Services Division 
Commonwealth Mycological Institute 
Ferry Lane, Kew, Surrey TW9 3AF. UK 

Tel: National (01) 940 4086 
(Message service available out of office hours) 
International + 44 1940 4086 
Telex: 847964 COMA GOG 
Telecom Gold: DIALCOM: 84:CAU009 



BIOQUEST LIMITED 
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Bioquest Limited, the owner of the title of this journal and of its predecessor journals 'International Biodeterioration Bulle· 
tin', 'Biodeterioration Research Titles', and 'Waste Materials Biodegradation Research Titles', is a consortium of consultants 
qualified and experienced in industrial biology, especially biodeterioration and biodegradation. 

The Company occupies laboratories at StPeter's College, Birmingham, the premises of the former Biodeterioration Centre of 
the University of Aston. Dr Eggins, previously the Director of the Biodeterioration Centre, is a director of Bioquest Ltd, 
with Dr Hopton. 

Pragmatic and commercially viable consulting is offered in association with Bioburden Control Limited, of which Dr R. Neil 
Smith is executive director. 

The following client services are undertaken: 
Biological advisory and consultancy - covering problem diagnosis, defining assignments and targets, implementation of con
clusions. Confidentiality can be assured by disclosure only to a named director and named consultant and associated staff. 
Contract research and testing - where the company's own facilities are unsuitable clients will be advised on the placing of 
work in the best available hands, the project supervised and the results analysed and implemented. Advice will also be given 
on standard tests. 
Training courses and conferences large or small can be arranged and conducted using the Company's own accommodation. 
Recruitment and selection of scientific research and management personnel. 
Production of scientific and promotional films. 

The expertise of the consortium of consultants of Bioquest Ltd and Bioburden Control Ltd. range widely to support the 
above services - right across the life sciences - and are not confined to the microbial sciences, although bacteriology and 
mycology are important areas of the companies' works. Specific expertise of the consortium includes: moisture levels related 
to the growth of fungi; the microbiology of grain storage problems; general biodeterioration problems, especially the fungal 
damage of materials; the microbiology of waters and oils, paint, plastics, packaging and electrical equipment; the growth 
survival and destruction of microorganisms; insect infestation control; pesticide protocols; termite and rodent tests; environ
mental impact of biotechnology; pollution and natural resource management; microorganisms in food production and proces
sing; microbiological safety of food produced in cooking appliances; technical training in food microbiology; clean room 
validation, scanning electron microscopy, Legion ella tests, Ames tests, OECD tests for biodegradability. 

For further details please contact: 

Dr. H.O.W. Eggins 
Bioquest Ltd., 
St. Peter's College, College Rd., 
Saltley, Birmingham B8 3TE, UK 
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Tel: 021-328-5950 
also 0562-884171 (outside working hours) 

READERS' GUIDE 

ABSTRACT SECTION 

(a) Titles. Titles are given in the original language if a Latin alphabet is used. Russian and Greek titles 
are given in standard translations for whole publications. English translations are given in square 
brackets. 

(b) Language Symbols. The language symbols used are listed below. An initial capital letter denotes the 
main language of a paper, a small letter the language of the summary (ies). 

Af Afrikaans Eo Esperanto My Malay/ 
Al Albanian Es Spanish Mahasamalaysia 
Ar Arabic Fi Finnish Nl Dutch, Flemish 
Az Azerbaijan( i)/ Azerbaidzhani/ Fr French No Norwegian 

Azerbaidzhanian Gr Greek Pe Persian 
Be Belorussian Hu Hungarian Pt Portuguese 
Bg Bulgarian Ia In terlingua Ro Romanian 
Ch Chinese In Indonesian Ru Russian 
Cr Croat It Italian Sk Slovak 
Cs Czech Ja Japanese Sn Slovene 
Da Danish La Latin Sr Serbian 
De German Li Lithuanian Sv Swedish 
Ee Estonian Lv Latvian Ta Tajik/Tadzhik 
En English Ma Macedonian Tr Turkish 

Uk Ukrainian 



Notice to Readers of 

INTERNATIONAL BIODETERIORATION 

This title has been published each quarter over the period 1984-1986. However, 
the contract between CAB International (CAB!) and Bioquest Ltd, the partners 
in this enterprise, has not been renewed for 1987. 

As a continuing service to the biodeterioration community, from 1987 the material 
published up to now in International Biodeterioration will continue to appear as 
follows:-

CAB! will publish a quarterly abstracts journal under the title Biodeterioration 
Abstracts, the first issue appearing in March, 1987. The new journal will match 
in content and design the abstracts section of International Biodeterioration, and 
will also contain occasional review articles. 

The journal International Biodeterioration will be published by Elsevier Applied 
Science Publishers Ltd. under the editorship of H. 0. W. Eggins, B. Flannigan, 
C. E. O'Rear and H. W. Rossmoore, and will be the official organ of the Rio
deterioration Society and the Pan-American Biodeterioration Society. In its new 
format, International Biodeterioration will contain original research articles, re
views and society news as presently carried in the Bulletin section of the current 
journal. 



GA·B INTERNATIONAL - Member Countries 

Residents in countries which are currently members of C·A- B International (countries 
listed below) are entitled to special rates for some CAB information products. 

For further information contact Central Sales (address inside back cover). 
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Document Delivery Service 
We can supply photocopies of most items abstracted in our journals. Please note that copyright regulations prohibit the photocopying of entire 
publications (e.g. books), although these may be available by special arrangement. 

Chargeg.(including first class/airmail delivery): £3.00/US$5.00 per item of up to 10 pages, plus £0.30/US$0.50 per additional page. Orders should 
be prepaid (in£ or$) to avoid delay; frequent users of the service should enquire about our deposit account scheme. 

All requests must be made in the following form: 

Please supply the undersigned with a copy of the following item: 
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SPECIAL NEWS FEATURE 

The Seventh International 
Biodeterioration Symposium 

The Seventh International Biodeter
ioration Symposium will take place 
at Emmanuel College, Cambridge, U.K., 
from 6-11 September 1987. The 
Symposium will be co-chaired by 
Dr Howard Eggins and Dr Neil Smith, 
and the scientific programme will cover 
all aspects of the biodeterioration of 
materials of economic importance, and 
the biodegradation of solid wastes and 
effluents. 

Topic Areas 
1) Biodctcrioration mechanisms 
2) Non·trophic biodeterioration and 

biofilms 
3) Rapid test methods 
4) Computers in biodeterioration 

studies 
5) Biocides, mechanism of action 
6) Physical control methods 
7) Biodegradation of solid wastes and 

effluents 
8) Post-harvest decay, mycotoxins 
9) Biodeteriogens - microbes, insects, 

rodents, birds etc. 
10) Trophic biodeterioration 

Materials 
Timber and cellulosics, metals, paints, 

concrete and stone, hydrocarbons, solid 
and liquid wastes, museum and archive 
mat~rials, leather, rubber, plastics, 

recalcitrants, packaging materials, 
cosmetics and pharmaceuticals, marine 
structures etc. 

To date, a series of review and invited 
papers by outstanding workers has been 
organised in each topic area, whilst 
offered papers and posters are still being 
accepted. All papers will be referred by 
session chairmen and acceptable papers 
will be published in the Proceedings of 
the Symposium. The deadline for 
submission of texts for publication is 15 
June 1987. 

Emmanuel College, Cambridge, U.K. 
The Symposium will be held at 

Emmanuel College, Cambridge, with 
topic sessions being held in the 
Engineering Department. Accommoda
tion is available at Emmanuel and in 
Hotels in and around Cambridge. 

Emmanuel College was founded in 
1584 by Sir Walter Mildmay, for many 
years Chancellor of the Exchequer to 
Queen Elizabeth I. The College was to 
be a "school of prophets" and its twelve 
original Fellows were to go out into the 
world as pastors and preachers. 
Mildmay chose the site of the ruined 
Cambridge priory of the Dominicans to 
establish Emmanuel College. The 
Dominican church became the hall, the 
buttery, and the Fellows parlour, with 
the Masters Lodge above. At right 
angles to this range were the kitchen and 
the college chapel (now the Old 
Library). To the east and south-east lay 

the Masters and Fellows gardens, and 
the Paddock with its great pond. The 
original buildings have been extensively 
altered in the course of four centuries 
but their general aspect, together with 
the beautiful gardens, is still the same as 
it was in 1690. Cambridge in 
Massachusetts was named in compli
ment to an Emmanuel preacher, 
Thomas Shepherd; another John 
Harvard, gave his name to the first 
American University. 

Today's wide diversification of 
academic studi.es took its first impetus in 
the mid-nineteenth century and the 
College is now governed by some fifty or 
so Fellows, with 400 undergraduate and 
100 postgraduate students. The College 
boasts three Nobel prizewinners (Sir 
F. Gowland Hopkins, Professor 
R.G.W. Norrish, and Sir George 
Porter) who have enhanced its fame in 
the natural sciences. 

For further details of the Seventh 
International Biodeterioration Sympo
sium please contact: 
Mrs Christine Gaylarde, Secretary, 
Local Organising Committee, 
Department of Biological Sciences, 
City of London Polytechnic, 
Old Castle Street, 
London El 7NT 
U.K. 
Tel: 01-2831030 
Telex: 8812073 

ANNUAL GENERAL MEETING OF THE 
BIODETERIORATION SOCIETY 

Honorary Secretary's Report 
1985/86 

I have pleasure in presenting my fifth 
report. This year sees for the first time an 
election for vacancies on Council. The 
latter has met three times during the past 
year and has been well attended. 
Council has appointed Miss D. Band to 
be the Membership Secretary. This 
appointment has seen a marked increase 
in new members. It has also resulted in 
the membership list being updated and 

people have been contacted to see if they 
still wish to be members. 

The Society has published its first 
Proceedings of a Summer Meeting -
"The Biodeterioration & Biodegrada
tion of Plastics & Polymers". A 
Publications Subcommittee has now 
been appointed by Council and Dr 
Eggins is the chairman. The second 
Proceedings is due out shortly. This is on 
the meeting held at the University of 
Surrey in March on 'Mycotoxins and 
Spoilage of Stored Products'. 

277 

Council is very pleased that this year's 
summer scientific meeting is being held 
in Delft. We arc very grateful for Dr de 
Kreuk ofTNO for hosting this meeting. 

Following last year's AGM, Council 
was asked to look into Corporate 
Membership. Council has recom
mended that the fee be £50 per annum 
and this will allow up to 5 members to be 
represented. Companies having corpo· 
rate membership will be acknowledged. 

The changes which are occurring 
within the Society, i.e. disbanding of the 

~ ··-·-----• 
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Standing Committee of International 
Biodeterioration Symposia, the forma
tion of the International Biodeteriora
tion Association, corporate member· 
ship, the appointment of a membership 
secretary and a publicity officer etc 
reflect the healthy state of the Society. 
However, these changes will mean that 
the constitution will have to be 

amended. Council is looking into this 
and it is hoped that Council's 
recommendations will be available for 
discussion for the next annual general 
meeting which will be held during the 7th 
International Biodeterioration Sympo
sium. This is being held at Cambridge 
University, England, in September 
1987. Society members will be entitled to 

THE BIODETERIORATION SOCIETY 

Receipts and Payments Account for the year ended 31st March 1986 

Cash at Bank 1st Apri11985 
National Westminster Bank Pic- Current Account 
National Westminster Bank Pic-Deposit Account 
Standing Committee for International Symposia
National Westminster Bank Pic- Deposit Account and 
National Savings Bank Investment Account 

Receipts 
Subscriptions Received 
Publications 
Society Tie Sales 

University of Surrey Symposium-March 1986 
Registration and Accommodation Receipts 
Less Deposit only paid on accommodation 

Royalties 

Bank Interest Received 
National Westminster Bank plc 
National Savings Bank- Investment Account 

Payments 
Contribution to Commonwealth Agricultural Bureau 
for Biodeterioration Symposium Proceedings 
Secretarial and Clerical Costs-Symposium 
Publicity, Postages and Secretarial Expenses 
S.C.I.B.S. Secretarial Expenses 
Committee Expenses 
Printing Memorial Book 
Biological Council Subscriptions 
Biological Council Handbook 
Conference Badges 
Accountancy and Audit to 31st March 1985 
Bank Charges 

CashatBank31stMarch 1986 
National Westminster Bank pic. 

Current Account- Penistone, Sheffield Branch 
Current Account (Meetings)- Penistone, Sheffield Branch 
Current Account- Welwyn Garden City Branch 
Deposit Account- Penis tone, Sheffield Branch 
Deposit Account-Welwyn Garden City Branch 
National Savings Bank- Investment Account 

Report ofthe Auditor to the Members of the Biodeterioration Society 
Prepared from the books, accounts and records and certified in accordance therewith. 

Grove House, 
1 Grove Place, 
BedfordMK403JJ 

Bulletin News Items 

a reduced registration fee and so it is 
hoped that we will see as many members 
as possible at the Symposium. 

I would like to thank members of the 
Council for their help and my special 
thanks go to the President, Dr Morton. 

MrsJ.M.Maw 
Honorary Secretary 

£ 

2,125.78 
2,688.21 

20,591.71 

2,289.25 
100.00 

514.90 
1,690,96 

177.45 
1,777.93 

742.53 
1,972.89 

500.00 
16,990.96 

£ 

25,405,70 

5114.00 
45.00 
3.50 

2,189.25 
280.31 

2,205.86 

30,643.62 

7,000.00 
297.21 
331.55 

19.94 
564.57 
103.50 
20.00 
34.40 

6.00 
80.00 
24.69 

22,161 .. 76 

30,643.62 
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Honorary Treasurer's Report 
1985-86 

It is with great pleasure that I present 
the audited Receipts and Payments 
Account for acceptance by the 
members. 

The Society continues to be in a sound 
financial position. Its reserves, as a result 
of the successful previous symposium, 
will enable the next symposium in 1987 
to be adequately funded, 

I should like to draw to the attention 
of members a number of developments 
which have occurred during my first term 
of office, and which are of relevance to 
this report. 

The Standing Committee for Interna
tional Symposia (SCIBS) is now 
disbanded. The accounts managed by 
this committee have now been brought 
into the main Society accounts and now 
come directly under my management. 
Most of the residue has been placed in a 
National Savings Bank Investment 
Account. 

The post of Membership Secretary has 
been created in order to improve 
efficiency in handling memberships and 
processing subscriptions. The removal 
of this important task from the shoulders 
of the Treasurer has already proved 
itself by bringing subscription income up 
to d·ate and ensuring the membership list 
is accurate. 

I have re-initiated a self-financing and 
accounting system for our scientific 
meetings to ensure that the drain on the 
Society's financial resources is mini
mised. The autumn and spring meetings 
have both run at break-even overall, and 
I thank local organisers for their help in 
this respect. The system will also enable 
the identification and monitoring of 
meetings' expenditure and income. 

The Society has adopted a policy of 
publishing the proceedings of its 
scientific meetings, and selling them to 
both members and non-members. 
Printing costs are kept to a minimum by 
using camera-ready copy and a loose leaf 
spiral ·binder with soft covers. This 
enables production of the proceedings 
within three months of the meeting. The 
first publication print run of 75 copies 
from the autumn meeing has been 
completely sold out, mkaing a surplus 
over costs. Orders for the spring meeting 
have already ensured that costs will be at 
least covered. 

The local organising committee for 
the Seventh International Symposium is 
now functioning, and figures from its 
accounts appear in the main account 
(identified as a current and deposit 
account- Welwyn Garden City Branch). 

Costs incurred in the production ohhC 
Sixth International Symposium appear 
in the accounts. There are still some 

outstanding bills for editing and clerical 
services, but the reserves are now being 
deployed by the local organising 
committee for the preparation of the 
next symposium. 

Our running costs continue to rise, 
mainly because we have had to become 
less dependent on the ability of Council 
members' own organisations to support 
clerical services etc. In order for the 
Society to continue to function in this 
situation and indeed to improve its 
efficiency and services to members 
Council is recommending that annual 
subscriptions be increased with effect 
from 1st April1987 as follows: 

Programme Secretary's Report 
1985/86 

Two extremely successful meetings 
were held during the year. Dr Seal 
organised a meeting on "Biodeteriora
tion of Plastics", which was held at 
Cranfield Institute of Technology on 
September 12th and 13th. This was 
attended by 73 people. 

On March 20th and 21st, 1986, a 
meeting on "Spoilage of Cereals and 
other stored Products" was held at 
Surrey University and was attended by 
67 delegates. Dr Flannigan organised 

the scientific programme and Dr. Moss 
acted as local organiser, liasing with the 

Second report of the Publicity 
Officer 1985/86 

This past year has been extremely 
busy in terms of publicity for the Society, 
with the scientific meetings at Guildford 
and at Delft and the considerable 
publicity for the 7th International 
Symposium. There is still evidence to 
suggest that this effort results in 
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UK members - from £5.50 (£4.50) to 
£8.00 (£7 .00) 
Overseas members- from £3.50 to £4.50 
Overseas members- 3 year subscription 
-from£!0.00to £12.00 
Note: amounts in parenthesis refer to 
subscription paid through Banker's 
Order. 

Finally, on behalf of the Society, I 
should like to thank our Auditor - Mr 
J .H. Briggs- for transforming my books 
into an ordered and meaningful 
statement, and to recommend his 
appointment for 1986/87. 
K.J. Seal 
Honorary Treasurer 

Programme Secretary on domestic 
matters. 

The success of these meetings was 
largely due to the excellent organisation 
and my thanks go to all concerned. 

In the coming year there will be two 
meetings. September 18th and 19th sees 
the Society's first essay in continental 
Europe with the meeting on "Biodeter
ioration of Constructional Materials" in 
Delft, Holland. On April 13th and 14th, 
1987, a meeting on "Rapid Methods in 
Biodeterioration" will be held at South 
Bank Polytechnic in London. 

Christine Gaylarde 
Programme secretary 
Sept. 1986 

increased attendance at the scientific 
meetings. In terms of publicity for the 
Symposium, approximately 4000 First 
Circulars have been distributed 
worldwide. 

I must thank meeting organisers and 
other colleagues who supply me with 
publicity information. 

Dr John Mills, Publicity Officer 
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Biodeterioration Society Publi
cations 

The Proceedings of the Spring 
Meeting of the Biodeterioration Society 
on "Spoilage and Mycotoxins of Cereal"" 
and other Stored Products" is now 
available from the Society at a cost of £20 
'in the U.K (reduced cost of £15 to 
Society members who attended the 
meeting). For mainland Europe there is 
an additional charge for postage and 
packing of £2 and for the U ,S.A. and 
Canada of £4. The contents of the 
Proceedings fall under the headings 
"Pests, Microorganisms. Mycotoxins 
and Techniques" and include 21 original 
papers, 

Copies of the Proceedings may be 
obtained by sending a cheque, bank 
draft or money order (in Sterling) made 
payable to the "Biodeterioration 
Society" to: 

Dr Brian Flannigan 
Heriot-Watt University 
Chambers Street 
Edinburgh EHllHX, UK. 

Reference Works 

Proceedings of the Argentine-USA 
Workshop of Biodeterioration (April 
1985). Published by Aquatec Qufmica 
S.A., PO Box (01000) 4885, Sao Paulo, 
Brazil. 

International Workshop on Biodeter
ioration of Ancient stone-work (Novem
ber 1985), For details please contact 
Professor Deshpande, The Government 
College of Arts and Science, Kile Ark, 
Aurangabad-431, 001 (M.S.), India, 

International Commission on the 
taxonomy of fungi (ICTF): name 
changes in fungi of microbiological, 
industrial and medical importance. Part 
1. Microbiological Sciences Volume 3, 
Number6, 168-171 (1986). 

Forthcoming Meetings 

Recent Advances in the Management of· 
Hazardous and Toxic Wastes in the 
Process Industries. Vienna, 8-13 
March, 1987, For details please contact: 
The Secretariat, International Congress, 
30 Deane Way, Ruislip, Middlesex HA4 
8SX,UK. 

NEWS ITEMS 

Symposium on Pest Control in Stored 
Products. University of Reading, 
Berkshire, 25-27 March 1987. For 
details please contact: The Conference 
Secretary, British Crop Protection 
Council, 20 Bridport Road, Thornton 
Heath, Surrey CR4 7QG, UK. 

Symposium on Improving Plant 
Protection through Education and 
Training. University of Reading, 
Berkshire, 15-17 July 1987. For details 
of this meeting please contact Mrs R.A. 
Bishop, British Crop Protection 
Council, 20 Bridport Road, Thornton 
Heath, SurreyCR4 7QC, UK. 

Scottish Biotechnology and its impacts. 
Symposium organised by the Scottish 
branch of the Society for General 
Microbiology. 23-24 September 1987, 
University of Strathclyde. Sessions 
include Yeast and Food Biotechnology, 
Medical Biotechnology, Environmental 
and Waste Biotechnology and Technol
ogy Transfer. 

Pan American Biodeterioration 
Society 

PABS recently held its first Annual 
Scientific Meeting in Washington, D.C. 
The meeting attracted 52 participants 
with 37 scientific papers. The co
chairmen, Drs. O'Rear and Llewelyn 
are now hard at work in preparing the 
Proceedings of the meeting. For further 
infonnation please contact: 

Dr Charles O'Rear 
Department of forensic Science 
The George Washington University 
Washington DC20052, USA. 
or 

Dr Gerald C. Llewelyn 
Bureau of Toxic Substances Information 
Virginia Department of Health 
109 Governor Street, Room 918 
Richmond, VA23219, USA. 

Bulletin News Items 

Future News Items 

The Biodeterioration Society News 
Items Editor will be pleased to receive 
items of news concerning any aspect of 
Biodeterioration or Biodegradation, 
including notices of forthcoming 
meetings. Please contact: 

Dr John Mills 
Department ofBiological Sciences 
Sheffield City Polytechnic 
Pond Street 
Sheffield SIIWB, UK. 



THE METABOLISM OF YEASTS AND FILAMENTOUS FUNGI 
WHICH DEGRADE HYDROCARBON FUELS 

N.D. LINDLEY1
, JOANNA F. PEDLEY', S. P. KAY3 and M. T. HEYDEMAN3 

Abstract: Fungal species isolated from tanks from which fuel is displaced by seawater, attacked only the 
aliphatic fraction of marine diesel fuels, with the notable exception of the yeast Candida tenuis Diddens 
& Ladder which metabolized the whole range of fuel hydrocarbons. The n-alkanes of relatively short 
chain-length were removed first, and then progressively longer n-alkanes. After removal of all 11-

alkancs. methyl-alkanes were eXploited but only relatively slowly. During growth all species produced 
surface active agents. Filamentous fungi relea£ed such compounds (phospholipids and fatty acids) 
throughout growth on both hydrocarbon and glucose substrates, but yeasts did so only in the early 
exponential growth phase of cultures in which the substrate was insoluble hydrocarbons. From growth 
data, it seems that hydrocarbon utilization by yeasts involves a high degree of metabolic specialization, 
whilst for filamentous species hydrocarbon metabolism should rather be viewed as fortuitous and non
specialized, perhaps explaining the extremely poor growth yields obtained for these species on energy
rich hydrocarbon substrates. 

Introduction 

Microbial contamination of fuel tanks and the resultant restriction of fuel supply to engines has caused operational problems in 
a variety of situations for many years (Parberry 1971, Neihof eta/. 1981, Houghton & Hill 1983). This phenomenon was first 
reported in relation to aircraft fuel tanks (Zobrell1946) and is currently a serious problem for gas-turbine-powered ships in which 
fuel is displaced from the tanks by seawater to maintain a constant ballast. The nature of the contaminating population has been 
shown to be predominantly fungal, including both yeasts and filamentous species (Neihof & May 1982, Lindley & Heydeman 
1985a). Successful prevention of fungal contamination within such fuel tanks is still not possible and it is evident that further 
progress depends on an increased knowledge of the fuel-fungus inter-relationship. 

This paper describes the growth of fungi often found as contaminants, and certain characteristics common to groups of 
organisms identified. The important role of extracellular biosurfactants was examined and found to be fundamentally different for 
yeasts and filamentous fungi, as were other aspects of hydrocarbon utilization. 

Materials and Methods 

Organisms 
The fungi used in this study were a variety of yeasts (Yarrowia lipolytica (Wickerham eta/.) Vander Waltz & Arc, Candida guil/iermondii 

(Castell.) Langeron & Guerra and Candida temtis, Diddens & Lodder) and filamentous fungi (Aspergillus versicolour (Vuill.) Tiraboschi, 
Cladosporium resinae (Lindau) deVries, Gliocladium virens J.H. Miller, Giddens & Foster, Pellicillium chrysogemun Thorn and Penicillium 
roquefortii Thorn) isolated from contaminated water bottom samples taken from ships' fuel tanks (Lindley 1984), identified by conventional 
taxonomic methods, and confirmed by Commonwealth Myco{ogicaflnstitute. The identification of the yeast Candida tenuis was not definite, this 
isolate having previ~usly been identified as C. famata (Harrison) Meyer & Yarrow (a Torulopsis-type yeast). 

Cultivation 
Growth was in shake-flasks at 30°C using the mineral medium of Turner et al. (1980): N~N03 6g; KH2P04 12.5 g: Na2HP04 .12H20 2.9g; 

MgS04 .7H20 0.2g: CaCI2.6H20 30mg; FeCli.6H20 Smg: trace element solution lml; glass distilled water to I litre. The trace element solution 
contained ZnS04 .7H20 100mg; CuS04.5H20 lOOmg; MnS04.4H20 100mg; CoCh.6H20 lOOmg; H3B03 500mg: NaMo04.2H20 l50mg; KI 
200mg; glass distilled water !litre. One of several carbon substrates was added to the medium: marine diesel fuel, specified hydrocarbon mixtures 
or glucose (all concentrations are given in the text). Inoculation was with samples of rapidly growing cultures from identical media. 

Fuel Analysis 
Samples of medium were taken throughout each growth experiment and centrifuged (5000g for 10 min) to obtain a fuel layer, without dispersed 

water droplets or biomass, suitable for chromatographic analysis. Initially the gravimetric percentage of aliphatic and aromatic fractions were 
ascertained by high pressure liquid chromatography (HPLC) techniques. An active silica gel (Magnusil H, 5~m) column, pre-activated by 
Hushing with argon gas for2 hat 2000C was used with pentane as the eluent. Detection was by refractive index measurements. 

A more detailed analysis of the aliphatic fraction was by capillary gas chromatography using a 25m vitreous silica WCOT column of 0.2 mm 
inside diameter with SE-30 stationary phase. Elution was over a temperature gradient (30 to 270°C at soc min- 1). Peak heights were used to 
estimate concentrations relative to the tetrahydronaphthalene internal standard. Initial identification of peaks was by on-line mass spectrometry. 

Growth Measurements 
Microbial biomass during the culture period was assessed by spectrophotometry of the aqueous phase in a Perkin-Elmer 550S 

spectrophotometer at 610 nm and by dry weight determinations of samples representative of the whole culture broth. A610 measurements of 

'Department genie biochimique. INSA, Avenue de Rangueil, 31077Toulouse. France. 
2Fuel Chemistry Section. Royal Aircraft Establishment. Cobham. UK. 
3Dept. of Microbiology. University of Reading, Reading. RG15AQ, UK. 
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cultures in which large amounts of biosurfactants were produced were in part due to the dispersed hydrocarbon droplets within the aqueous phase, 
and therefore did not correctly represent the cell biomass of the two-phase cultures. Samples for dry weight determinations were prepared by 
centrifugation (20,000g for 20 min at4"'C) and were washed twice with acetone (20% v/v in water) to remove adhering hydrocarbons before drying 
at lOS"'C to constailt weight. This washing did not remove intracellular hydrocarbons (Lindley & Hcydcman 1983) or significantly affect the dry 
weights obtained for glucose-grown fungi. 

Surfactant Analysis 
The activity of surfactant compounds produced extracellularly by each fungus was assessed throughout growth by two methods. Samples of 

aqueous phase culture filtrate were mixed with an equal quantity of fuel and ultrasonically treated, the time necessary to re-establish entirely the 
two phases then being taken as an indication of the surfactant activity. Alternatively the reduced binding affinity for fuel hydrocarbons (cell 
surface hydrophobicity) of washed cell suspensions resuspended in the culture filtrate was measured by the method of Rosenberg et a/. ( 1980). 
This is based upon the percentage of cells partitioning from an aqueous suspension into a hydrocarbon layer after vigorous mixing. Aqueous 
surfactants changed the interfacial tension so that fewer cells were transferred into the hydrocarbon layer. The results thus obtained correlated 
well with the times taken to clear emulsions prepared artificially by treating 1% (v/v) hydrocarbon in water with an ultrasonic probe (MSE 100 W) 
for 1 min at 20 kHz. The same assay of surface hydrophobicity was used with washed cells resuspended in isotonic citrate-phosphate buffer {pH 
5.5) to investigate changes during growth in the physico-chemical structure of the cell surfaces due to induced hydrophobicity or surface
associated surfactants. 

Uptake of Fuel Hydrocarbons 
Uptake of fuel hydrocarbons was assessed by the rates at which certain compounds disappeared from whole fuels (sec fuel analysis above) and 

by measuring the uptake of [14C]-Iabelled alkanes by washed fungal suspensions using the method of Lindley & Heydeman (1985b). The effect of 
various hydrocarbon mixtures was investigated in this manner, including estimates of hexadecane uptake from a reconstituted fuel in which the 
aromatic residue left after removal of the n-alkanes by Yarrowia lipolyrica was added to [14C]hexadecane in the ratio of 1:2 (aromatics/ 
hexadecane) thus approximating to the proportions of marine fuel in which 67% (v/v) of the fuel can be attributed to aliphatics. 

Results 

With one exception, Candida tenuis, all fungi investigated attacked only the aliphatic fraction of the fuel. All tended to initiate 
removal of the shorter chain n-alkanes first, and then progressively longer ones (Fig. 1), though at later stages of growth several or 
alln-alkanes were being simultaneously taken up and metabolized. 

In some instances fuel degradation continued after complete removal of n-alkanes and involved the metabolism of methyl
branched alkanes not terminally branched. Such degradation occurred only after depletion of then-alkane component and was 
always much slower. 

Only C. tenuis did not conform to this pattern. It grew well on fuel, though more slowly than other yeasts (Table !), but 
appeared to remove all hydrocarbons simultaneously, i.e. both the detailed aliphatic analysis and the HPLC method of 
quantifying aliphatic and aromatic fractions showed no growth-associated changes in fuel composition other than those due to 
volatile compounds evaporating. Analysis of intracellular hydrocarbons extracted from lyophilized cell material showed that 
compounds which would not be expected to support growth were not stored within the cell. 

Yeasts grew considerably faster on fuel than did filamentous fungi and without the extremely long lag phases associated with 
degradation of hydrocarbons by the latter (Lindley & Heydeman l985c). This difference in growth pattern was undoubtedly 
linked to the lower biomass yields of filamentous fungi growing on fuel, and the profound inhibition of growth of these species by. 
fuel concentrations exceeding 15% (v/v) (Fig. 2). The uptake mechanism was also inhibited when high fuel concentrations were 
used. Although at low fuel:water ratios(<!% v/v) the uptake of ["C]hexadecane was not much slower from a fuel than from 
similar concentrations of pure hexadecane (Table 2), at higher ratios uptake was markedly slower (Fig. 2). The constant rate of 
uptake by C/. resinae at fuel concentrations above 20% (v/v) represents a practical limit of the assay procedure since the emulsion 
was not fully stable at higher fuel ·concentrations, though extrapolation suggests that further inhibition would result from any 
effective increase in fuel concentrations above 20% (v/v). Neither biomass reduction nor uptake inhibition was observed for 
yeasts, where reduced yields could be accounted for largely by mineral limitation at high fuel concentrations, i.e. >40% (v/v) fuel. 
Supplementing the yeast cultures with additional mineral supply produced corresponding higher yields at high fuel 
concentrations, but growth inhibition of filamentous fungi in fuel concentrations greater than 10% (v/v) was not removed. 

Individual hydrocarbons representing the range of non-metabolized compounds found within the fuel inhibited alkane uptake 
and growth rates, but not biomass yields of Ct. resinae at the concentration added to hexadecane (Table 3). Only sulphur
containing aromatic compounds totally prevented growth or uptake and it may be such compounds which slow the growth of fungi 
at high fuel-water ratios. 

Since the exact composition of fuel depends upon the origin of the crude oil, various fuels were examined. They differed mainly 
in their aliphatic fractions, particularly in the proportions of the individual n-alkanes. As might be expected from the variation in 
n-alkane substrate optima of a similar range of fungi (Lindley & Heydeman 1985c), growth of each fungus differed on different 
fuels. Thus fungi with very poor metabolism of shorter alkanes grew better on heavier fuels. However, yeasts and major 
contaminants such as C/. resinae showed very little variation in their ability to metabolize the range of fuels tested. The type of 
inhibition effect described above was also found with all fuels used. 

The cell surface hydrophobicity remained constant throughout growth but was generally slightly higher during growth on 
hydrocarbons than on glucose, especially for yeasts. Yeasts produced extracellular surfactants only during growth on 
hydrocarbons and in the cases of Y. lipolytica and C. guilliermondii only during a relatively short period of the exponential growth 
phase (Fig. 3a). This rapid production of biosurfactant was accompanied by an apparent fall in biomass as measured 
spectrophotometrically in the aqueous phase, but dry weight measurements show no such fall. As the growth rate actually 
remained constant throughout the period of surfactant production, the perturbation in aqueous phase culture density must be 
viewed as the transfer of yeast cells to the hydrocarbon-water interface which was vastly increased in area by action of the 
surfactant. This change in culture characteristics was seen as the formation of yeast-covered droplets of fuel at the previously 
unbroken interface. 
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Fig. 1 Dcgradntion of the aliphatic fraction of a typical marine disel fuel by 

Cladosporium resinae as shown by chromatographs over a culture 
period. Similar patterns were obtained for all fungal species tested, with 
the single exception of Candida temtis. Long lag phases were observed 
for filamentous fungi e.g. 85 days for C. resinae. 

Table 1. The characteristics of fuel degradation by commonly isolated fuel-contaminating fungi. 

Species Lag phase Growth rate 
(days) (day-1) 

YEASTS 
Candida guilliermondii 9 0.988 
Candida temtis 11 0.555 
Yarrowia lipolytica 7 1.331 

FILAMENTOUS 
Aspergillus versicolor 150 0.091 
Cladosporium resinae 110 0.139 
Gliocladium virens !90 <0.05 
Penicillium chrysogenum !20 0.076 
Penicillium roquefortii 140 <0.05 
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Degradation rate 
(g alkanc,,g biomass-' 

day-') 

2.17 
ND 
3.53 

1.65 
2.32 
0.23 
1.04 
0.41 

For all species diesel fuel (20% v/v) acted as sole carbon source. Rates of both growth and biodegradation quoted here were maximum rates 
associated with the metabolism of the alkane component and should not be extrapolated to other fuel hydrocarbons. ND=not determined. 
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Fig. 2 The effect of fuel consumption upon the biomass yields and hexadecane 
uptake rates for the yeast Yarrowia lipolyrica (0, biomass; 0, 
hexadecane uptake) and the filamentous fungus Cladosporium resinae 
(e, biomass: •· hexadecane uptake). Rates of growth (results not 
shown) followed a similar trend to biomass yields for both species. Rates 
of uptake were in saturating assay systems containing lmg cells (dry 
weight) per mi. 

Table 2. Rates of ltexadecane uptake by several fungi from low concentrations (<1% v!v) of marine diesel fuel. 

Species 

Aspergillus versicolor 
Candida tenuis 
Cladosporium resinae 
Penicillium chrysogemtm 
Yarrowia lipqlytica 

Uptake Rate (nmol.min- 1.mg protein- 1) 

7.86 
11.83 
10.14 
6.79 

14.10 

( 8.10) 
(12.07) 
(10.55) 
( 7.22) 
(14.84) 

Figures in parentheses represent the rates of hexadecane uptake obtained from similar concentrations of hexadecane alone (i.e. without addition 
of aromatic residue). 

This phenomenon was independent of the aqueous culture density, but related to the interfacial area (Fig. 3b, in which this area 
is derived from the flask diameter at the interface position). It is suggested that cultures produced surfactant when their maximum 
growth rates had become limited by substrate availability i.e. hydrocarbon-water interface area. This point would, in less prolific 
producers of surfactant, represent the transition in growth kinetics from exponential to linear rates of growth often recorded for 
hydrocarbon-utilising micro-organisms. Thus Candida-type yeasts can counter this slowing of growth at least temporarily by 
producing surfactants. Biosurfactants were produced differently by filamentous fungi (Fig. 4). Production was, as with C. tenuis, 
related to growth. but surfactants of the same type (phospholipids and fatty acids, Lindley (1984)) were also produced. albeit at 
lower levels, on glucose. 

Discussion 

The metabolism of n-alkanes in order of increasing molecular size accords with the lag phase phenomen of filamentous fungi 
growing on n-alkane mixtures (Lindley & Heydeman 1985c). It contrasts with the report of Walker eta/. (1975) who found no 
characteristic pattern of fuel degradation, but these authors may have overlooked this sequential utilization as they analysed 
relatively few samples during the early stages of biodegradation. · 

The disappearance of all fuel components during growth of Candida tenuis is exceptional, particularly as only n-alkanes are 
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Fig. 3a Growth of Yarrowia lipolytica on hexadecane assessed by aqueous phase biomass (0) and total biomass (e) showing activity of 
biosurfactant (D) in the culture filtrate. A similar curve was obtained for all insoluble hydrocarbons including fuel. 

Fig. 3b The relationship between hydrocarbon-water interface area and the growth phase at which surfactant activity peaked during growth on 
hexadecane. Symbols as in Fig. 3a. 

Table 3. The effect of various fuel components on the growth characteristics of Cladosporium resinae on dodecane 
(10 mM). ND= Not determined. 

Added Concentration Dodecane Growth rate Biomass yield 
mM Uptake rate (day-1) g.g dodecane- 1 

nmol.min- 1.ng protein- 1 

No addition 10.55 0.105 0.065 
Cyclohexane I ND 0.056 0.067 
Squalane I ND 0.063 0.068 
Nonylbenzene 5 4.08 0.049 0.071 
Xylene 5 0.91 ND ND 

I 9.45 0.063 0.70 
Toluene 5 0.98 ND ND 

I 9.81 0.072 0.062 
Dckalin I ND 0.045 0.066 
Thianaphthene 5 0.36 ND ND 

1.02 no growth 0 

usable as sole sources of carbon by this species (Lindley 1984). This implies some form of co-oxidation, perhaps linked to energy 
production, but no partially metabilized hydrocarbons were detected by the analytical procedures used here. Confirmation for 
other hydrocarbon fuels of this species' ability to metabolize such a wide range of hydrocarbons would suggest that it may be 
exploitable as part of an oil spillage treatment strategy, overcoming many of the problems associated with chemical dispersants. 
Even if some of the recalcitrant aromatics are only partially oxidized by C. tenuis, they would then be more amenable to further 
and more rapid degradation by naturally occurring species than was the parent arom"atic. The hydrocarbon metabolism of C. 
tenuis requires further investigation before the true nature of this yeast's potential economic importance can be assessed 
adequately. 

The physiological basis of the poor assimilation of hydrocarbons by filamentous fungi remains obscure, but cannot be attributed 
to the hydrocarbon uptake rates, which were similar to those of the yeasts in th~s study, and of the yeast Candida tropicalis 
(Castell.) Berkhout (Kappeli & Fiechter 1981). This suggests that the intermediary metabolism of hydrocarbon oxidation is quite 
different in filamentous fungi from that in yeasts, making valuable a physiological study of the type so far restricted to yeasts of 
potential value as sources of 'single cell protein': the very selection of these strains to produce maximum conversion of 
hydrocarbons to biomass makes dubious any extrapolation of their physiology to other species. 

In part, however, the poorer growth of filamentous fungi on fuel+water mixtures can be seen as a consequence of the inhibitory 
effect on them of high fuel:water ratios, which did not adversely affect yeasts. 
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Fig. 4 The variation in cell surface hydrophobicity and surfactant activity 
throughout growth (represented here as biomass values) of C/. resinae on 
glucose (cell surface hydrophobicity, 0: surfactant activity, D) or 
hexadecane (cell surface hydrophobicity, e: surfactant activity, •). 
Surfactant production during growth on fuel was similar to that obtained 
for hexadecane-grown cultures. 

The progressive inhibition of the growth of filamentous fungi by increasing fuel concentration could be used, through fuel 
storage strategies, in the control of microbial contamination, since it is the filamentous fungi which lead to filter-blocking 
problems. In displacement tanks contamination might be restricted by maximizing the fuel:water ratio at all times, i.e. by 
reducing to a minimum the time for which the tanks are almost empty of fuel. At present it is common practice, if only short 
voyages are planned, to refuel directly into the service tanks rather than into the main displacement tanks as the latter. including 
jettisoning the seawater, entails a longer procedure. As a result of this practice filamentous fungi may be in contact with non
inhibitory concentrations of fuel under conditions suitable for growth for very long periods. Revision to make use of the natural 
toxic nature of the fuel could restrict fungal development to a level where operational problems were rare. 

The variations in biosurfactant production may reflect the difference in the physiology of hydrocarbon metabolism found in 
filamentous fungi. Yeasts have highly modified biochemical charcteristics induced during growth on hydrocarbons, involving the !' 
production of complex biosurfactants, lipopolysacharide-protein polymers (Kappeli eta/. 1978, Parcillcux 1979) or glycolipids 
(Cooper & Paddock 1983). They are thus able to exploit the hydrocarbon-containing environment efficiently. Filamentous fungi. 
though having constitutive metabolism enabling them to grow on hydrocarbons, cannot attain the high efficiency of some yeasts 
since their physiology is not sufficiently specialized. This is typified by the surfactants produced even by species such as C/. resinae, 
which is considered to be predominantly distributed in environments rich in hydrocarbons. Phospholipids and fatty acids (Siporin 
& Cooney 1975, Lindley 1984) similar to those found intracellularly though of different hydrocarbon substitution (Kan & Cooney 
1975) are produced on both alkanes and glucose. The production of such surface-active compounds, apparently as a consequence 
of normal growth, could confer some competitive advantage on the producing mould, since hydrophobic compounds are by no 
means uncommon in its environment. The lack of specialization found in fungi when exploiting hydrocarbons may explain the 
'tightrope' situation that typifies their metabolism, balanced between the toxic nature of the substrate and its high energetic yield. 
Their metabolism as it is understood (or perhaps misunderstood) at the present time presents something of a paradox since 
oxidizing enzymes (Walker & Cooney 1973), uptake mechanism (Lindley & Heydeman 1983) and surfactants (Siporin & Cooney 
1975) have all been reported to be constitutive, requiring some but not great enhancement of their respective specific activity, 
whilst long lag phases indicative of a high degree of modification have also been observed. Clearly further research is necessary, 
directed particularly at the intermediary metabolism of the filamentous fungi and the metabolic routes of hydrocarbon oxidation 
to the stage of fatty acids. Is the release of predominantly dodecanoic acid a mechanism of regulation, possibly involving more 
than one site of ~-oxidation within the cell structure? 

The hydrocarbon-utilising species studied in this project fall into two groups coincident with their morphology. The yeasts 
represent the first group of organisms, whose metabolism adapts specifically to the presence of metabolisable hydrocarbons. Their 
substrate specificity was however not significantly different from that of the other group, the filamentous fungi, whose inherent 
metabolic processes enable hydrocarbons to be metabolized, albeit less efficiently than by yeasts. Only one species, the yeast 
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Candida tenuis, is atypical. Its growth characteristics did not show as high a degree of induction of hydrocarbon-metabolising 
properties, and a uniquely wide range of hydrocarbons was able to be removed from the fuel, perhaps by co-oxidation reactions. 
Further work is needed before the growth of fungi on hydrocarbon fuels can be adequately understood. 

This project was sponsored by the Procurement Executive of the Ministry of Defence, UK. 
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LINEAR EXTENSION RATES OF SERPULA LACRYMANS WITIDN A 
SIMULATED WALL CAVITY 

JOHN D. THORNTON' and GARY C. JOHNSON' 

Abstract: A block of Pinus radiata D. Don, predecayed in the laboratory by Serpula lacrymans (Schum. 
ex Fr.) S.F. Gray. was introduced into an experimental wall cavity containing urea formaldehyde foam 
insulation. Linear extension within the cavity was measured at intervals, and temperature was 
monitored continuously during an 18-week period. Mean extension rates varied from 4.2 to 9.0 mm 
day- 1 at mean temperatures of 14.1 and 21.6°C, respectively. These rates are generally higher than 
those published elsewhere. 

Introduction 

The linear extension rate of Serpula lacrymans (Schum. ex Fr.) S.F. Gray has been studied frequently in the laboratory using 
agar media (see review by Wazny and GreaveS 1984). However, Coggins (1976) has stated that "the lack of measurements of 
growth rate in buildings and reliance on petri-dish measurements could give a misleading picture of the spread of the fungus under 
natural conditions." Two models have been used in the laboratory (Coggins & Jennings 1975, Coggins 1977, Clarke 1979, Doi et 
a/. 1982) in order to obtain growth rates for this species relevant to its behaviour in buildings. These studies have, however, been 
carried out at constant temperatures similar to those which gave maximum extension rates in Petri dish studies. 

Cartwright and Findlay (1958) stated that" ... in nature, temperatures seldom remain constantly at 'the optimum' and what is 
optimum for a comparatively short period may not be optimum for prolonged periods." Despite laboratory data showing that a 
temperature change of only a few degrees from the optimum will markedly reduce the growth rate of S. lacrymans, (Langvad & 
Goksoyr 1967, Walchli 1977, Doi 1981), the limited data so far published for S. /acrymans growing within buildings (Diller & 
Huang 1956, Savory 1971) has rarely been accompanied by temperature measurements. One exception is the Coggins (1977) 
study which was performed when temperatures within the building were always less than l0°C - substantially less than the 
laboratory-derived optimum for S. /aery mans. 

The present paper reports the linear extension rate of S. /acrymans in a simulated wall cavity. The study was carried out over an 
IS·week period during which the temperature varied from 13 to 24'C. The purpose of the study was to obtain growth data of 
relevance to the building habitat of this fungus; no appraisal of current building practice was undertaken. 

Materials and Methods 

The simulated wall cavity, which was devised to study the suitability of materials for cavity thermal insulation (Ballantyne 1985) was formed by 
a single leaf of bricks and mortar, giving a walllSOO mm high by 1200 mm wide, to which was fixed a Pinus radiata D. Don sapwood frame (Fig. 1). 
Although the outer surfaces of the frame were coated with P-rimer, the surfaces facing into the cavity were unpainted and, therefore, would be 
expected to be capable of providing (as under service Conditioils.l a source of nutrient for fungal growth. No sealant or gasket was placed between 
the frame and the brickwork when the frame was put in place. 

In "brick veneer" (BV) construction, which is used in many modern Australian homes, the outer face of the timber frame would be separated 
from the inner face of the brickwork by a space of approximately 35 mm. Although plasterboard would be attached to the internal surface of the 
frame, for the purposes of this study a sheet of glass was substituted for the plasterboard. The 50 mm wide cavity formed between the glass and the 
brickwork was filled with urea fonnaldehyde foam insulation (Dunlap 1984) in this case. 

By making the top member of the frame narrower than the side members, a space was made available adjacent to the inner face of the 
brickwork for both injection of the insulation, and for subsequent watering. Into this 32 mm wide space was inserted a hollow metal tube 

" containing numerous holes by which water was uniformly applied against the brickwork along the entire 1010 mm width of the cavity. Water was 
introduced at approximately 900 ml min- 1 for a 10 min period once every six days. The entry of water into the cavity could in practice occur 
through, for example, windblown rain penetrating porous mortar (Ballantyne 1985). The whole assembly stood in a metal tray so that water 
running out of the base of the frame could be drained (see Fig. 1). 

The simulated wall cavity was contained within a large masonry building of high thermal capacity. l11e building was windowless, generally kept 
in darkness, neither heated nor humidity controlled and had a 12,500 mm high ceiling. Hence, the temperature inside this building was only 
gradually modified by the prevailing weather- so gradually that diurnal temperature variation was often too small to be detected. 

A large block of P. radiata sapwood (290 x 85 x 40 mm) was predecayed for a period of eight weeks by S. lacrymatls (isolate DFP 16508) using 
the techniques of Thornton {1978). A hollow, which was slightly larger than the inoculum block, was cut into the insulation material at a position 
60 mm from the left-hand frame member and 100 mm from the bottom. The block, supported on nails tapped into the mortar, was placed in the 
hollow and rested against the brickwork (see Fig. 1). 

From the time the inoculated block was installed in mid-July, 1984, colonization of the wall cavity by the fungus was observed at intervals and 
from mid-September the extent of growth was traced on the glass. It soon became apparent that the most rapid growth oCcurred within a space 11 
mm wide and 50 mm deep which ran vertically up one side where foam had shrunk away from the wooden frame. This gap spanned the full 
internal height (1460 mm) of the frame. During the period from mid-September, 1984 to mid-January. 1985 the growth front within this gap was 
marked at intervals varying from two to nine days (averaging 5.2 days) after the start of the study period. These markings would later enable 
detennination of linear extension rates using either (i) the days between two successive markings. or (ii) the days spanning three or more 
successive markings. The majority of extension rate determinations were made using method (i), method (ii) being used only on a few occasions 
after first checking that only small temperature changes had occurred over the successive intervals of marking. 

1CSIRO Division of Chemical and Wood Technology, Graham Road, Highett. Victoria 3190, Australia. 
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21JO Lmear exteii.HOII rates ofSerpula Lacrymans ... 

rig. I . General view of simulated wall cavity showing the brick wall, timber frame, foam insulation and glass facing. Note 
posi tion of thermograph used for recording temperatu re values. This photograph was taken after the study had been 
tcnninatcd due to mou ld growth within the cavity. Position of predecayed block is shown , towards bottcm left-hand 
comer of the cavity. 

During the IX-wcek per10d of growth monitoring. the temperature wa~ continuously recorded on a the rmograph (Cas~ella ' l placed a t the base 
of the 'imulated w.tll ca' ity (\ee Fig. 1). Fo r each time period re lating to the ~IJ growt h values shown in Fig. 2. mdivtdual temrerature vn lue< fo r 
each hour wen: read to the nearest 0 5°C from the thermogra ph cha rts. T he mean temperature. toge ther w11h the \landard dena t1on. wa< 
calc ulated from the indi,idual hourly \ 'a lues. The leng th of till'~ contn bu11ng to the calculation nf each of the 2Y hnl!ar cxtc n~1on rate< vaned from 

3 to 22 days and i< included in Fig. 2. 
No furt her mark1ng< were made after suh<tanllal mould growth hecame apparent. The te-.t fungu' ha Ll by thi' time grown Ill wi thin 2ROm m uf 

the top frame me mber. 

Results and Discussion 

Fig. 2 shows linear extensio n ra tes of S. /acryma/IS obtained a t variou · temperatures over selecu.:d time intervals. The ra tes 
ra nged from a mean o f 4.2 mm day- 1 at a mean tempera ture of 14.1°C to a mean o f 9.0 mm day- 1 at a mean temperature of 
21.6°C. Of the 2~ value calcula ted. all of which nre tncluded in Fig. 2 . 17 show little variabi lity - t.e . their mean temperature 
value~ have ~tandard deviations (SD ) of be tween O..t°C and 1.0°C. This level o r va riability i~ simila r 10 tha t fo r laboratory studie 
wi th this fungus. The largest SD for the remaining 12 means ha a value of2.0°C. 

The authors believe that the temperatures under which this study was carried o ut would closely rc~cmble those within the 
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Fig. 2. Average linear extension rates of Serpula lacrymans within a simulated wall cavity at prevailing 
temperatures. The temperature values are presented as the mean of hourly temperature, plus 
or minus one standard deviation, relating to each measurement period. The number of days 
corresponding to each extension rate is included on the graph. 
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subftoor space of a BV building. In fact, during the test period, subfl.oor space temperatures for an adjacent BV building (see 
Thornton 1984, 1985 for description of building structure and data acquisition) ranged from a mean minimum of 12.9°C to a mean 
maximum of21.8°C. The authors consider, therefore, that the temperatures at which extension rates were measured here would 
be similar to those preVailing in practice within the basal regions of wall cavities in BV buildings. However, it should be pointed 
out that the fluctuations occurring in the sub floor space would be more rapid than those in the study building. 

In general terms, there appeared to be an increasing extension rate with increasing temperature over the range of temperatures 
prevailing during the test period (Fig. 2). However, the authors have not attempted to fit a regression line to the points on this 
figure as there is evidence that a straight line would not be appropriate since laboratory studies by others, over a greater range of 
temperatures than those determined here, show a non-linear response toward the upper and lower temperature regions found in 
this study. (Langvad & Goksoyr 1967, Wfilchli 1977, Doi & Saito 1982). Data from another study (Thornton 1985) suggest that 
the temperatures most suited to the optimum extension rate for this isolate o{S. /acrylnans would lie within the range l8°C to 
22°C. At higher temperatures the extension rate would be expected to fall markedly, with negligible growth occurring for this 
particular isolate at or above 26SC (Thornton & Collett 1983). In both the optimum temperature for growth and the maximum 
temperature at which growth occurs, this isolate is typical of others of the species (Segmilller & Wti.lchli 1978). 

Observations made during this study revealed that while the fungus was advancing within the 11 mm wide gap it was completely 
filling it with mycelium. There was no evidence that the fungus grew at a faster rate on any one of the four faces (brickwork, 
wood, glass and insulation) that surrounded the gap. However, equal extension rates would not necessarily be expected on all 
four surfaces if each surface could have been presented separately, particularly beafing in mind that only one of the four materials 
would be expected to provide nutrients for fungal growth. Indeed studies employing small cabinets maintained at 22°C have 



Table 1. Linear extension rates ofS.lacrymans reported in this and other studies. 

Average 
No. Surface overgrown linear extension Location of study 

rate1 

mm day-1 

Mortar 6.9 Cabinet in laboratory 

2 Plaster, aged 0.65-2.25 (range) Unoccupied building 

3 Plaster, aged 5.0 Cabinet in laboratory 
4 Plaster, aged, lime-sand 7.92 Cabinet in laboratory 

5 Plaster, aged 8.2 (maximum) Cabinet in laboratory 

6 Plaster, not aged 6.9 Cabinet in laboratory 
7 Plaster, not aged 8.4 Cabinet in laboratory 

8 Perspex 1.38 Cabinet in laboratory 

9 Perspex 2.56 Cabinet in laboratory 

10 Pcrspex 4.45 Cabinet in laboratory 

11 Perspex 6.9 Cabinet in laboratory 
12 Perspex 8.6 Cabinet in laboratory 

13 Wood Pinus sp. Approx. 
Pseudotsuga menziesii 1.0 Root cellar 
Ql1ercus sp. 

14 Wood (Pinus silvestris) 2.96 Experimental house (Findlay,l937) 
15 Wood (Pinus silvesrris), wetted 2.75 (maximum) Cabinet in laboratory 

16 Wood (Pinus silvesrris) 4.05 Experimental house (Findlay, 1937) 

17 Wood (Pinus silvesrris) 3.89 Experimental house (Findlay, 1937) 

18 Broken brick 5.0-6.0 (range) Glass tubes in laboratory 
6.3 (maximum) 

19 Brickwork, wood 4.2 Simulated wall 
20 (P. radiata), glass 5.8 cavity within 

21 and UFfoam 7.9 experimental 
22 insulation 9.0 building 

1Type of data selected or available is indicated. 
2Standard deviation is given in pareniheses. 
NR indicates that the incubation temperature was either not recorded or not presented in the original report. 

Incubation 
Temperature CC) Duration 

Mean2 (days) 
or Range 

22 16 
3-9 60 
22 24 
22 30 
22 33 
22 16 
22 28-35 
22 19 
22 20 
22 32 
22 16 
22 28-35 

NR 1460 

NR 121 
22 12 
NR 274 
NR 590 
22 Upto28 

14.1(0.4) 7 
17.2(0.4) 4 
20.1(0.6) 7 
21.6(0.9) 5 

Rererence 

Clarke, 1979 
Coggins, 1977 
Coggins and Jennings, 1975 
Clarke, Jennings and Coggins. 1980 
Coggins, 1977 
Clarke, 1979 
Brownlee and Jennings, 1982 

Thompson, Eaumus and Jennings, 1985 

Clarke,1979 
Brownlee andJennings.1982 

Diller and Huang, 1956 

Savory,1971 
Clarke, 1979 
Savory, 1971 
Savory, 1971 
Bravery and Grant, 1985 

Thornton and Johnson, 
this study 
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shown markedly different extension rates for one S. lacrymans isolate growing between Perspex and other materials including 
wood, mortar and plaster (Clarke 1979). Equal extension rates occurring on the four surfaces during the present test may have 
been influenced by the fungus not only growing over the timber surface but also subsequently causing extensive attack of this 

timber. 
The authors are aware of only a few studies, most unpubished, which provide data on the extension rate of S. lacrymans in 

situations other than Petri dishes in the laboratory. These studies are listed and numbered in Table 1. It is difficult to use the data 
from all of these studies for extrapolation to the building habitat of S. /acrymans since in some cases where the temperature 
fluctuated it was not reported whereas in other cases a constant temperature, which was based on laboratory work, was chosen. 
The practical significance of the studies carried out at a fixed temperature is unknown if the effect of temperature on growth rate 
in a building situation has not been determined. 

Despite the acknowledged deficiencies of the present comparisons, it is apparent that even at an average temperature of 14.1°C 
the fungus was extending at a faster rate in the simulated wall cavity (19-22) than in any of the other studies (13-17) where wood 
was the surface overgrown. When incubated at an average temperature of 21.6°C, S. lacrymans was growing in the simulated wall 
cavity (22) at a slightly greater rate than the averages achieved over mortar (I), plaster (5,7), broken brick ( 18) or Perspex (12). 

Since the study described here was completed Bravery and Grant (1985) have stated that it is difficult, if not impossible, to 
make controlled and reproducible observations of growth and behaviour, in practice, over a brick or masonry substrate. We 
believe that the design described here, with some small modifications, would make possible such a study. S. /acrymans is more 
amenable to studies carried out in non-st~rile conditions than are most, if not all, other wood-rotting Basidiomycetes. After all 
Dewar (1933) successfully demonstrated growth of S. /acrymans on large scale timber floors covered by glass sheets, although 
apparently he did not record temperatures or growth rates. 

The authors wish to thank Mr. E.R. Ballantyne and Mr. D. Dubout, CSIRO Division of Building Research, for the loan of the simulated wall 
cavity and for their helpful advice. The technical assistance of Mrs. A. McConalogue is gratefully acknowledged. We also thank Professor D.H. 
Jennings for his helpful comments on an earlier draft. 
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PECTINOLYTIC AND CELLULOLYTIC ENZYME COMPLEX OF FUNGI ASSOCIATED 
WITH SOFT ROT OF YAMS (DIOSCOREA ROTUNDATA, POIR.) 

S.K.C. OBI' and A.N. MONEKE 

Abstract: Fungi associated with yam soft-rot and their pectic and endoglucanase enzyme activities arc 
reported. Aspergillus niger v. Tieghem, Botryodiplodia tlreobromae Pat., Candida sp., Cladosporium 
sp. were identified as primary soft-rot causing moulds in contrast to Rhizopus sto/onifer (Ehren b.) Lind 
and Aspergillus jlavus Link:Fr. which were present as secondary coloniscrs. All soft-rot causing fungi 
were characterized by high levels of hydrolase and lyase activities. Some produced ~l-4 endoglucanase 
in addition; but its production is not indispensable. High hydrolase activity alone may not be decisive for 
soft-rot fonnation. Total suppression of pectic enzyme production in vitro was achieved at a level of 0.4 
mg/ml for benzoic acid. Such effect could not be achieved with sodium benzoate at double the 
concentration. In vivo tests using healthy yam tubers showed that benzoic acid prevented soft rot 
formation by A. niger at a concentration of0.32 mg/mm2• 

Introduction 

A sizable portion of yam harvests in most West African countries is lost in storage due to soft rot diseases. These diseases have 
been ascribed to infections with bacteria {Okafor 1966, Obi 1981) and fungi (Ogundana eta/. 1970, Adeniji 1970, Ekundayo & 
Naqui 1974). 

Chesson (1980) describes soft-rot as an indication of the presence of pectinolytic organisms, and of the pectic enzymes, 
cndopolygalacturonase (EC. 3.2.!.15). endopectate lyase (EC. 4.2.2.2.), and endopcctinlyase (EC. 4.2.2.10) are thought to be 
important in soft-rot formation (Ishii 1976). Equally significant are the pectinesterases and enzymes involved in the breakdown of 
hemicelluloses. The role of cellulolytic enzymes in soft-rot development is not clearly understood. Among the cellulolytic 
enzymes thought to participate in tissue maceration are j}-1~ endoglucanases (Bauer eta/. 1973) and galactanases (Cole & Wood 
1970). 

Most of the earlier works on yam soft-rot of fungal origin have dealt mainly with the recognition of the aetiologica agents. 
Others have tested the effectiveness of such fungicides as limewash, borax, Bordeaux mixture (Coursey 1961, Coursey 1967a, 
Cour:;cy 1967b), thiabendazole, benomyl and diphenyl (Thompson eta/. 1977) in soft-rot control. Unfortunately, there are recent 
reports on the emergence of fungal strains resistant to a number of these fungicides (Ogawa et a/. 1976). This development 
therefore calls for other approaches to the control of storage decay of yams and other vegetable foods. In this paper we report on 
the pectinolytic enzyme and endoglucanase activities of fungi associated with yam soft-rot, as well as on the effect of benzoic acid 
and sodium benzoate on enzyme production. 

Materials and Methods 

Source of yams 
Yams (Dioscorea rottmdata) with soft·rot symptoms, together with healthy ones were selected from a yam barn in Nsukka, Nigeria. 

Isolation of fungi from diseased yams 
A transverse section was cut with a sterile knife through the necrotic portion of the yams and a loopful of necrotic tissue from the advance 

margin of the rot was streaked on triplicate plates of freshly prepared Sabouraud dextrose agar (SDA) containing chloramphenicol (0.5 mglml). 
Isolations were made from eight diseased yams. Inoculated plates were incubated at 28°C for seven days after which a representative of each 
morphological type (by colony appearance) was isolated and examined microscopically for purity. Pure cultures were maintained on SDA slants. 
Identification of the isolates was based on morphological characteristics of plate and slide cultures according to Barnett {1969) and Gilman 
(1971) 

Phytopathogenicity test 
The procedure was similar to that described by Noon and Calhoun (1979). Pure cultures of the fungal isolates were separately inoculated into 

wells made on healthy yams by use of a cork-borer (10 mm diameter) and the yams subsequently incubated at room temperature (28"C) for four 
weeks. Transverse sections cut through the wells were examined for tissue changes. An isolate was considered pathogenic if it was reisolated from 
the advancing zone of the changed tissue. TI1ere were five replicates per isolate. 

Production of pectic enzymes 
Inoculum preparation: Each inoculum was prepared by incubating each isolate for seven days at 28<>C in SDA slants, with the exception of the 

Candida sp. isolates which were incubated for three days. Thereafter, each culture was recovered in 10 ml of sterile saline (stock culture) and then 
kept at 4°C to prevent numerical changes in cell population. The number of colony forming units (c.f.u.) of each stock culture was determined by 
the surface plate technique and was diluted as appropriate to give the standard inoculum. 

1Department of Microbiology, University of Nigeria, Nsukka. 
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Growth of isolates in pectin medium: The medium consisted of: apple pectin of d.e.* 8 (Sigma Chemical Co.), 5 gllitre; yeast extract (Difco), 5 
g/litre; Na2HP04.2H20, 7.2 gllitre; KH2P04, 3.5 gllitre. The final pH was adjusted to 7.0 using 2M NaOH. 

The sterilized pectin medium was dispensed in 25 ml portions into twenty seven 100 ml flasks and inoculated with 2 ml standard inoculum of 
each isolate (5 x 104 c.f.u.). Three flasks were inoculated with each of the eight isolates while the remaining three which served as the control were 
inoculated with 2 ml sterile saline. All flasks were incubated at 28°C in a rotary shaker (100 r.p.m.) for eight days and then subjected to 
centrifugation (5000 x g. 10 min, 3"C), dialysed twice for 24h at l"C against 50 volumes of distilled water (to remove mineral salts amd small 
molecules) and then examined for pectinase activity as described below. 

Growth of Isolates in yam tissue: Cultures of each isolate (5 x 1~ c.f.u.) were grown in aseptically prepared healthy yam tissue immersed in 25 
ml of a sterile mineral medium, in 100 ml flasks. Each isolate was cultured in triplicate. Three flasks inoculated with sterile saline served as the 
control. The composition of the mineral medium was as follows: (NH4)2SO." 2g; KH2P04 , 4g; Na2HP04, 6g; FeS04. 7H20, 1 mg; MgS04, 0.2g; 
CaC)z, 1 mg; H3B03,10 f.lg, ZnS04, 70 flg; CuS04• 50 j.lg; (NH4)6 Mo70 24 .4H20.10 11gand distilled water 1litre. pH, 7.4. 

The yam tissue was prepared in the form of sterile cylinders (1.2 x 4 em) using a sterile cork borer (Obi 1981) and each flask contained eight such 
cylinders of yam tissue. After eight days incubation at 28"C in a rotary shaker (100 r.p.m.), cultures of each isolate were pooled and the yam tissue 
disintegrated either by vigorous agitation or mechanically. The crude pectic enzymes were obtained as described for the pectin medium cultures. 

Production ofjl-1-4 endoglucanase 
Flasks of 100 ml capacity containing 25 ml of modified Richard's solution of composition(% wt/vol.): asparagine, 0.2; carboxymethylcellulose 

(CMC-30), 2; yeast extract, 0.1, were inoculated in triplicate with 2 ml of the standard inoculum (5 x 104 c.f.u.) of each isolate and shaken for eight 
days at 28"C. Cultures of each isolate were pooled, partially purified by dialysis (as described above) and examined viscometrically for (3--1-4 
endoglucanase activity. Two control flasks were inoculated with 2 ml of sterile saline and treated as described above. 

Cup-plate assay of hydrolase, lyase and pectinesterase 
Hydrolase activity was assayed at pH 4.5, and the composition of the medium(%, wt/vol.) was as follows: apple pectin, 1; ammonium oxalate. 

0.5; thiomersal (a preservative) from British Drug Houses (BDH), 0.01; lonagar No. 2 (Oxoid), 1.5; 0.1M sodium acetate buffer, pH 4.5. Assay 
for lyase activity was carried out at pH 5.0 and the medium contained(% wt/vol.): pectin, 1; CaC12.6H20, 0.002; thiomersal, 0.01; lonagar No.2, 
1.5% O.lM sodium acetate buffer, pH 5.0. Both assay media were heated to l00°C for 45 min. and dispensed in 15 ml portions into 9 em Petri 
dishes. After solidification of the gel, the dishes were dried at 50°C for 45 min and wells of 8 mm diameter were cut in the agar gel using a cork 
borer. Four wells were made in each plate and filled with 200 ~1 of the crude enzyme preparations. After incubation at 30"C for 24h, the plates 
were Hooded with 5M HCJ. Undegraded pectin was precipitated, whereas the breakdown of pectin was indicated by a clear zone around the cup. 
The results were recorded as the diameter in centimetres of the cleared zone minus the cup-diameter and represent the mean values of four 
measurements on two different plates. 

For pectinesterase, the agar gel contained(% wtlvol): pectin, 1; thiomersal, 0.01, Jonagar No. 2,1.5; O.lM sodium acetate buffer. pH, 4.5. To 
avoid non·enzymatic de-esterification of the substrate, the crude enzyme preparation was adjusted to pH 7 with 0.1M NaOH. The cups were then 
inoculated, incubated and developed as described for hydrolase and lyases. 

Viscometric assay of hydrolase, lyase and ~1-4 endoglucanase 
Enzyme activity based on change in the viscosity of reaction mixtures at 40"C (for the two pectic enzymes) and 32"C (for j}-1-4 cndoglucanase) 

was determined in an Ostwald viscometer No. 200. For the hydrolase assay, the reaction mixtures contained 1% pectin (3 ml), 0.1M sodium 
acetate buffer, pH 4.5 (3 ml), and 1 ml of enzyme extract from yam tissue culture. The reaction mixture for the assay of lyase contained 1% pectin 
(2 ml), O.lM sodium acetate buffer pH 5.0 (2 ml) and 1 ml of yam tissue culture extract. The viscometric assay of j}-1-4 endoglucanase activity was 
carried out with 0.5% carboxymethylcellulose (CMC·70) in citrate buffer, pH 5.5 according to Arinze et al. (1976). The reaction mixture consisted 
of9 ml substrate and 1 ml enzyme extract from the modified Richard's medium culture. 

For all assays, the substrate control contained distilled water in place of enzyme solution while distilled water served as water control. The 
reaction mixtures were incubated at 40°C for hydrolase and lyase and 32"C for endoglucanase. Viscometric runs were made at 5 min. intervals for 
20 min. starting with tubes containing the enzyme preparations. Enzyme activity was expressed as the percent decrease in viscosity (D) and was 
calculated with the formula: D=(100(Ts-Tt))/(Ts-Tw) where Ts is the flow time or the substrate control. Tt is the flow time of the test, and Tw is 
the flow time of water. 

Effect of benzoic acid and sodium benzoate on pectic enzyme production 
For each preservative, final concentrations of 0.1, 0.2, 0.4, 0.6 and 0.8 mglml were separately mixed with 15 ml of sterile yam tissue medium and 

inoculated with 5 x 1~ c.f.u. of each isolate. After eight days incubation at 28"C. crude enzyme solution was prepared, and assayed for the various 
pectin enzymes by the cup·plate method. 

Effect of benzoic acid on soft-rot formation by Aspergillus niger V. Tieghem (A9) 
Concentrations of benzoic acid ranging from 0.005 mglmm 2 to 0.64 mglmm2 were inoculated into wells made on fresh healthy yam tubers and 

each well was further inoculated with 5 x 10" spores of A. niger (A9). After four weeks incubation at 28"C. sections were cut through the we1ls and 
the extent of changed tissue measured. 

Results 

Fungal isolates of diseased yams 
The fungi isolated from the diseased yams consisted of Aspergillus fiavus Link: Fr., Aspergillus niger (AI), Aspergillus niger 

(A9), Botryodiplodia theobromae Pat., Candida sp. (AS), Candida sp. (A 7), Cladosporium sp. and Rhizopus stolonifer (Ehrenb.) 
Und. 

Host-pathogenicity of isolates 
The isolates showed varying degrees of pathogenicity in the host tissue. A. niger (AI), A. niger (A9), B. theobromae, and 

Candida sp. (AS) caused extensive soft rot of the yam tissue while Candida sp. (A7) and Cladosporium sp. produced only 
moderate soft rot. Each of these fungi was reisolated from the infected yam tissue thus confirming their role as yam pathogens. A. 
ftavus and R. stoloniferwere unable to grow in the yam tissue and cause soft rot (Table 1). They may have occurred in the decayed 

_ yarns as contaminants or might have assisted the soft rot process only in association with other microorganisms. 

*d.e.=degree of esterification 
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Table 1. Host- pathogenicity test. 

Isolate 

Aspergillus niger (AI) 
Aspergillus 11iger (A9) 
Aspergillus flavus 
Botryodiplodia theobromae 
Candida sp. (A5) 
Candida sp. (A7) 
Cladosporium sp. 
Rhizopus stolonifer 

Diameter of growth (mm) 

25 
30 
5 

30 
25 
15 
lO 
5 

Pectic enzymes produced in pectin medium 

Observation 

Luxuriant growth with strong brown soft rot. 
Luxuriant growth with strong brown soft rot. 
No growth. Tissue browning due to injury. 
Luxuriant growth with strong bro\vn soft rot. 
Luxuriant growth with brown soft rot. 
Growth with brown soft rot. 
Growth with mild brown soft rot. 
No growth. Tissue browning due to injury. 
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The cup-plate assay technique did not reveal any hydrolase activity for any of the isolates. All the isolates, however, exhibited 
lyase activity. The highest lyase activity was recorded for A. niger (A9) followed by A. niger (A!). Cladosporium sp. 
demonstrated the least activity. For pectinesterase, A. niger (A9) again showed the highest activity followed by Candida sp. (A7) 
(Table2). 

Pectic enzymes produced in yam tissue 
All the yam tissue cultures exhibited high hydrolase, lyase and pectinesterase activities in the cup-plate assay. The activities 

were generally higher than those recorded for the pectin medium cultures. Isolates with markedly high enzyme activities were A. 
niger (A9), Candida sp. (A7), A. niger (A!) and B. theobromae (Table 2). 

Table 2. Cup-plate and viscometric assays for enzymes. 

Isolate Pectin medium (mm) Yam tissue medium (mm) Decrease(%) in viscosity 

Hydro- Pectin-
lase Lyase esterase 

Hydro- Pectin-
lase Lyase esterase 

Hydro- fl-1-4 
lase 

Lyase 
1 g ucanase 

Aspergillus niger (Al) 5.50 3.50 8.50 6.50 5.50 91.67 70.00 87.50 
Aspergillus m"ger (A9) 5.70 5.20 8.00 7.00 9.40 98.00 70.00 87.50 
Aspergillusflavus 4.30 3.00 5.50 4.50 4.20 75.00 30.00 12.50 
Botryodiplodia theobromae 3.50 3.80 6.20 6.00 5.50 58.33 70.00 75.00 
Candida sp. (AS) 3.60 2.00 5.00 5.00 2.00 75.00 60.00 12.50 
Candida sp. (A7) 4.80 4.50 8.00 7.00 9.00 83.33 70.00 
Cladosporium sp. 2.20 3.00 6.50 5.00 3.90 58.33 60.00 12.50 
Rhizopus stolonifer 3.60 3.40 5.50 4.00 4.00 33.33 20.00 
Control 

Viscometric assays of hydrolases and lyases 
For hydrolase, a 98% decrease in viscosity was recorded for A. niger (A9) after 20 min., and 92% for A. niger (Al). Candida 

sp. (A7) (83% ), A. fiavus (75%) and Candida sp. (AS) with 75% equally demonstrated high hydrolase activities. The lowest 
activity was observed with R. stolonifer (33%) (Table 2). With respect to lyase, the two A. niger strains (A! & A9), Bi. 
theobromae and Candida sp. (A7) showed the highest activity (70% ). Lyase activities for the other organisms were moderate to 
low. 

Viscometric assay of (J-1-4 endoglucanase 
A. niger (A9) and A. niger (Al), each with over 87% and B. theobromae (15%) caused the highest decrease in viscosity. For A. 

flavus, Candida sp. (A5) and Cladosporium sp. ~1-4 endoglucanase activities were low. No measurable activities could be 
recorded for Candida sp. (A 7) sp. (A7) and R. Stolonifer. 

Effect of benzoic acid and sodium benzoate on lyase and pectinesterase production 
As can be seen from Table 3, the incorporation of0.2 mglml benzoic acid into the yam tissue medium prevented the production 

of both pectinesterase and lyase enzymes by Candida sp. (A7), Cladosporium sp. and R. stolonifer. For A. niger (A9) and B. 
theobromae, the minimum level necessary to achieve this effect was 0.4 mg/ml. 

Sodium benzoate was found to have a weaker effect than benzoic acid. Apart from the lyase of R. stolonifer which was not 
produced in the presence of 0.4 mg/ml sodium benzoate, the production of the pectic enzymes (lyase and pectinesterase) of the 
other fungal isolates was not completely inhibited when the level of sodium benzoate was increased to 0.8 mg/ml. 

Table 3. Minimal inhibitory concentrations of benzoic acid and sodium benzoate for enzyme production. 

Benzoic acid (mglml) Sodium benzoate (mg/ml) 

Lyase Pectinesterase Lyase Pectinesterase 

Aspergillus niger (A9) 0.4 0.4 0.8 0.8 
Botryodiplodia theobromae 0.4 0.4 0.8 0.8 
Candida sp. (A7) 0.2 0.2 0.8 0.8 
Cladosporium sp. 0.2 0.2 0.8 0.8 
Rhizopus stolonifer 0.2 0.1 0.4 0.8 
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Effect of benzoic acid on soft rot formation A. 11iger (A9) 
In vivo examination of the effect of doubling dilutions of benzoic acid on soft rot formation by A. niger (A9) showed that the 

benzoic acid at concentrations ranging from 0.005 rnglmm2-0.16 mglmm2 could not completely prevent soft rot development. 
Total growth inhibition and consequently. prevention of soft rot manifestation was achieved at a level of0.32 mg/mrn2

• 

Discussion 

In spite of different reports in the literature regarding fungi associated with yam decay, the implication of certain fungal species 
in soft-rot of yams seems consistent. With the exception of Candida spp., the rest of the fungi isolated in this work have been 
reported by one worker or the other to be associated with yam spoilage (Noon & Calhoun 1979, Adeniji 1970, Ogundana eta/. 
1970, Okafor 1966). However, A. flavus and Rhizopus sp. shown to cause yam soft-rot by previous workers (Adeniji 1970, Noon 
& Calhoun 1979) were found to be non-pathogenic in the present investigation. The ability to cause soft-rot among fungi, 
therefore, appears to be a strain specific attribute. 

Although none of the fungal isolates produced any detectable hydrolase on pectin medium, they all elaborated this enzyme in 
the yam tissue medium, thus underscoring the dependence of enzyme production on medium composition. 

The observed production of hydrolase, lyase and pectinesterase by all the isolates in yam tissue medium and the failure of some 
isolates to establish an infection and cause soft-rot of yam raises the question of the role of pectinolytic and other enzymes in soft
rot formation. Such information in respect of yam soft-rot is not readily available. According to Chesson (1980), not all 
pectinolytic enzymes are able individually to produce soft-rot. The ability is restricted to those pectic deploymerases with an endo 
mode of attack and which are able to cause extensive solubilization of pectic substances by cleavage of relatively few linkages 
(Chesson & Codner 1978). The reports of onion tissue maceration by endopolygalacturonase from Pseudomonas cepacia 
Palleroni & Holmes (Ulrich 1975) and of potato degradation by endopectate lyase from Erwinia chrysanthemi (Basham & 
Bateman 1975), appear to lend support to this view. Equally significant in this regard are the reports that pectic hydrolase from 
Monilinia fructigena (Byrde & Fielding 1962) and endo-pectate lyase of Erwinia chrysanthemi Burkholder, McFadden & Dimock 
(Garibaldi & Bateman 1971) caused rapid reduction in viscosity of pectic acid in solution but failed to cause tissue soft-rot. From 
this, it would seem that in vitro demonstration of pectinase activity by microorganisms is not directly correlated with ability to 
cause soft-rot. 

On the role of pectinesterase which was produced in appreciable amounts by all the isolates, there is little evidence so far to 
suggest that its action is significant during the maceration of dicotyledons by microorganisms (Chesson 1980). This is in spite of its 
reported positive influence on the degradation rate of isolated pcctinic acids by depolymerases preferentially active against de
esterified galacturonan (Dahadwala eta/. 1974). 

Arinze eta/. (1976) had suggested that soft-rot provoking organisms produce ce11ulolytic enzymes in addition to pectinases. 
Among the cellulolytic enzymes is fl-1-4 endoglucanase (Cx group of cellulases) capable of degrading some products of C1-

cellulase action. Our findings indicated that high endoglucanase activity was not a common attribute of all soft-rot provoking 
fungi. However, those fungi which caused extensive soft-rot, in vivo, also demonstrated appreciable endoglucanase activity while 
the non-soft-rot producers gave either very low activities or none at all. The possible participation of ~-1-4 endoglucanase in soft
rot seems confirmed by the report that 10-15% of the wall polysaccharides were released from sycamore cell walls by fl-1-4 
endoglucanase following pretreatment with endopolygalacturonase, in contrast to 1% released by endoglucanase alone (Bauer et 
a/. 1973). 

Thus, while pectic enzymes may initiate soft-rot through the degradation of the cells' pectic materials, the completed process 
requires the degradation of the cell wall's celluloses and proteins by the respective actions of the cellulase complex and proteolytic 
enzymes (Hall & Wood 1973). From available evidence on the pathogenesis of soft-rots of fungal origin it may be said that: 

i. Whilst pectinase enzymes are associated with pathogenicity in so far as a minimum level of pectinase activity is necessary, 
there is no correlation between high pectinolytic enzyme production and virulence. 

ii. Virulence may be associated with the speed with which enzymes are mobilized since it is important that galacturonic acid 
residues should be available as a carbon source for the pathogen shortly after infection. 

m. A readily available energy source is essential if the pathogen is to establish itself ahead of the defensive wound reaction. 
The low tolerance level of benzoic acid and benzoates (1 mg/ml) in foods (Ayres eta/. 1980) is dictated by its objectionable 

flavour effect at higher concentrations. In our study, total suppression of pectic enzyme production by benzoic acid as well as soft
rot inhibition occurred at concentrations within this limit, whilst sodium benzoate was largely ineffective. Rahm and Conn (1944) 
had established that with benzoic acid, the undissociated fraction was the inhibitory principle and not the acid anion, while Bell et 
a/. (1959) found that with an organic acid such as benzoic acid a fall in pH below 7 results in a fall in its pKa and consequently, in 
an increase in the concentration of the undissociated fraction, leading eventually to an increased antimicrobial activity. 

In our study, the benzoic acid medium displayed a lower pH (6.50) than that containing sodium benzoate (6.80). The impact of 
this pH difference on the concentrations of the undissociated acid in both cultures, in our view, explains the higher effectiveness 
of benzoic acid vis a vis sodium benzoate in these trials. It is hoped that this preliminary report will serve as a basis for further 
trials aimed at wide scale use of benzoic acid in a soft-rot control. 
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HISTOCHEMICAL INVESTIGATIONS ON YAM TUBERS 
INFECTED WITH BOTRYODIPLODIA THEOBROMAE PAT. 

ESTHER UGOJI' and AGNES UDUEBO 

Abst['act: Histochemical evidence showed that infection of tuber tissues of Dioscorea rotundata Pair. by 
Botryodiplodia theobromae Pat. caused rot and disruption of host cytoplasmic contents. Heavy diffuse 
cytoplasmic stainings for peroxidnsc. cytochrome oxidase, acid and alkaline phosphatases were 
consistent features of infection by B. theobromae but staining reactions for healthy tuber tissues showed 
much less diffuse stains. 

Introduction 

Histochemical observation of Solanum tissues infected by Phytoplrthora erythroseptica (Pitt & Coombes 1968) have shown that 
there was swelling and disruption of lysosome~like host cell particles, accompanied by increased diffuse cytoplasmic staining for 
acid phosphatase and esterase. Enzymic localizations in plant tissues and organs have been carried out and correlated with their 
structure and function (Van Fleet 1959, Forsket & Miksche 1966, Vanden Born 1963) but relatively little is known about enzymic 
distribution in yam tubers. 

Cytochrome oxidase is thought to occur universally in plants (Smith & Chance 1958, Goddard & Bonner 1960). This enzyme is 
the most important oxidase because the major part of the useful energy liberated by respiration is coupled to the cytochrome 
system of which this enzyme is the terminal component. There is some evidence that in certain pathogenic fungi. cytochrome 
oxidase takes part in respiration of mycelium for example Neurospora sitophi/a (Owens 1955) and Plzytop!Jtlzora infestans 
(Aksenova 1960). 

Peroxidase activity has been observed in tissues of at least 138 plant species representing 45 families (Gazet Du Chatelier et 
Duquenos 1954) and the enzyme is probably of universal occurrence. Brieger (1924) found strong reactions for peroxidase in 
wound zones of vascular plants. Peroxidase was also found to be localized in meristems, epidermis, endodermis and the entire 
phloem area (Van Fleet 1947). 

Atkinson and Shaw (1955) using cytochemical methods found high concentrations of acid phosphatase in association with the 
haustoria of mildew on barley. Onofeghara (1973) has suggested that the high activity of alkaline phosphatase near the region of 
haustoria( contact with the host vascular system may indicate its connection with those physiological and biochemical activities 
concerned with the exchange of materials between host and parasite. 

Aspects of yam so far investigated by previous workers include the observations of respiratory behaviour, changes in moisture 
content, changes in carbohydrate and protein contents of the diseased yam and development of invertase and amylase enzymes of 
yam tubers in storage, (Coursey 1961, Ogundana 1969 and Ezeala 1970). 

It is therefore necessary to focus attention on disturbances in normal metabolism and behaviour that are attributable to the 
presence of a pathogen or pathogens in yams. This communication reports histochemical observations as to whether disruption of 
cells occurring as a symptom of soft-rot disease of yam tuber is a feature of infection of Botryodiplodia theobromae Pat. one of the 
tuber rotting fungi (Okafor 1966, Adeniji 1970). Locations of enzymes in host parasite unions with the resultant insight into the 
distribution of such enzymes may throw more light on the study of host parasite interactions. 

Materials and Methods 

The fungus, B. theobromae was isolated from tubers of D. rotunda/a Poir. showing symptoms of soft-rot disease. 1l1e yam tubers were 
purchased locally at the Saba and Yaba markets in Lagos, Nigeria. Yam tubers were wound inoculated with discs of the fungal culture grown on 
Potato Dextrose Agar (PDA). The wounds were covered with sterile moistened cotton wool and incubated in disinfected polythene bags at 25±2°C 
for 5 weeks and examined daily. 

Stained sections were observed under n Leitz Ortholux microscope. Tissue sections 25-30 Jlm thick of the healthy and diseased yam were 
sectioned on a freezing cryomat microtome (model Leitz 1310k) at -25°C. 

Peroxidase activity was localized by employing the amine reaction of Burstone (1960). Fresh cryocut sections were placed in Iris HCI buffer 
(0.3M, pH 7.4). These were later placed in a substrate solution made by dissolving lOmg of p-amino diphenylamine (Variable Blue RT base) and 
lOmg of p-methoxy p-aminodiphenylarhine (Variable Blue B base) in 0.5ml of absolute ethyl alcohol. Thirty five millilitres of distilled water and 
15m! oftris HCI buffer (0.3M, pH 7.4) were added, and a small quantity (0.25ml) of H20 2 solution (3% v/v, 0.25ml). The tissues were incubated 
at 3rC for lh after which they were washed in running tap water for 10 min. They were mounted in glycerin-gelatin and observations were made 
by means of a light microscope. 

The procedure for the localization of cytochrome oxidase was as described by Burstone (1960). The substrate solution is the same as in the 
peroxidase-amine reaction bu.t without3% H20 2• 

For the localization of acid phosphatase (phosphomonoesterase II), the lead sulphide procedure of Gomori (1952) and Jensen (1956) was used 
on fresh cryocut sections. The substrate solution was made by dissolving 0.6g lead nitrate in 500ml of cation buffer (0.3M, pH 4.5) to which was 
added 50ml of sodium glycerophosphate (0.01 M. pH 5.0). The sections were incubated at 37"C for 2h and rinsed in distilled water. They were 

1Department of Biological Sciences, University of lagos, lagos, Nigeria. 
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then placed in a beaker containing dilute NH4S solution (lml in 200m! distilled water) for 5 min. They were again removed, placed in 95% 
alcohol, then absolute alcohol before finally mounting in glycerin-gelatin. 

For alkaline phosphatase (phosphomonoesterase 1) localization was achieved by the technique of Gomori (1952) and Ross and Ely (1951). 
Fresh cryocut sections were placed in a substrate solution made by mixing 5ml2% solution (w/v) CaC12 , 2m12% solution (W/v) MgC)z, 10m! O.lM 
solution barbital buffer and 33m! distilled water. Adenosinc-5-(P) (0.5g) was added (Ross & Ely 1951). The pH was adjusted to 9.4. The sections 
were incubated at 37~C for 2h and thereafter washed in distilled water. They were then placed in a 2% solution (w/v) or cobalt nitrate ror l min., 
washed in distilled water and placed in a dilute solution or NH4S. Sections were washed in distilled water dehydrated in 95% then absolute alcohol 
and mounted in glycerin-gelatin. Sections in substrate free media served as controls. 

Resulls 

The photographs were taken of sections removed as indicated for cryomm sectioning (Fig. la and b). Due to the invasion of the 
fungus, a barrier, the cork layer, was formed to impede the invasion (Fig. lc). Fig. ld shows the extent of rot of tuber infection 
with B. rheobromae at the end of a 5 week incubation period. Unstained fresh cryocut sections from the uninfected tuber (Fig. 2a) 
shows intact starch grains while in the infected sections, it was observed that there was depletion of starch grains with fungal 
hyphae ramifying the cells (Fig. 2b ). These sections served as controls. 

(a) 

(b) 

Boundary region 
removed for analysis 

I em 

I-_==§~=~~~~;:------ Diseased portion 
- removed for analysis 

_.!1\-----Good J>Ortion 

11----Skin 

Boundary region 
removed for analysis 

Fig. 1 Illustrations showing how infected yam tissue samples were removed for analysis 
(a) One week after infection 
(b) Five weeks after infection 

Histochemical Observations 
A brown colouration in the xylem vessels and phloem cells of the healthy sections was observed after staining (Fig. 3a) 

indicative of peroxidase activity. The parenchyma cells surrounding the conducting tissue also showed peroxidase activity. The 
browning was more intense in the diseased portions (Fig. 3b). 

The sites of cytochrome oxidase activity recognized by a bright blue colouration were more pronounced in the conducting 
vessels of the stained diseased sections (Fig. 3c) than those of the stained healthy ones (Fig. 3d). 

With the metal salt techniques a positive reaction was generally observed for acid phosphatase in the vascular bundles and the 
cytoplasm of both the healthy and the diseased tissues (Fig. 4a and b). Sites of activity appeared as black deposits of lead sulphide 
over the tissues. There was generally an increase in acid phosphatase activity with infection. Controls absorbed little stain (Fig. 4c 
and d). 

Most of the alkaline phosphatase activity was observed in the cytoplasm and vascular bundles. The stained diseased portions 
(Fig. 5b) showed more intense reaction than the healthy ones (Fig. Sa). Control sections did not absorb any stain. 
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(c) 

(a) 

Fig. 1. c: Fo rmation of cork layer (ell bordering the zone of 
infection ( x 120) 

d : D. rotwttlata cut open to \how \oft rot ( x '/') 

Fig. 2. a: Section through healthy y~ rn t1~suc ~howing March granules. (st). x 360 
b: Section through diseased tis~ue wi th ramifyi ng fungal hyphae (h) x 360. Bo th serve a-. control 

sections for peroxidase. cytochrome oxidase anJ alkaline phosphatase. 

Oiscu.sion 

3tH 

(d) 

(b) 

Penetration of the host 's cells by fungal ·hyphae occurred as a result of the breakdown of cell walls. Thi<; is probabl) due to 
enzyme produced by the pathogen. Starch consti tute· the bulk of carbohydrate reserve in ~am tuber~ a~ i~ evident from the 
numerous starch grains (Fig . 2a). 

In this work, peroxidase activity increa~cd with infection as indicated by a more intense brO\\ n colounltion (Fig. 3h) . There are 
reports indica ting po~itivc correlation between pc roxida~e levels and re istance to pathogens in plants (Clare e1al l%6. Fehrman 
& Dimond 1967, Simons & Ross 1970). The present histochemical observations confirm the view of Pitt and Coombes ( 196 ) that 
infection of potato tuber tissues by Pltytophthom erytltrosl!plica results in the liberation of lysosomal en;ymes J uring infect ion of 
potato tissues by other tuber rotting fungi . 

Cytochrome oxidase act ivit y was more pronouneell in the diseased sections (Fig. Jc) . There i~ some evidence that in certa in 
pathogenic fungi . cytochrome oxidase takes part in the respiration of the mycelium (Aksenova 1960). The major role in the 
absorpt ion of oxygen by Gelasinospora tetrasperma is played by the cy tochrome -. cytochrome oxida<>e system. Boulter and 
Derbyshire ( !957) using spectroscopy. found cytochrome oxida~e in a number of phycomycetes. ascomycetes. basidiomyccte~ and 
fungi imperfeeti. Botryodiplodio theobromae belongs to the last named group. 

The results (Fig. 4a and b) show a fair distribution of acid phosphatase in yam tuber~. From the p<~ ttcrn of di tribution of this 
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(a) 

(c) 

Fig. 3. Yam tis~ue section' ~howing p<!roxida~e location~ in lOp 
(a) healthy tissue (b) disea~etltis~ue and bou om cytochrome oxida~e locatiorl\ in (c) di~ca>ed 
tis;;ue (d) healthy t i~sue. ( x 120) 

(b) 

(d) 

eru:yme. it mfly be indirectly linked with energy transfer through hydrolysi~ of suitable suh~tratcs like sugar phosphates. Gahan 
and M cLean ( 1968) found that both acid pho phatase flnd e terfl e were pre ent at the commencement of the formation of the 
sieve pore of sieve plates suggesting a role in pore formation. 

A high alkaline phosphatase content was observed in the host-parasite ti:.suc (Fig. 5b) . From the locat ion of this enzyme in the 
cytoplac;m and va cular bundle . it may be directly linked with energy transfer reactions by making available phosphate groups 
from cellular subc;trates. 

From the hi tochemical evidence. a tube r-rotting fungus causing soft-rot in yam tubers indicate that infection resulted in the 
release of enzyme by the plant lysosomes. Whether such infections involve de 1101'o synthesis of such enzymes by the host. or the 
pathogen. or m~.:rcly an increase in concentration of preformed enzyme is difficult to determine in the presence of a continuously 
increasing fungal component which cannot be separated from the infected ho:.t tissue. 
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Fig. 5. A lkaline phospha tase localization in 
(a) healhy (b) diseased yam u'suc . 
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THE BIODETERIORATION OF 
VULCANIZED RUBBERS 

G. R. WILLIAMS' 

Abstract: Soil microorganisms were found to attack preferentially the stearic acid component of 
vulcanized rubber. Zinc oxide was found to have very little effect on soil microorganisms, but high 
sulphur concentrations could protect the rubber. Soil microorganisms attacking vulcanized rubber were 
found to be unaffected by the presence of anti-oxidants in the rubber. High levels of carbon black filler 
could protect the rubber whilst paraffin wax made it more susceptible to attack, but this could be 
prevented by increasing the accelerator concentration. 

Introduction 

The spoilage of rubbers by microorganisms has received much attention. but the precise nature of microbial attack of rubber 
and the effect of additives is still confused. Many researchers have not distinguished between the growth of microorganisms on the 
rubber polymer, rubber additives or surface impurities and dirt. Recent \VOrk suggests that most uncompounded synthetic rubber 
polymers are resistant to attack (with the possible exception of styrene butadiene) and that uncompounded natural rubber (smoked 
sheet and pale crepe) and synthetic polyisoprene are susceptible to microbial attack (Williams 1982). 

Williams (1984(a)) concluded that eight accelerators commonly used in rubber manufacture were toxic to soil microorganisms 
when incorporated into agar at their \Vorking concentrations in rubber. However, such experiments are inadequate to predict the 
effect of accelerators on the biodeterioration of rubber as the complex chemical changes occurring during vulcanization are not 
considered. Soil burial of other rubber additives showed that stearic acid was readily biodegradable, zinc oxide had slight biostatic 
properties at concentrations of 5% (w/v) and that sulphur did not affect microbial growth at concentrations of up to 5% (w/v) 
when incorporated into nutrient agar. Antioxidants and fillers did not support mould growth when buried in soil, however, they 
were non toxic at the concentrations used (antioxidants 2% v/v, fillers 30% w/v). 

Direct evidence of vulcanized rubber deterioration was found by Blake and his co-workers (1949. 1950, 1953 and 1955) studying 
the rubber insulations on electrical conductors. Accelerators are generally regarded as protecting vulcanized rubbers against 
microbial attack (Hills 1967) although Dimond and Horsfall (1943) concluded that accelerators did not afford protection at 
normal \Vorking concentrations. It is uncertain what effect antioxidants have on vulcanized rubbers, but Blahnick and Zanova 
(1964) doubted whether the small amounts used would have any significant effect. The effect of fillers on microbial deterioration 
is unclear, although some evidence suggests that a higher concentration of carbon black will give a better protection against 
microbial attack (Kwiatkowska eta/. 1980). 

This paper describes work carried out on the effect of stearic acid, zinc oxide, sulphur, accelerators, antioxidants, fillers and 
processing aids on the biodeterioration of natural rubber (smoke sheet) vulcanizates by soil microorganisms. 

I\'laterials and Methods 

Vulcanized rubber compositions {!Scm x 15cm x 0.2cm) are listed in Table 1. Malt extract agar and nutrient agar were obtained from Oxoid 
Ltd. Microbial growth was assessed visually and by microscopic examination (x 30). Contaminating microorganisms were then washed off the 
rubber surface, and pit damage was estimated using a scanning densitometer (Williams 1984 (b)) and respirometry was performed on vulcanizates 
using Penicillium variabile Sopp (Williams 1982). 

Tensile strength, elongation at break, microhardness and ageing tests were carried out in accordance with British Standard BS 903. The 
instruments used for infra red spectroscopy (IR). X-ray photoelectron spectroscopy (ESCA) and scanning electron microscopy were a Perkin
Elmer 318 IR spectrometer using multiple internal reflectance (MIR), an ESCA 3 Mark III electron spectrometer, and a Cambridge 250 Scanning 
Electron Microscope respectively. 

Stearic acid·dcterminations were carried out by limited head space gas liquid chromatography (GLC). The rubber sample was heated to 300"C 
in a limited space, and volatile components present in the vulcanizate examined by GLC using a 2 meter column packed with 8% OV-17 on 
Chromosorb W·HO, detector temperature 300"C, temperature programming 160°C-280°C at tooc per min. 

Accelerator concentration was determined using lOg rubber samples cut into small pieces (-O.lcm3) and refluxed with lOOm! acetone for 1.5 
hours. The absorbance at 326nm was then measured on a Pyc Unicam SPB-100 recording spectrophotometer and compared with a standard 
calibration curve for accelerator dissolved in acetone. 

Rubber samples and sterile controls were buried in John Innes No. 1 soil, maintained as previously described (Williams 1982). Samples were 
removed after 3 and 6 months and were examined microscopically and contaminating organisms isolated and identified. Samples were then 
cleaned and dried to constant weight in an oven at 37°C (usually 4 days) to determine weight loss. The rubbers were then examined to determine 
the amount of surface pitting. Finally, rubbers were subjected to physical testing: the only parameter giving significant difference between buried 
and control samples was the tensile strength measurement, and only this value is presented in the results. Sterile controls were not significantly 
different to unburied rubbers. Results are given in Table 2. 

1 Dairy Crest Foods, Bason Bridge Creamery, Bason Bridge, Nr High bridge, Somerset, TA9 4RP. 
Copyright Controller© HMSO, London, 1983 
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Table 1. Composition ojl'lllcanizates used in the smdy. 

Rubber type and 

Variable component 

Basic rubbers 
(1) No accelerator* 
(2) Stearic acid 
(3) zinc oxide 
(4) Sulphur 

Variable Accelerator lel'els 
(5) TMTD 
(6) MBT 
(7) MBTS 
(8) CBS 

Other additives 
(9) TDQ 
(10) ODP Antioxidants 
(11) MDP 
(12) Carbon black 
(13) Paraffin wax (1.0 pph) 

{Variable component- accelerator) 

Low (A) 

* 
0.3 
2 
0.5 

0.3 
0.5 
0.5 
0.3 

0.3 
0.5 
0.5 
5 
0.4 

The biodeterioration of vulcanized rubbers 

Concentration level(%) and designation 

Medium (B) High (C) 

* • 
1.0 2.5 
5 10 
2 4 

1.2 4.0 
1.5 3.0 
1.5 3.0 
1.2 2.0 

1.0 3.0 
1.0 2.0 
1.0 2.0 
35 70 

3.0 

All types contain 100 pph (parts per hundred) RSS No. 1 Natural rubber (smoked sheet). Others contain 5 pph ZnO. 2 pph sulphur, 1 pph stearic 
acid and 0.4 pph accelerator, unless otherwise stated. 

*Basic rubber lA contains 5 pph sulphur only. Rubber lB contains 5 pph ZnO, 2 pph sulphur and 1 pph stearic acid. Rubber lC contains 5 pph 
ZnO, 5 pph sulphur and 1 pph stearic acid. 

Results 

Behaviour of basic rubbers 

Without accelerator. Rubber contaomng only 5% sulphur (l(a)) did not support microbial growth as determined 
microscopically. Rubber containing zinc oxide, sulphur and stearic acid, was found to be very rapidly attacked by microorganisms 
if the sulphur concentration was low (l(b)) and rubber containing high sulphur levels was only slightly attacked (!(c)). All other 
tests used confirmed these microscopic observations. Rubber l(b) was examined to determine whether the rubber polymer itself 
was attacked or whether the biodegradable additive stearic acid was attacked. IR and ESCA studies could not detect any changes 
in the rubber polymer, but determinations of the stearic acid levels by GLC showed that after 3 months soil burial the level of 
stearic acid in the rubber had fallen to 5% of its original level compared to samples buried in sterile soil. However, as mould 
growth and weight loss continued after the stearic acid had been degraded, the microorganisms were either degrading the rubber 
polymer itself or some polymer impurities. It was not possible to manufacture a rubber containing low levels of sulphur and 
natural rubber (smoked sheet) only, due to the extensive cure time required (5 hours), and it was not possible to confirm whether 
polymer deterioration was occurring in vulcanized rubber. All other basic rubbers manufactured contained low levels of the 
accelerator CBS (cyclohexylbenzothiazole) to reduce curing time. Rubbers were cured for the optimum times as determined by a 
Monsanto Rheometer (usually from 25 to 65 minutes, average time 45 minutes). 

Stearic acid- containing rubbers. Rubbers containing low stearic acid levels (2(a)) supported slight growth. Intermediate 
stearic acid levels (2(b)) supported a modest amount of growth, but rubbers with high stearic acid levels (2(c)) were severely 
attacked by soil microorganisms. This indicates that it is the stearic acid content of vulcanized rubber that soil microorganisms 
attack preferentially. 

Zinc oxide- containing rubbers. Varying zinc oxide levels had little effect on microbial attack of vulcanized rubber (rubbers 
3(a-c)). 

Sulphur - containing rubbers. Rubbers containing low sulphur levels (4(a)) supported very heavy mould growth, with 
associated pitting of the rubber surface and heavy staining. Intermediate sulphur levels (4(b)) supported a lesser amount of 
growth and corresponding lesser damage, and rubbers containing high sulphur levels (4(c)) did not support any microbial growth, 
even after 6 months soil burial. 

Variable accelerator levels 

Tetramethyl Thiuram Disulphide (TMTD) rubbers, At low TMTD levels (S(a)) heavy mould growth of a variety of species 
occurred, with very heavy pitting of the rubber surface. At medium accelerator levels (S(b)) the extent of microbial attack was 
greatly reduced; only very slight staining of the rubber was apparent, and there was no pitting of the rubber surface. At high levels 
of accelerator (S(c)) microbial attack was completely inhibited. These results were confirmed by tensile strength measurements, 
weight loss tests and densitometer readings. Respirometric (Q02) values show that at low TMTD levels, organisms increased 
their respiration rate, indicating attack on one or more of the rubber components. At intermediate TMTD levels this respiration 
was reduced to approximately the level of endogenous respiration. At high levels. no respiration occurred, indicating that 
respiring cells had been inhibited. Accelerator leaching experiments indicate that at low concentrations, approximately 40% of 
the accelerator had been lost from the rubber. but at higher concentrations relatively less leaching occurred. 
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Mercaptobenzothiazole (MBT) rubbers. At low MBT concentrations (6(a)) heavy mould growth occurred with associated 
staining and pitting. Intermediate MBT levels (6(b)) reduced the amount of growth to some degree, although substantial pitting 
and staining occurred on the rubber surface. High levels of MBT (6(c)) did cause some decrease in the amount of microbial 
attack, although pit damage and staining still occurred. 

Mercaptobenzothiazole sulphonamide (MBTS) rubbers. Low levels of MBTS (7(a)) allowed heavy sporulating growth to 
occur, with associated staining and pitting of the rubber surface. Intermediary MBTS (7(b)) were found to give greater 
protection, and high MBTS levels (7(c)) gave a significant degree of protection, as little pitting of the rubber had occurred. 
Respirometric (002) values were not as low as expected for this rubber possibly because MBTS does not inhibit microbial growth 
immediately, or it may act as a biostat. Very little accelerator was found to have leached from the rubber during the 6 months 
exposure to soil. 

Table 2. Soil burial of vulcanized rubber (6 months burial). 

Rubber Growth 1 Appearance2 002 Value3 % wt loss Pit damage4 Tensile Accelerator 
(to nearest .5) Strength leaching(%) 

(%change) 

Ia 0 0 0.85 0.5 9.3 4 
lb 3 3 2.37 4.5 43.2 66 
lc 1.07 1.0 9.1 8 

2a 1 1 1.29 1.0 12.4 15 
2b 2 2 1.89 1.5 20.2 33 
2c 3 3 1.94 2.5 33.1 48 

3a 2 2-3 1.68 1.0 18.3 17 
3b 2 2 1.89 1.5 20.2 34 
3c 1-2 2 1.95 1.0 14.8 20 

4a 3 3 2.51 3.5 38.7 37 
4b 2 2 1.89 1.5 20.2 34 
4c 0 0 1.07 0.5 4.2 12 

Sa 3 3 2.17 1.5 22.4 14 40 
Sb 1 I 1.10 0.5 7.8 8 10 
Sc 0 0 0 0.0 6.8 0 35 

6a 3 3 1.83 2.0 27.3 33 50 
6b 2 2 1.55 1.5 17.4 13 40 
6c 1-2 1-2 1.52 0.5 16.8 9 28 

7a 3 3 2.24 3.5 27.1 28 25 
7b 1-2 2 1.71 1.0 14.3 17 20 
7c 1.22 0.5 7.2 0 20 

8a 3 3 1.97 1.5 19.8 29 30 
8b 2 2 1.31 1.0 13.6 23 50 
8c 1-2 I 1.28 1.0 14.1 5 45 

9a 2 2-3 1.99 1.0 19.7 28 
9b 2 2-3 1.81 1.5 21.2 21 
9c 2 -~- 2-3 1.90 1.0 21.0 26 

lOa 2 2-3 2.01 1.5 22.2 31 
lOb 2 2-3 1.91 1.5 19.4 30 
JOe 2 2-3 1.95 1.5 20.4 29 

lla 2 2-3 1.93 1.5 18.7 38 
llb 2 2-3 1.87 1.5 18.9 30 
llc 2 . 2-3 1.99 1.5 20.5 28 

12a 1-2 2 1.73 1.5 18.3 39 
12b 1-2 1-2 1.43 1.0 17.0 43 
12c 0-1 I 1.04 0.5 11.5 18 

13 a 3 3 2.31 2.0 29.4 60 
13 b 0-1 0-1 2.07 1.0 10.4 19 

1Gro)Vth rating: 0, no growth 2 Appearance rating: 0, no staining or pitting 
1, slight growth l, slight staining and pitting 
2, moderate growth 2, moderate staining and pitting 
3, heavy growth 3, heavy staining and pitting 

3Q02 values expressed inN mole/minlmg cells. 4 Pit damage expressed as% change densitometer reading. 
Endogenous respiration rate of 1. 

Cyclohexy1benzolhiazole (CBS) rubbers. At low CBS levels (8(a)) rubbers were fairly heavily attacked by soil microorganisms. 
Rubbers containing intermediate CBS levels (S(b)) were found to be moderately attacked, and high levels of CBS (8(c)) only 
allowed little growth, which was reflected in weight loss and tensile strength measurements. Respirometric (QOz) values were not 



The hindetenoratto /1 of l 'ttlcmu::.ed rubbers 

ac; low a~ expected. ' ' hir.:h i ndicHtc~ that till~ Otocide may need ~orne tim~· to inh ibi t n11eroorganisms. or act as a hio~tat. 
Arproximatel~ 40 50'};, CBS was found to hn'c leached out o f the ruhher dur ing the 'oil burial tc-.t. 

T he effect of other additive~ 

AntioxidanLc;. After .' and o month~ ~oil huri(ll, ruhhers containing 'arymg le,clc; of ;mtio'iida nt (rubber-. 9-11 (H-e)) were 
dam:~gcd to appro\imatcly the ~ame extent as rubl'n~ not contain i n~ nntin,idant. 

Carbon black. Rubber' containing IO\\ lc"d' ( 12(a)) suproncd a <,imi lar amount of mould grtm th w rubber' not containing 
carbon hind •. Vulcani7atc' containing intcnnctli;ttc hind. le,·el!> ( 12(hl) upported slight!~ le" growth Ru bber' con1ainin!! high 
blucJ., h.:vcb ( 12(c)) :-.upported very sl ight amount of growth . 

Paraffin wax. Rubber' cunwining paral'lin wax and low accelerator com:entration ( t:\(;t)) ~ uppott ccl very heavy microbial 
growth. esrecially of Acwwmycef when compared with the control rubbers. The rubber surface ,,.a~ ' cry h c;~vily piucd (<.cc Fig. I 
~ho,,ing. a pit 111 the rubber surface with as..,ociatcd Actinomycete gro'' th). These results were confirmed by the batten of tC'-h 
previous!) employed. I l o \\ e\ cr. paraffin ''ax and high accelerator conccntr<~tio n in the tubber (I ~(h)) was found to dccrea~e the 
amount of damage e<Iu,ed by oil microorgan isms. On ly 00~ valucc; arc found to be high . ''hich "a~ probabl~ clue to raraffin wax 
oxirlauon occurring before the acccler;ttor could mhihit the contam111ating microorganism~. 

Fig. I Thc pitted surface of a rubber. showing <l'>\Ot:iated Actinollly<c' ' P· 
The bar rcpre'>cnt~ 40 prn. 

Discu · ion 

The rc~ults presented in thi~ pllpcr ~ugge~ t thnt tntcroorganisms prdcn.:ntiall y attack the ~tca ri e acid content of \•ulcant7ecl 
t'Ullber. llowevc r. weight loss mca~urcmcnts indicnted that either polymer deterioration or deterioration of ~omc J'L>Iymcr 
impurity wa~ occurring. 

The zinc concentration' u~ed in thi<; study do not have a great effect on microbial dcteriotation of vulcanized rubber . howcVl'r 
htgher lcvcb may afford protection from attack. ac; tndicatcd by toxicity 't ud ic~ ( \\'i ll i am~ 198-t( :1) ). 

ulphur content can greatly influence mtctohinl attack . Low lcvcb allow rapid gro,\lh and colontn tion. but ''ith increa ing 
loading~. this deterioration dccrca cs until at high lond~ no igntficam deter ioration occurs. 

Accelerator<. can protect a rubber again~! microbi;tl attCicJ. .. a~ increasing concent rations of accelerator gave greater proter.:tion 
to the rubber . TMTD ill high concentrations gave eomplctc protection to the rubber from mtcrnbial attack . and both MBTS and 
CBS reduced microbial attacl-. to a very low level. MBT was not a particularly effective biocide when incorporated into rubber 
formulations. however. prcviou\ work using toxicity ~tudics on this compound ~uggcstcd tlwt it "'a~ a very useful biocide hy i tse l f 
(Williams 19R4(a) ). Care '>hould therctorc he tn l..en before recommending a particular accdcr<llor a~ nn effective bioctde tn n 
rubber formulation . as vulcan ization mav rctlucc the biocidal effectt\cne~s of the accelerator O ther f<~ctor~ to be wt..cn into 
ar.:coun t include the degree of lcachlllg of a biocide from a ~y~tcm. a an easil~ leached biocide may render a \ ulcanizatc 
su~ceptiblc Ill mtacl-.. 

The three antioxidan t~ u~ed in thi' ~t udy do not rrotcct rubber fo rmulation~ again-.! mwd b) -.otl microorganisms. Carbon 
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black fillers, however, can protect a vulcanizate from attack, especially at high concentrations, although they are not directly toxic 
to soil microorganisms. Processing aids, such as paraffin wax are readily biodegradable in a formulated rubber, but this increased 
susceptibility may be controlled by using increased accelerator levels. 

All the tests used to measure the deterioration of vulcanized rubber were complimentary and gave similar results for each 
rubber investigated. Respiratory measurements (Q01) indicated that rubbers not supporting mould growth gave 002 values 
between 0.8 and l.l. rubbers supporting slight to moderate growth gave values between 1.2 and 1.9, and rubbers supporting 
heavy or very heavy growth gave values between 1.9 and 2.6. This test could be adapted to assess the potential biodegradability of 
any given rubber. Percentage weight loss experiments and pit damage measurements (% change in densitometer reading) were 
found to be useful guides to determine the amount of deterioration. Tensile strength tests also proved to be useful, with values 
between 0 and 10% strength loss indicating undegradcd rubbers, 10 and 35%, moderately deteriorated rubbers, and values in 
excess of 35%, badly deteriorated rubbers. 

The author would like to thank Mr. M. T. Evans for preparing the vulcanized rubbers and for carrying out physical tests on them, Mrs. V. M. 
Evans for carrying out GLC analyses, Mr. A. F. Cuningham for carrying out IR spectra and Mr. P. F. McKee for carrying out ESCA and SEM 
work. 
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ABSTRACTS 

BIODETERIORATION - GENERAL 

Legislation and Standardization 

See also abst. 1789 

1411 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard method for dehydration of oil-type preservations. 
Annual Book of ASTM Standards (1985) 04.09, 183-186 [En, 
D370-84] ASTM, 1916 Race St., Philadelphia, PA 19103, 
USA. 

1412 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard specification for creosote-coal tar solution. 
Annual Book of ASTM Standards (1985) 04.09, 189-190 [En, 
D391-84] ASTM, 1916 Race St., Philadelphia, PA 19103, 
USA. 

1413 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard methods for chemical analysis of chroma ted cop
per arsenate. Annual Book of ASTM Standards (1985) 04.09, 
342-346 [En, Dl628-83] ASTM, 1916 Race St., Philadelphia, 
PA 19103, USA. 

1414 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard test method for chloride for calculating 
pentachlorophenol in solutions or wood (lime ignition method). 
Annual Book o[ ASTM Standards (1985) 04.09, 451-456 [En, 
D2085-83] AS"TM, 1916 Race St., Philadelphia, PA 19103, 
USA. 

1415 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard test method for water solubility of auxiliary solvent 
for wood preserving solutions. Annual Book of ASTM Stan
dards (1985) 04.09, 608 [En, D3224-73 (Reapproved 1984)] 
ASTM, 1916 Race St., Philadelphia, PA 19103, USA. 

1416 USA, AMERICAN SOCIETY OF TESTING AND MATERIALS 
Standard specification for low-boiling hydrocarbon solvent for 
oil-borne preservatives. Annual Book of ASTM Standards 
(1985) 04.09, 609-610 [En, D3225-73 (Reapproved 1984)] 
ASTM, 1916 Race St., Philadelphia, PA 19103, USA. 

1417 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard test method for valency state of the arsenic compo
nent of ammoniacal copper arsenate solutions. Annual Book of 
ASTM Standards (1985) 04.09, 662-663 [En, D3873-84l 
ASTM, 1916 Race St., Philadelphia, PA 19103, USA. 

1418 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard method for testing fungicides for controUing sap
stain and mold on unseasoned lumber (laboratory method). 
Annual Book o[ ASTM Standards (1985) 04.09, 696-701 [En, 
D4445-84] AS"TM, 1916 Race St., Philadelphia, PA 19103, 
USA. 

1419 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard test methods for sampling and testing creosote. 
Annual Book of ASTM Standards (1985) 04.09, 20-29 [En, 
D38-79 (Reapproved 1984) Editorial change since last reap
proval] ASTM, 1916 Race St., Philadelphia, PA 19103, USA. 

1420 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard method for distillation of creosote and creosote
coal tar solutions. Annual Book of ASTM Standards (1985) 
04.09, 159-166 [En, D246-84] ASTM, 1916 Race St., Philadel
phia, PA 19103, USA. 

1421 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Staodard test method for specific gravity of creosote and oil
type preservatives. Annual Book of ASTM Standards (1985) 
04.09, 177-179 [En, D368-84] ASTM, 1916 Race St., Philadel
phia, PA 19103, USA. 

1422 USA, AMERICAN SOCIETY FOR TESTING AND MATER!· 
ALS Standard test method for specific gravity of creosote frac
tions and residue. Annual Book of ASTM Standards (1985) 
04.09,180-182 [En, D369-84] ASTM, 1916 Race St., Philadel
phia, PA 19103, USA. 

Education and Training 

1423 LATA, P.; VERMA, T. Dissemination of post-harvest 
technology message through women key communicator: differen· 
tial gain in knowledge and recipients profile. Haryana Agricul
tural University Journal of Research (1986) 16 (I) 88-91 [En, 
3 ref., 2 tab.] Coli. Home Sci., Haryana Agric. Univ., Hisar, 
India. 

The gain in knowledge of key communicators in a sample of 
99 women from the village of Meond Begamwali was influenced 
by their age, education, type of family, innovation proneness, 
social/outside contacts, socao-economic status, occupation, land 
holding, communicators' opinion towards the message, informa
tion need, change-agent linkage and communicability. Factors 
such as opinion towards communicator, opinion towards the 
message and information need exerted a si~nificant influence 
over the recipients gain in knowledge regardtng the message on 
post-harvest technology. 

Health, Hygiene and Pathogens 

See also absts. 1656. 1661. 1675. 1685. 1710. 1716 

1424 TODD, E. C. D. Economic loss from foodbome disease 
and non-illness related recalls because of mishandling by food 
processors. Journal of Food Protection (1985) 48 (7) 621-633 
[En, 30 ref.] Bureau of Microbial Hazards, Health & Welfare 
Canada, Tunney's Pasture, Ottawa, Ontario KIA OL2, 
Canada. 

Costs relating to 17 outbreaks of food borne diseases and 3 
non-illness related recalls in North America, Europe and Aus· 
tralia are compared. The 20 incidents discussed mvolved the 
mishandling of 12 different types of processed food, i.e. raw milk 
(I incident), cheese (3), cakes (2), chocolate and cocoa (3), diet 
beverages (1), canned corned beef (4), canned salmon (2), 
canned tuna (1), bean salad (1), chicken (I) and fried rice 
product (1). Direct costs (including cost to industry, medical 
care, loss of income and cost of investigation) and indirect costs 
(arbitrary values calculated by economists including value of 
pain, grief, suffering and death) are itemized and tabulated for 
each incident, and a summary of total costs is presented. 

1425 FELIP, G. DE; TOTI, L. [Food poisoning caused by 
Gram-negative bacteria in milk products.J Infezioni-tossinfezioni 
da germi gram negativi nei prodotti latttero-caseari. Microbio
logie- Aliments- Nutrition (1984) 2 (3) 251-256 [It, en, 14 
ref.] Istituto Superiore di Sanita, Viale Regina Elena 229, 
00161 Rome, Italy. 

The increasing incidence of gastrointestinal infections due 
to Yersinia enterocolitica is considered, and some of the more 
recent studies on the transmission of infection, the properties of 
the enterotoxins and outbreaks of infection transmitted via milk 
are pointed out with respect to Y. enterocolitica, Escherichia 
coli and salmonella. An outbreak of gastroenteritis affecting 
over 100 people in the province of Salerno in 1981 was traced to 
the presence of Salmonella typhimurium in Mozzarella cheese, 
presumably due to secondary contamination. 

1426 ROUHBAKHSH-KHALEGHDOUST, A. [A survey on the 
staphylococcal food-poisoning in some regions of Iran.] Journal 
of Veterinary Faculty. University of Tehran (1985) 40 (I) 27-
40 (from the back) [Pe. en, 20 ref.] Food Hygiene Lab., Minis
try of Health, Tehran, Iran. 

4437 food samples were examined for counts of Staphylo
coccus aureus. Foods studied include: salads, cream cakes, ice 
cream, minced meat, ready-to-eat restaurant dishes, pasteur
ized milk products, and dry and canned foods. Samples impli
cated in food poisoning outbreaks contained >I X 106 S. 
aureusfg. Phage typing, enterotoxin producing ability and 
antibiotics sensitivity of 78 S. aureus isolates were studted. 

., 
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1427 WIT, J. C. DE The importance of band hygiene in 
contamination of foods. Antonie van Leeuwenhoek (1985) 51 
(5/6) 523-525 [En, 2 ref., 3 fig.] Vakgroep Levensmid
deientechnologie, Landbouwhogeschool, Wageningen, 
Netherlands. 

Analysis and Sampling 

See also abst. 1940 

PRESERVATION 

Physical 

1428 RoBERTS, P. B.; SUTTON, H. C. Food irradiation tech
nology and some implications for New Zealand. New Zealand 
Journal of Technology (1986) 2 (I) 11-17 [En, 8 ref., 3 fig., 5 
tab.] lnst. Nuclear Sci., DSIR, Private Bag, Lower Hutt, New 
Zealand. 

The use of irradiation in the food industry world-wide is 
growing steadily, but it is likely to be several years before New 
Zealand industry makes extensive use of the process. The 
design, operation, and likely costs of facilities to provide con
trolled doses of radiation to foods are reviewed. Different 
sources of radiation (60Co, 137Cs, accelerators, and mobile units) 
and a variety of package handling methods are discussed. 

Chemical 

See also absts. 1476-/477, 1828 

FOODSTUFFS - GENERAL 

See also absts. 2072, 2079 

Spoilage and Infestation 

See also absts. 1426, /860, 1891 

1429 CHRISTENSEN, S. G. [Yersinia enterocolitica in 
foods.] Yersinia enterocolitica i levnedsmidler. Dansk Veter
inaertidsskrift (1984) 67 (II) 531-533 [Da] lnst. for Vet. 
Mikrobiol. og Hygiejne, Den Kgl. Veterinaer- og 
Landbohojskole, Copenhagen, Denmark. 

Results of tests in Denmark for Yersinia enteroco/itica in 
samples from meat and delicatessen shops and abattoirs and in 
various types of effluent are discussed, and it is suggested that 
bulk raw milk should also be routinely tested for this organism, 
using a procedure where 50 ml milk is mixed with 450 ml 
phosphate sorbitol buffer (pH 7.6) and held for 3-4 wk at 4°C. 
Contrary to results in other countries, Danish tests have failed to 
detect Y. enterocolitica in raw milk, but this may have been due 
to use of an insensitive detection method. 

1430 CASAS, E. DE LAS F AO's programme on pre•ention of 
food losses. In Proceedings of the Third International Working 
Conference on Stored-Product Entomology. October 23-28, 
1983, Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University (1984, 
reed. 1986) 621-628 [En] Plant Production & Protection Divi
sion, F AO, Rome, Italy. 

This review includes a report that, in data collected from 51 
countries, insects were identified as the most important cause of 
losses in stored products, followed by fungi and rodents. Infor
mation is provided on the FAO action programme on prevention 
of food losses, implementation of activities, results, commodity 
coverage, activity coverage and progress achieved. 

1431 BOER, E. DE Isolation of Yersinia enterocolitica and 
related species from foods. [Abstract]. Antonie van 
Leeuwenhoek (1985) 51 (5/6) 606-607 [En, 3 ref.] Food 
Inspection Service, P.O. Box 9012, 7200 GN Zutphen, 
Netherlands. 
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High isolation rates were found for raw minced pork and 
beef, porcine tonsils and tongues, egg products, raw vegetables 
and surface water. 

Storage 

See also absts. 1495, 1503, 1508, 1585, 1594, 1596. /600-
1601, 1604, 1606, /619, 162/-/622, 1625, /637, 164/, 
1648, 1655, /694, 1702, 1712, 1719 

Techniques 

See also absts. 1448-1449, 1489, 1497, 1517, 1551, 1643, 
/659, 1664. /666, 1671, 1678, /682, 1688, /699-1700, 
1703, 1707-1709, 1713, 1717. 1720-1721,1724,2074 

1432 ENTIS, P. (ET AL.) Rapid hydrophobic grid membrane 
filter method for Salmonella detection in selected foods: colla bo
ra the study. Journal of the Association of Official Analytical 
Chemists (1985) 68 (3) 555-564 [En, 6 ref.] QA Lab. Ltd., 135 
West Mall, Toronto, Ont. M9C 1C2, Canada. 

A collaborative study was carried out in 36 laboratories to 
validate a hydrophobic grid membrane filter (HGMF) method 
for rapid (2-3 days) Salmonella detection by comparing its 
performance against the AOAC/BAM (Bacteriological Ana
lytical Manual) reference method. 6 products were included in 
the study: semi-sweet chocolate, raw ground poultry meat, 
ground black pepper, cheese powder, egg powder and dried skim 
milk. With the exception of the naturally contaminated poultry, 
all products were inoculated in advance with low concn. of a 
variety of Salmonella serotypes. The HGMF method detected 
the following numbers of positive samples (results of the 
AOAC/BAM reference method are shown in parentheses): 
chocolate, 67(68); raw ground poultry, 133(131); ground black 
pepper, 57(56); cheese powder, 81(80); egg powder, 51 (45); and 
dned skim milk, 68(72). The 2 methods d1d not differ signifi
cantly at the 95% confidence level in any of the 6 foods. The 
HGMF method has been adopted official first action for detec
tion of Salmonella in selected foods. 

1433 NEUT, C.; PATHAK, J.; ROMOND, C.; BEERENS, H. 
Rapid detection of Clostridium perfringens: comparison of lac
tose sulfite broth with tryptose-sulfite-cycloserine agar. Journal 
of the Association of Official Analytical Chemists (1985) 68 
(5) 881-883 [En, 18 ref.] 

C. perfringens was detected and enumerated in 17 of 54 
samples of foods and food ingredients with lactose sulphite 
broth (LS), but its presence could be confirmed in only 9 of the 
samples with tryptose-sulphite-cycloserine agar (TSC). In only 
2 instances, C. perfringens was detected on TSC but not in LS. 
A positive response in LS broth incubated at 46°C always corre
sponded to the presence of C. perfringens, whereas the black 
colonies formed on TSC incubated at 37°C were frequently 
found to be C. spp. other than C. perfringens. 

1434 BECKERS, H. J.; LEUSDEN, F. M. VAN; MEIJSSEN, M. J. 
M.; KAMPELMACHER, E. H. Reference material for the evalua
tion of a standard method for the detection of salmonellas in 
foods and feeding stuffs. Journal of Applied Bacteriology 
(1985) 59 (6) 507-512 [En, 13 ref.] Lab. for Water & Food 
Microbial., National Inst. of Public Health & Envir. Hygiene, 
PO Box 1, 3720 BA Bilthoven, Netherlands. 

To evaluate a standard salmonella isolation method, a ref
erence material was prepared consisting of 0.2 g spray-dried 
milk inoculated with Salmonella typhimurium and contained in 
gelatin capsules. The organisms were distributed homogene
ously in the capsules, and their numbers were stable for 120 
days when the capsules were stored in dry conditions at 4°C. 
Addition of these capsules (with or without food samples) to 
pre-enrichment broth gave low and reproducible amounts of S. 
typhimurium contamination without altering the pre-enrich
ment and without influencing the other bacterial flora present. 
As a result of an interlaboratory trial, the reference material 
indicated that the food and for its competitive flora may have an 
adverse influence on the detection of salmonellas. 



1435 LANCETTE, G. A.; PEELER, J. T.; LANIER, J. M. Evalu
ation of an improved MPN medium for recovery of stressed and 
nonstressed Staphylococcus aureus. Journal of the Association 
of Official Analytical Chemists (1986) 69 (I) 44-46 [En, 13 
ref.] Minneapolis Cent. for Microbial. Investigations, 240 Hen
nepin Avenue, Minneapolis, Minnesota 55401, USA. 

Two media used for recovery of food borne Staphylococcus 
aureus were compared: trypticase soya broth w1th 10% salt 
(TSBS) as used in the AOAC method, and TSBS with I% 
sodium pyruvate added (PTSB). Recovery of S. au reus from 70 
replicates of naturally-contaminated Monterey Jack cheese was 
highest in PTSB, with an overall geometric mean of 96/g vs. 
63/g for TSBS. Use of PTSB should improve the recovery and 
enumeration of small numbers of S. aureus and of larger num
bers of both stressed and non-stressed S. aureus cells in foods. 

1436 New detection weapon: listening for fruit fly larvae. 
Citrograph (1985) 70 (10) 233-234 [En] 

The development of a technique using a stethoscope to 
detect insects in fruit, nuts and grain and present evidence of 
their presence through a loudspeaker, an oscilloscope or printed 
graphs is reported from the USA. It could detect, reliably and 
quickly, larvae of Anastrepha suspensa in various fruits; a single 
1-day-old larva in a grapefruit could be detected in a few 
seconds. The feeding habits and growth of A. suspensa in 
grapefruits are being investigated with the aid ofthis technique. 

1437 WRIGHT, V. F.; MILLS, R. B. Estimation of stored
product insect populations in small bins using two sampling tech
niques. In Proceedings of the Third International Working 
Conference on Stored-Product Entomology. October 23-28, 
1983, Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University (1984, 
reed. 1986) 672-679 [En, 2 fig.] Department of Entomology, 
Kansas State University, Manhattan, KS 66506, USA. 

Preliminary evaluation trials of a new pit-fall probe trap for 
insect pests in cereal grains are reported from the USA, with the 
cucujid Cryptolestes pusillus as the test insect. Samples taken 
with the trap were highly dependent on insect behaviour and the 
parameters that affect it, including temperature, relative 
humidity, moisture content of the grain, and grain type and 
condition. 

1438 KOTZEDIDOU-ROUKA, P. T. [Comparison of selective 
media for the enumeration and recognition of enterococci in 
some foods.] Deltion Elliinikes Mikrobiologikiis Etaireias (Acta 
Microbio/ogica He//enica) (1985) 30 (1) 60-72 [Gr, en, 23 ref., 
4 tab.] Section Food Techno!., Agric. Industry, Univ. Thes
saloniki, Greece. 

Five selective media were compared for identifying entero
cocci in some foods. The tested plating media were: Thallous 
Acetate (TA) agar, m Enterococcus (mE) agar, KF Streptococ
cal (KF) agar, Enterococcus Confirmatory (EC) agar and Cit
rate Azide Tween Carbonate (CATC) medium. Samples of 
ham, pastourmas, bacon and frozen vegetables were examined. 
A greater number of enterococci, in comparison to the other 
selective media, were recovered on KF agar and CA TC medium 
from ham samples. mE agar was superior to the other media 
examined for the enumeration of enterococci in pastourmas and 
bacon samples. TA, mE and KF agars and CATC medium were 
suitable for the enumeration of enterococci in frozen vegetables. 
Isolates were identified as Streptococcus faeca/is (7) and S. 
faecium (28) by biochemical and physiological tests. In each 
samples the S. faecium was greater in number in comparison 
with other enterococci. 

1439 NOTERMANS, S. Application ofimmuno-assays in food 
microbiology. [Abstract]. Antonie van Leeuwenhoek (1985) 51 
(5/6) 495 [En, 3 ref.] Lab. Zoonoses Food Microbial., Natn. 
lnst. Public Health Environ. Hygiene, P. 0. Box I, 3720 
Bilthoven, Netherlands. 

The use of immunological techniques to perform epidemio
logical research, to carry out specific detection of microorga
nisms, to trace bacterial toxins and to diagnose food-borne 
infections are discussed. 

1440 BOER, E. DE; HARTOG, B. J.; SEVERIN, W. P. J. Isola
tion of Campylobacter jejuni from clinical specimens and foods. 
[Abstract]. Antonie van Leeuwenhoek (1985) 51 (5/6) 499-
500 [En, 5 ref., 3 tab.] Food Inspection Service, P.O. Box 9012, 
7200 GN Zutphen, Netherlands. 
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Various isolation media for C. jejuni were compared for 
sensitivity and selectivity. 

1441 SMEDT, J. DE Rapid detection of Salmonella spp. in 
foods by motility enrichment on a semi-solid Rappaport-Vas
siliadis medium. [Abstract]. Antonie van Leeuwenhoek (1985) 
51 (5/6) 610-611 [En, 6 ref.] Lab. Leonard Manheim, 2410 
Herentals, Belgium. 

1442 SMITH, M. Comparison of rapid perfringens medium 
and lactose sulfite medium for detection of Clostridium perfr
ingens. Journal of the Association of Official Analytical Chem
ists (1985) 68 (4) 807-808 [En, 4 ref., 2 tab.] FDA, Brooklyn, 
NY 11232, USA. 

In a 3-tube most probable number experimental procedure, 
the number of C. perfringens organisms recovered from spiked 
samples of various foods was several-fold higher with rapid 
perfringens medium (RPM) than with lactose sulphite medium 
(LS) and was close to the numbers inoculated. Levels detected 
in 15 naturally contaminated samples were also higher with 
RPM. Only 13 of the samples were positive for C. perfringens 
with LS. The use of RPM is recommended. 

1443 MEHLMAN, I. J.; ROMERO, A.; WENTZ, B. A. 
Improved enrichment for recovery of Shigella sonnei from foods. 
Journal of the Association of Official Analytical Chemists 

(1985) 68 (3) 552-555 [En, 20 ref., 3 tab.] FDA, Div. 
Microbial., Washington, DC 20204, USA. 

The enrichment technique described is based on anaerobi
osis and an improved medium containing novobiocin. The tech
nique was used with artificially inoculated lettuce, celery, 
brussels sprouts, mushrooms and hamburger. Incubation was 
carried out at 35°C. The technique is applicable to S.jlexneri if 
incubation is conducted at 42°C. 

1444 ANDREWS, S.; PITT, J. I. Selective medium for isola
tion of Fusarium species and dematiaceous hyphomycetes from 
cereals. Applied and Environmental Microbiology (1986) 51 
(6) 1235-1238 [En, 14 ref., 4 tab.] Sch. Chern. Techno!., South 
Australian lnst. Techno!., Adelaide, SA 5000, Australia. 

A selective medium containing 2 pgfml dicloran, 200 
pgfml chloramphenicol and 1.5% bacteriological peptone was 
developed for the isolation of potentially toxinogenic Fusarium 
spp. and dematiaceous hyphomycetes from cereals. The 
medium, designated DCPA, was shown to select against spp. of 
Aspergillus, Penicillium, Cladosporium and mucoraceous 
fungi. DCPA was evaluated for use as an enumeration medium 
and compared satisfactorily with dicloran-rose bengal-chloram
phenicol agar when both media were tested with a range of 
cereal samples. Fusarium spp. and dematiaceous hyphomycetes 
produced well-formed colonies with good conidial production on 
DCPA, permitting rapid identification of such isolates on this 
medium. 

1445 LANCETTE, G. A. Current resuscitation methods for 
recovery of stressed Staphylococcus aureus cells from foods. 
Journal of Food Protection (1986) 49 (6) 477-481 [En, 42 ref., 
1 fig., 2 tab.] FDA, Minneapolis Cent. Microbial. Investiga
tions, Minneapolis, MN 55401, USA. 

Methods and media used to recover stressed and unstressed 
S. aureus cells from foods are reviewed. Most probable number 
methods using Trypticase soy broth with I 0% salt and I% 
sodium pyruvate, a liquid modification of Baird-Parker agar 
and Giolitti and Cantoni's broth with Tween are discussed. 
Direct plating media reviewed are Baird-Parker agar, modified 
Vogel and Johnson agar, egg yolk-free Baird-Parker agar and 
single-step Staphylococcus selective agar. 

Preservation 

See also absts. 1428, 1478-1479, 1595, 1668, 1693, 1695-
1696, 1949, 2041 

Bacterial toxins 

See also absts. 1668, 1678-1680. 1727, 2075 



316 

1446 TIMMERMANS, P. A.; JANSEN, J. T. Examination of 
foods for staphylococcal enterotoxins. [Abstract]. Antonie van 
Leeuwenhoek (1985) 51 (5/6) 496 [En] Food Inspection Ser
vice District of Amsterdam, Microbiological Dep., 1018 BK 
Amsterdam, Netherlands. 

Of various foods sampled during routine inspections of 
restaurants, etc. during a 3-month period, > 10% of non-acid 
and non-heated foods were contaminated with Staphylococcus 
spp. The frequency of S. aureus isolates able to produce one or 
more staphylococcal enterotoxins (SE) was 20-25%. In a labo
ratory experiment, the ability of various SE-producing strs. to 
produce toxins was studied at various temps. on meat. The 
appearance and smell of the meat remained good throughout 
the ex~riment even though it contained as much at 109 staphy
lococcljg and considerable amounts of SE. 

1447 LEDEBOER, A. M.; Bos, A. P. The detection of enter
otoxigenic Escherichia coli by colony hybridization. 
[Abstract]. Antonie van Leeuwenhoek (1985) 51 (5/6) 497-
498 [En, 2 ref.] Unilever Res. Lab., P.O. Box 114, 3130 AC 
Vlaardingen, Netherlands. 

1448 DEBEVERE, J. M.; DAOUD, S.M. Thermonuclease and 
enterotoxin production by Staphylococcus aureus: ecological 
aspects. [Abstract]. Antonie van Leeuwenhoek (1985) 51 
(5/6) 531-532 [En, 4 ref.] Fac. Agric. Sci., State Univ. Ghent, 
9000 Ghent, Belgium. 

The efficiency of thermonuclease production as an indica
tor of S. aureus growth and enterotoxin production in foods was 
studied. 

1449 THOMPSON, N. E.; RAZDAN, M.; KUNTSMANN, G.; 
ASCHENBACH, J. M.; EVANSON, M. L.; BERGDOLL, M. S. 
Detection of staphylococca1 enterotoxins by enzyme-linked 
immunosorbent assays and radioimmunoassays: comparison of 
monoclonal and polyclonalantibody systems. Applied and Envi
ronmental Microbiology (1986) 51 (5) 885-890 [En, 26 ref.] 
Food Res. Inst., Univ., Madison, WI 53706, USA. 

An ELISA system and a RIA system usin~ murine 
monoclonal antibodies detecting the different serologtcal types 
of sta~hylococcal enterotoxin at I ngfml are described. The 
sandwtch ELISA, using pairs of antibodies (coating antibody 
and probing antibody), showed no abnormal interference when 
tested with skim milk and a variety of food extracts. Both this 
ELISA and the RIA method of Miller et a/. [Appl. Environ. 
Microbial. 36 (1978) 421] compared favourably with the 
polyclonal rabbit antibody system currently in usc. The two 
advantages of monoclonal antibody systems are an unlimited 
supply of highly uniform reagents, and the use of cross-reacting 
monoclonal antibodies. 

Fungal toxins (mycotoxins) 

See also absts. 1474, 1480-1482, 1484, 1486-1488, 1513-
1515. 1522-1523, 1525-1527, 1529-1530, 1546, 1560-
1561. 1575, 1581, 1588, 1631, 1642, 1646, 1674, 
1686, 1722-1723, 1725, 2075 

1450 PARK, D. L.; DIPROSSIMO, V.; ABDEL-MALEK, E.; 
TRUCKSESS, M. W.; NESHEIM, S.; BRUMLEY, W. C.; SPHON, ·J. 
A.; BARRY, T. L.; PETZINGER, G. Negative ion chemical ioni
zation mass spectrometric method for confirmation of identity of 
aflatoxin 8 1: collaborative study. Journal of the Association of 
Official Analytical Chemists (1985) 68 (4) 636-640 [En, 9 ref.] 
Food and Drug Administration, Division of Chemistry and 
Physics, Washington, DC 20204, USA. 

Twelve partially purified, dry film extracts from naturally 
and artificially contaminated roasted groundnuts, cottonseed 
and ginger root containing varying quantities of aflatoxin B1 
were analysed by the participating Jabs. Aflatoxin B1 identity 
was confirmed in 19.5, 90.9 and 100% of samples containing < 
5, 5-10 and> 10 ngf~ aflatoxin B1, respecttvely. The method 
has been adopted offictal first action. 

1451 ScHOBER, B. [Mycotoxins- natural poisons in food 
for man and animal.] Mykotoxine - nattirliche Gifte in der 
Nahrung fUr Mensch und Tier. Pj/anzenschutz (1986) No.4, 
15-19 [De, 7 ref., 6 tab.] Inst. Pflanzenschutz in Ackerbau u. 
GrUnland, Braunschweig, German Federal Republic. 
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The physical and biological factors influencing mycotoxin 
production in the field, at harvest and in storage arc outlined. 
Details are given of the occurrence in agricultural products of 
the following mycotoxin-producing fungi and the toxins they 
produce: Fusarium, Claviceps purpurea, Alternaria and the 
storage fungi Aspergillus and Penicillium. Methods of prevent· 
ing mycotoxin contamination of agricultural products are 
briefly discussed. 

1452 DEVI, G. R.; POLASA, H. Diaeetyl - a growth and 
toxin inhibitor of aspergilli. Journal of Stored Products 
Research (1985) 21 (4) 195-197 [En, 9 ref., I tab.] Dep. 
Microbial., Osmania Univ., Hyderabad 500 007, India. 

Diacetyl (2,3-butanedione) inhibited growth and toxin pro
duction of Aspergillus j/avus (aflatoxin), A. versicolor (ster
igmatocystin) and A. ochraceus (ochratoxin) on synthetic liquid 
media and on maize and maize flour. Total growth inhibition of 
A.j/avus and A. versicolor was observed at 250 p.p.m. in liquid 
medium, whereas 3000-4000 p.p.m. were required to inhibit 
growth on maize and maize flour. A. ochraceus required 3000 
and 6000 p.p.m. diacetyl for complete inhibition on liquid 
medium and solid substrates, respectively. 

1453 WATSON, D. H. Toxic fungal metabolites in food. 
CRC Critical Reviews in Food Science and Nutrition ( 1985) 22 
(3) 177-198 [En, 241 ref., 2 tab.] MAFF, Food Sci. Div., 
London, UK. 

This review includes discussion of fungal metabolites and 
their toxicity to mammals. Toxic effects of metabolites pro
duced by various fungi and incidence of various toxic metabo
lites in foods and feeds and assay methods are tabulated. 

1454 MARASAS, W. F. 0.; THIEL, P. G.; RABIE, C. J.; NEL· 
SON, P. E.; TOUSSOUN, T. A. Moniliformin production in 
Fusarium section Liseola. Myco/ogia (1986) 78 (2) 242-247 
[En, 29 ref., 2 tab.] Natn. Res. lnst. Nutritional Dis., South 
African Med. Res. Council, Tygerberg 7505, South Africa. 

Cultures belonging to this group were grown on maize, 
tested for toxicity to ducklings and the toxic strs. analyzed for 
moniliformin content. The only existing culture of F. annulatum 
was nontoxic and did not produce moniliformin. The 149 cul
tures examined represented F. moniliforme [Gibberella 
fujikuroi], F. proliferatum, F. subglutinans [G.fujikuroivar. 
subglutinans], F. anthophilum, F. succisae and a 6th taxon of 
uncertain identity isolated from rice with Bakanae disease. The 
single toxic isolate of F. succisae did not produce moniliformin. 
The 5 other taxa all contained at least some moniliformin
producing strs., but differed in the percentage of strs. that pro
duced moniliformin as well as the amounts produced. 
Moniliformin production by F. proliferatum and F. 
anthophilum is reported for the first time. 

1455 SCOTT, P.M. Repnrt on mycotoxins. Journal oft he 
Association of Official Analytical Chemists ( 1985) 68 (2) 242-
248 [En, 129 ref:] Health & Welfare Canada, Health Protec
tion Branch, Ottawa, Ont. KIA OL2, Canada. 

The current situation on official methods of analysis for 
various mycotoxins, including aflatoxins, Alternaria toxins, 
citrinin, cyclopiazonic acids, ergot alkaloids, ochratoxin, 
penicillic acid, secalonic acids, sterigmatocystin, trichothccenes 
and zearalenone, is reviewed. 

1456 FLANNIGAN, B. Aspergillus clavatus- an allergenic, 
toxigenic deteriogen of cereals and cereal products. Interna
tional Biodeterioration (1986) 22 (2) 79-89 [En, 110 ref., I fig., 
1 tab.] Dep. Brewing & Bioi. Sci., Heriot-Watt Univ., Edin
burgh EH I I HX, UK. 

This review includes discussion of: the natural occurrence 
of A. clavatus in soil and the atmosphere and on plants and 
stored products; the physiology of A. clavatus, including water 
relations, temperature relations, pH of substrate and substrate 
utilization; A. clavalus as a respiratory pathogen, including its 
role in malt worker's lung and other trpes of extrinsic allergic 
alveolitis; mycotoxicoses associated Wtth A. clavatus, particu
larly in cattle, in association with mouldy feeds, and in man, in 
association with beer; and mycotoxins produced by A. clavatus. 
including ascladiol, patulin, tryptoquivaline, tryptoquivalone 
and cytochalasins E and K. 



1457 LENZ, P.; SOSSMUTH, R.; SEIBEL, E. Development of 
sensitive bacterial tests, exemplified by two mycotoxins. Toxi
cology (1986) 40 (2) 199-205 [En, 6 ref., 2 fig., 3 tab.] Inst. 
Microbial., Univ. Hohenheim, D-7000 Stuttgart, German Fed
eral Republic. 

The cup plate assay, based on growth inhibition, was 
optimised with Bacillus thuringiensis as the test organism. B. 
thurinqiensis permitted the detection of kojic acid down to 1.25 
~g. Usmg Serratia marcescens. 12.5 ~g kojic acid and 1.25 ~g 
patulin were detectable by pigment suppression of isolated 
mutants. The wild type was insensitive. 

1458 GAUR, V. K.; SIRANDHANA, B.S. Aflatoxin B1 forma
tion by different isolates of Aspergillus jlavus on maize grains. 
Indian Journal of Mycology and Plant Pathology (1984) 14 (3) 
290-292 [En, 5 ref., I tab.] Rajasthan Call. Agric., Sukhadia 
Univ., Udaipur, India. 

The formation of this toxin by 20 strs. of A.jlavus isolated 
from maize samples collected in various villages in Banswara 
(Rajasthan) on Ganga 5 maize grains is tabulated. Ninety per
cent of the isolates were toxigenic. 

1459 SINHA, K. K.; PREMLATA SINGH Homeopathic drugs 
- inhibitors of growth and aflatoxin production by Aspergillus 
parasiticus. Indian Phytopathology (1983, reed. 1986) 36 (2) 
356-357 [En, 6 ref., I tab.] Post-Graduate Dep. Bot., Bhagalpur 
Univ., Bhagalpur 812 007, India. · 

The effect of 10 drugs, viz. China, Mere. sui., Graphites, 
Hepar sulphur, Phosphorus, Silicea, Dulcamara, Sulphur, Rhus 
Tax. and Baptisia, on aHatoxin production in cultures of this 
fungus was determined. With the exception of Rhus Tax. and 
Hepar sulphur, all the drugs inhibited aflatoxin production by 
> 8%. 

1460 ROMER, T. R. Use of small charcoal/alumina cleanup 
columns in determination of trichotbecene mycotoxins in foods 
and feeds. Journal of the Association of Official Analytical 
Chemists (1986) 69 (4) 699-703 [En, 10 ref., 3 tab.] Romer 
Labs., Inc., PO Box 2095, Washington, MO 63090, USA. 

Small charcoal/alumina cleanup columns were effectively 
used to remove interfering materials from grain, feed and food 
extracts prior to chromatographic determination of 
trichothecene mycotoxins. A thin layer chromatographic 
method was developed that can simultaneously detect part per 
billion concn of deoxynivalenol, fusarenon X, nivalenol, T -2 
toxin, HT-2 toxin, neosolaniol, and diacetoxyscir~enol in food 
and feed samples. Recoveries of 90-99% were obtamed. The use 
of charcoaljalumina cleanup columns in conjunction with liquid 
chromatography and gas chromatography of trichothecenes is 
also discussed. 

1461 UENO, Y.; LEE, U. S.; TANAKA, T.; HASEGAWA, A.; 
MATSUKI, Y. Examination of Chinese and U.S.S.R. cereals 
for the Fusarium mycotox.ins, nivalenol, deoxynivalenol and 
zearalenone. Toxicon (1986) 24 (6) 618·621 [En, 19 ref., I fig., 
I tab.] Dep. Toxicol. Microbial Chern., Fac. Pharmaceutical 
Sci., Sci. Univ. Tokyo, Ichigaya, Tokyo 162, Japan. 

Cereals, foods and feeds sampled 10 Taiwan, China and the 
USSR were found to be contammated with the 3 mycotoxins. 
Results of analyses are tabulated. It is concluded that the fre
quencies and levels of contamination are similar to those 
observed in Japan and Korea. 

1462 RICHARD, J. L. Introduction to some public health 
aspects of the mycotoxin-mycotoxicoses problem. In Proceed
ings of the VI International Conference on the Mycoses. Wash
ington, DC, USA; Pan American Health Organization (1986) 
43-46 [En, II ref.] Natn. Animal Dis. Cent., USDA, P.O. Box 
70, Ames, lA 50010, USA. 

Human diseases where mycotoxin involvement is consid-
ered or suspected are discussed briefly. · 

1463 WILLKENS, G. I. Mycotoxin residues in animal tis
sues. In Proceedings of the VI International Conference on the 
Mycoses. Washington, DC, USA; Pan American Health 
Organization (1986) 72-75 [En] Agway Technical Cent., Ith
aca, NY 14850, USA. 

Recently reported research, regulatory activity and analyt
ical method development for aflatoxins, ochratoxin, zearale
none, T-2 toxin and deoxynivalenol residues in poultry, swine 
and cattle are reviewed briefly. 
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1464 TRENHOLM, H. L.; FRIEND, D. W.; HAMILTON, R. M. 
G.; THOMPSON, B. K.; HARTIN, K. E. Incidence and toxicol
ogy of deoxynivalenol as an emerging. mycotoxin problem. In 
Proceedings of the VI International Conference on the Mycoses. 
Washington, DC, USA; Pan American Health Organization 

(1986) 76-82 [En, 38 ref., 1 fig., 1 tab.] Animal Res. Cent., 
Ottawa, Ont. KIA OC6, Canada. 

This paper summarizes deoxynivalenol (DON) levels 
found in recent surveys of wheat crops in Canada and USA and 
outlines implications of toxicological studies to determine safety 
levels of DON in feeds and foods. Feeding trials have indicated 
that swine can tolerate up to 2 mg DON fkg feed without serious 
deleterious effects while poultry and da1ry cattle can tolerate at 
least 5 mg DON/kg feed. For humans, 2 mg DON/kg in indi
vidual lots of wheat provide at the minimum a several-hundred
fold safety factor. 

1465 REDDY, B. N.; NUSRATH, M.; KUMAR!, C. K.; NAHDI, S. 
Mycotoxin contamination in some food commodities from tribal 
areas of Medak District, Andhra Pradesh. Indian 
Phytopathology (1983, reed. 1986) 36 (4) 683·?86 [~n, 14 ref., 
I tab.] Mycol. Pl. Path. Lab., Dep. Bot., Osmama Umv., Hyder
abad 500 007, India. 

In a survey of mycotoxins in commonly consumed cereal 
foodstuffs in 1981, of 137 samples from houses and markets, 74 
contained mycotoxins ranging in concn from 8 to 750 p.p.b. The 
max. percentage contamination was recorded in maize 
(63.33%), followed by sorghum (60%), broken rice (56.25%), 
ragi (40.54%) and par-boiled rice (33.33%). Aflatoxin B1 was 
reported from all the commodities tested except the par-boiled 
rice. T-2 toxin was noticed in sorghum and broken rice, and in 
the latter substrate ochratoxin A was also found. Citrinin was 
only isolated from par-boiled rice. 

1466 ZHANG, G. S.; LI, S. W.; CHU, F. S. Production and 
characterization of antibody against deoxynivalenol triacetate. 
Journal of Food Protection (1986) 49 (5) 336-339 [En, 22 ref., 
2 fig., 2 tab.] Food Res. Inst., Univ. Wisconsin, Madison, WI 
53706, USA. 

Antibodies against deoxynivalenol-triacetate (Tri-Ac
DON) were prepared by immunizing rabbits with a hemisuc
cinate derivative of 7 ,8-dihydroxycalonectrin conjugated to 
bovine serum albumin. Using tritiated Tri-Ac-DON as the test
ing ligand, antibody titres were observed as early as 4 wk after 
immunization. Useful antibody for radioimmunoassay (RIA) of 
Tri-Ac-DON was obtained from the rabbits 7 wk after immuni
zation, with one booster injection. Competitive RIA revealed 
that the antibody was most specific for Tri-Ac-DON. The rela
tive cross-reactivity of this antibody with Tri-Ac-DON, T-2 
toxin tetra-acetate, 15-acetyl-deoxynivalenol and acetyl-T-2 
toxin was I (most cross-reactive), 0.003, 0.002 and 0.001, 
respectively. Practically no cross-reactivity was observed with 
deoxynivalenol (DON), diacetoxyscirpenol, nivalenol and T-2 
toxin. The detection limit for Tri-Ac-DON by RIA was about 
0.1 ngfassay. The use of this antibody for quantitation and 
confirmation of DON in cereals after acetylation of sample 
extracts is proposed. 

1467 SANCHIS, V.; SALA, N.; PALOMES, A.; SANTAMARINA, 
P.; BURDASPAL, P. A. Occurrence of aflatoxin and aflatox
igenic molds in foods and feed in Spain. Journal of Food Protec
tion (1986) 49 (6) 445-448, 454 [En, 15 ref., 6 tab.] Catedra 
Microbiologi3, E.T.S. I. Agronomos, Univ. Politt~cnica Cata
lufia, 25001 Lleida, Spain. 

A variety of commodities amounting to 338 samples were 
analyzed, comprising cereal grains, mixed feeds, edible nuts, 
wheat flour for bread-making, biscuits, sliced bread, soya beans 
and breakfast cereals. The results revealed a rather low inci
dence of aflatoxin contamination in samples tested. Aflatoxins 
were detected in 4 of 27 samples of mixed feeds at levels below 5 
p.gfkg; one sample of groundnuts was contaminated with 120 p.g 
aflatoxin B1/kg and 22 ~g aflatoxin B2/kg. Aftatoxins B1 and B, 
were also detected in a lot of whole cornflour, averaging 8 and 3 
~gfkg, respectively. Of a total of 288 samples tested, 100% 
showed variable incidences of fungal contamination. Maize 
samples were the ones most frequently contaminated with 
Aspergillus jlavus (54.5%). Strs. of A. jlavus isolated from 
maize samples also showed the highest proportion of aftatox
igenic moulds (17.2%) compared with those isolated from other 
sources. 
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1468 EL-GAZZAR, F. E.; RUSUl, G.; MARTH, E. H. Growth 
and aflatoxin production by Aspergillus parasiticus in the pres
ence of sodium chloride. Journal of Food Protection ( 1986) 49 
(6) 461-466 [En, 21 ref., 12 fig.] Dep. Food Sci., Univ. Wiscon
sin-Madison, Madison, WI 53706, USA. 

Glucose-yeast-salt medium (25 ml) containing 0, 2, 4, 6, 8 
or 10% NaCI was inoculated to contain approx. tO' or 107 

conidia of A. parasiticus NRRL 2999 and then incubated at 13 
or 28°C. Amounts of aflatoxin produced were determined using 
reversed-phase high performance liquid ch:omatography. 
Increasing the NaCI concn reduced accumulation of aflatoxm 
and also induced a lag in growth of the culture. At l3°C the 
mould produced small amounts of aflatoxin after an extended 
lag phase, and NaCI was markedly more inhibitory at 13 than at 
28°C. 

1469 SOARES, L. M. V.; RODRIGUEZ-AMAYA, D. B. Screen
ing and quantitation of ochratoxin A in corn, peanuts, beans, 
rice, and cassaYa. Journal of the Association of Official Analyt
ical Chemists (1985) 68 (6) 1128-1130 [En, 21 ref.] Univ. 
Estadual de Campinas, Faculdade de Engenharia de Alimentos 
e Agricola, C.P. 6121, 13100 Campinas, Sao Paulo, Brazil. 

The technique described involves use of a methanol-aque
ous KCI extraction, cleanup and partition into chloroform. Part 
of the chloroform extract is used for screening on a silica 
gelfaluminium oxide minicolumn and the other part for quanti
tatiOn by thin layer chromatography. The limits of detectiOn are 
80 and 10 l'gfkg, respectively, for screening and quantitation. 
Ammonium sulphate is efficient in cleaning samples of maize 
and cassava; cupric sulphate is better with groundnuts, beans 
and rice. Tests were conducted on triplicate spiked samples of 
yellow maize meal, raw groundnuts, dried black beans, polished 
rice and cassava flour at different levels ( 400, 200, 80, 40 and 10 
l'g/kg). Recoveries ranged from 86 to 160% and the coefficients 
of variation ranged from 0 to 20%. 

1470 SUNDlOF, S. F.; STRICKlAND, C. Zearalenone and 
zeranol: potential residue problems in lh·estock. Veterinary and 
Human Toxicology (1986) 28 (3) 242-250 [En, 97 ref.] CoiL 
Vet. Med., Univ., Gainesville, Florida, USA. 

This review deals with zearalenone production by 
Fusarium species, clinical signs and lesions in cattle, swine and 
fowl, residues, assay in feeds, treatment of intoxicated animals 
(zeolite), and prevention. Although residues in meat and milk 
have been suggested as a possible cause of premature sexual 
development in children, data from pharmacokinetic studies in 
fowls and cattle do not support this theory. However, no studies 
have been made in cattle given excessive doses of zeranol or 
slaughtered prematurely, nor in unapproved species such as 
poultry and swine. 

1471 SYLVIA, V. L.; PHilliPS, T. D.; CLEMENT, B. A.; GREEN, 
J. L.; KUBENA, L. F.; HEIDElBAUGH, N. D. Determination of 
deoxynivalenol (vomitoxin) by high-performance liquid chroma
tography with electrochemical detection. Journal of Chroma
tography (1986) 362 (I) 79-85 [En, 13 ref.] Dep. Vet. Pub!. 
Hlth, A&M Univ., College Station, TX 77843, USA. 

The rapid method described had a detection limit for deox
ynivalenol of 25 pg/ 1'1 in crude grain extracts and may facilitate 
its determination and that of associated metabolities in animal 
tissues. 

ANIMAL FEEDS 

See also absts. 1460-/461 

1472 WilKIN, D. R.; THIND, B. B. Stored product mites 
detection and loss assessment in animal feed. In Proceedings of 
the Third International Working Conference on Stored-Prod
uct Entomology. October 23-28, /983, Kansas State Univer
sity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 608-620 [En, 30 
ref.] MAFF Slough Laboratory, Berks., UK. 

In this review, the development of a technique for 
extracting and quantifying mites from animal feed is discussed, 
and it is shown from experiments in the UK that mites, espe
cially Acarus siro, occur widely in feed for cows and pigs, reduc
ing the palatability of feed for cows and the growth rate of pigs. 
Chemical assay of infested feed has revealed a reduction in the 
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level of nitrogen in amino acid form, as compared with 
uninfested material. 

1473 ZDARKOVA, E.; HoRAK, E. rrheeffect of mixing, mill
ing and granulation on the mortality of mites in feed mixture 
production.) Vliv miseni, Srotovani a granulov,ani na mortalitu 
roztoM pli vyrobe krmnych smesi. Sbornik UVTTZ, Ochrana 
Rostlin (19_85) 21 (4) 275-280 [Cs, en, de, ru, 11 ref.] 
Vyzkumny Ustav Potravim\fskeho Priimyslu, ISO 38 Prague 5, 
Czechoslovakia. 

Studies carried out in Czechoslovakia showed that mixing 
of raw materials during the process of feed mixture production, 
especially when associated with suction, resulted in an 86-88% 
reduction in mite population (the dominant species being Aca
rus siro), while milling resulted in a 98% reduction. The final 
powdery mixture contained 94-98% fewer mites than the raw 
materials from which it was prepared. However, if the mixture 
was stored in an environment where the relative air humidity 
was greater than 70% (the lower limit at which acarid mites are 
able to reproduce), those individuals that survived could found a 
new population within a few weeks which then increased at a 
high rate. Only the process of granulation resulted in 100% mite 
mortality, and it is recommended that infested raw materials 
should be processed, if possible, in plants with granulation 
facilities. 

1474 ABBAS, H. K.; MIROCHA, C. J.; TUITE, J. Natural 
occurrence of deoxynivalenol, 15-acetyl-deoxynivalenol, and 
zearalenone in refusal factor corn stored since 1972. Applied 
and Environmental Microbiology (1986) 51 (4) 841-843 [En, 
17 ref., I fig., I tab.] Dep. Pl. Path., Univ. Minnesota, St. Paul, 
MN 55108, USA. 

Two samples of"refusal factor" maize, one stored frozen in 
Minnesota and one stored dry in Indiana since 1972 or 1973, 
were analyzed for the presence of Fusarium spp. and F. toxins. 
Both samples were from maize refused by swine in Indiana from 
1972 to 1973. Sample FS 808 (stored in Indiana) contained 20 
p.p.m. deoxynivalenol (20 l'g/g), 16 p. p.m. 15-acetyl-deox
ynivalenol, 5 p.p.m. zearalenone and 0.2 p.p.m. a-zearalenol. 
Sample FS 362 (stored in Minnesota) contained 3 p.p.m. deox
ynivalcnol, I p.p.m. 15-acetyl-deoxynivalenol and 0.3 p.p.m. 
zearalenone. This is the first report of 15-acetyl-deoxynivalenol 
occurring naturally in refusal factor maize and it may account 
in part for the refusal that could not be solely attributed to 
deoxynivalenol. 

1475 BERCHIERI JUNIOR, A.; AVIlA, F. A. DE; PAUllllO, A. 
C.; SCHOCKEN-ITURRINO, R. P.; MARQUES, M.A. DA S.; MAT· 
SUDA, H. J. (Salmonella in meals from animal sources used for 
rations.] Pesquisa de salmonelas em farinhas de origem animal 
utilizadas no preparo de ra~oes. Cientifica ( 1983) 11 (2) 165-
168 [Pt, en, 16 ref., 2 tab.] Dep. Patol. Vet., UNESP, 14.870 
Jaboticabal, SP, Brazil. 

Samples of meal (258) from animal sources were studied. 
Of these, 118 samples were of meat meal, 102 of feather meal, 
II of blood meal, I 0 of fish meal, 8 of bone meal, 3 of oyster 
meal, 3 of egg meal and 3 of visceral meal. The presence of 
Salmonella was detected in 20 (8%) samples, 16 from meat 
meal and 4 from feather meal. Fourteen serotypes of Salmo
nella were isolated and the most frequent was S. anatum. 

1476 MAGAN, N.; LACEY, J. Water relations and metabo
lism of propionate in two yeasts from hay. Journal of Applied 
Bacteriology (1986) 60 (3) 169-173 [En, 15 ref., 2 fig., 3 tab.] 
Rothamsted Exp. Sta., Harpenden, Herts ALS 2JQ, UK. 

Many yeasts and bacteria were isolated from moist hays 
(> 30% water content) treated with up to 3% propionic acid
based preservatives. Predominant yeasts were Candida gui/
liermondii var. guilliermondii and Hyphopichia burtonii. 
Growth of both species was decreased more than 50% in liquid 
medium containiing 54 mmolflitre ammonium propionate but 
some still occurred in 135 mmolflitre P.ropionate. Both metabo
lized between 80 and 85% of 27 mmoljlitre ammonium propion
ate in 1% malt broth within four weeks at 25°C. Growth on solid 
malt extract agar containing ammonium propionate was 
decreased by decreasing the water availability (water activity, 
aw) in the medium. Growth rates were slightly greater when 
glycerol rather than NaCl was used to alter a. in the range 
0.995 to 0.93. At both 0.995 and 0.95 a. optimum growth was at 
pH 6. The significance of these findings with regard to the 
preservation of moist hay is discussed. 



1477 MAGAN, N.; LACEY, J. The effects of two ammonium 
propionate formulations on growth in vitro of Aspergillus spe
cies isolated from hay. Journal of Applied Bacteriology (1986) 
60 (3) 221-225 [En, 15 ref., 4 tab.] Rothamsted Exp. Sta., 
Harpenden, Herts ALS 2JQ, UK. 

The efficacy of fully neutralized (AP) and half-neutralized 
ammonium propionate (H-AP) against growth of a number of 
A. spp. was determined in vitro on malt extract at different 
levels of water availability in the range 0.995-0.85 a. (water 
activity) (;40-25% water content of hay). In general, A.jiavus, 
A.fumigatus, A. nidu/ans, A. niger and A. versicolor were more 
sensitive to the H-AP in the range 0.995-0.95 a. than to AP. At 
0.90 and 0.85 a. growth of most species occurred in the absence 
of chemicals but only of a few species in 27 mmol/litre AP. All3 
memebers of the A. glaucus grouP. tested, A. amstelodami. A. 
repens and A. sejunctus, were simtlarly more sensitive to H~AP 
over the aw range 0.95-0.85 than to AP. A. sejunctus was most 
tolerant, growing in 27 mmol/litre H-AP and 54 mmol/litre AP 
at 0.85 a •. The number of days for growth initiation in 27 
mmol/litre H-AP was greater than with AP at different levels of 
water availability and reflected the different effects of the two 
chemicals on growth rate. 

1478 VANSELOW, D. G.; ROCHANDA, L.; PURWADARIA, T.; 
BARCH lA, 1.; TJAHJONO, L. S. Preserving poultry feeds in the 
humid tropics: a trial of calcium propionate under feed mill 
conditions. Journal of Stored Products Research (1985) 21 (I) 
1-5 [En, 8 ref., 4 fig., 2 tab.] Res. Inst. Anim. Production, P.O. 
Box 123, Bogar, Indonesia. 

Calcium propionate was incorporated into complete poul
try feed and a feed concentrate at 0, 0.3, 0.4 and 0.6% and the 
feed was stored in 25 kg woven sacks in a feed mill; air temp. 
ranged from 22 to 34 °C and relative humidity from 67 to 93%. 
Mould growth was measured microbiologically and by measure
ment of feed temp. All levels of treatment depressed total fungal 
counts, but only 0.6% calcium propionate decreased the Asper
gillus flavus count. Treatment did not greatly affect heating of 
feed. It is concluded that the storage life of well dried poultry 
feed in porous sacks is not greatly increased by calcium 
propionate. 

1479 VANSELOW, D. G.; LOWRY, J. B.; KOMPIANG, I. P. 
Presening poultry feeds in the humid tropics: the use of calcium 
propionate, clove leaf meal and a vapour barrier. Journal of 
Stored Products Research (1985) 21 (I) 7-11 [En, 4 ref., I fig., 
I tab.] Res. Inst. Anim. Production, P.O. Box 123, Bogar, 
Indonesia. 

Ground maize kernel wa~reserved with calcium propion
ate (0.3%), clove leaf meal (l'fo) and plastic bags, singly and in 
combination. The maize was stored in a warm, humid environ
ment and its temp. measured as a measure of mould growth. 
Clove leaf meal was effective for 11 days, calcium propionate for 
80 days and the plastic bags for about I 00 days. 

1480 SODHI, H. S.; GARCHA, H. S.; KIRAN, U. Screening of 
mycoflora of spent-up brewer's grains for aflatoxin production. 
Journal of Research, Punjab Agricultural University ( 1985) 22 
(2) 331-336 [En, 9 ref., 2 tab.] Dep. Microbial., Punjab Agric. 
Univ., Ludhiana, India. 

Aspergillus fumigatus, A. niger, A. sp., Fusarium 
oxysporum, F. sp., Mucor sp., Penicillium sp. and Rhizopus sp. 
were isolated by drawing samples at periodic intervals of storage 
and screened for their ability to produce afiatoxins (B1, B2, G1 
and G2). Of the isolates, A.fumigatus, A. niger, A. sp., M. sp. 
and P. sp. were found to produce aftatoxins. The incidence of 
aflatoxin B1 ranged from 0.006-0.030 p.p.m. and this may pose a 
problem if fed to cattle as a whole or part of the ration. 

1481 MURUGANANDAN, B.; KARUNAMOORTHY, G.; 
NAGARAJAN, R. Aflatoxin in poultry and rapid screening 
method. Poultry Adviser (1986) 19 (5) 65-67 [En] Poultry Res. 
Dev. Cent., Trichirapalli, Tamil Nadu, India. 

AHa toxicosis in poultry is briefly discussed. A rapid-screen
ing method, the black light technique by which contaminated 
feed samples fluoresce bright green-yellow, is described. 

1482 PENNINGTON, L. J. Thin layer chromatography and 
densitometric determination of aflatoxins in mixed feeds con
taining citrus pulp. Journal of the Association of Official Ana
lytical Chemists (1986) 69 (4) 690-696 [En, 14 ref., 4 fig., 3 
tab.] Food and Drug Admin., Atlanta, GA 30309, USA. 
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A method for the accurate one-dimensional thin layer chro
matographic (TLC) determination of aftatoxins B, B2, G1 and 
G2 in mixed feeds is presented. The aftatoxins are extracted 
from the sample with chloroform and purified by solvent parti
tioning. Each aflatoxin is separated from pulp interference by 
TLC on aluminium-backed silica plates. The separated aftatox
ins are detected by fluorescence densitometry. Av. recoveries for 
samples spiked from 10 to 100 p.p.b. B1 and G1 and from 3 to 30 
p.p.b. B2 and G2 are 82, 84, 95 and 94% for B1, B2, G1 and G2, 

respectively. The above recovery data, when analyzed for over
all method repeatability, produced relative standard deviations 
of 6.8, 4.3, 6.9 and 7.6% for 8 1, 8 2, G1 and G2, respectively. The 
min. detection level was less than I p.p.b. for each aflatoxin. B1 
is confirmed by triftuoroacetic acid derivative formation on a 
silica TLC plate. 

1483 0GUNDERO, V. W.; OSUNLAJA, S. 0. The purification 
and activities of an alkaline protease of Aspergillus c/avatus 
from Nigerian poultry feeds. Journal of Basic Microbiology 
(1986) 26 (4) 241-248 [En, 15 ref., 6 fig., 2 tab.] Dep. Bot. 
Microbial., Univ. lbadan, lbadan, Nigeria. 

The production and purification of the alkaline protease of 
an isolate of A. clavatus from stored poultry feed is described. 
Because of the health risks posed to farm animals, particularly 
in the humid tropics, by A. clavatus, cautious handling of poul
try feeds during production and storage is suggested. 

1484 THIEL, P. G.; HELDERBLOM, W. C. A.; MARASAS, W. F. 
0.; NELSON, P. E.; WILSON, T. M. Natural occurrence of 
moniliformin and fusarin C in corn screenings known to be 
hepatocarcinogenic to rats. Journal of Agricultural and Food 
Chemistry (1986) 34 (5) 773-775 [En, 18 ref., I tab.] Natn. 
Res. lost. Nutritional Diseases. South African Med. Res. Coun
cil, Tygerberg 7505, South Africa. 

A sample of maize screenings associated with a field out
break of leukoencephalomalacia in horses in Pennsylvania and 
shown to be hepatocarcinogenic in rats was analyzed chemically 
for the presence of the Fusarium metabolites moniliformin, 
fusarin C, T-2 toxin and diacetoxyscir~cnol. The maize screen
ings were found to be naturally contammated with moniliformin 
and fusarin C at levels of 2.82 and 0.39 mg/kg, respectively, 
while no T-2 toxin or diacetoxyscirpenol could be detected. This 
is the first report of the natural occurrence of both moniliform in 
and fusarin C in maize in the U.S. It is concluded that it is 
unlikely that moniliformin was involved in either the equine 
leukocncephalomalacia or hepatocarcinogencsis while it is 
unknown whether fusarin C plays any role in the aetiology of 
these 2 syndromes. 

1485 ALEKSANDROV, M. [fhe mycoflora of hay and straw.] 
Veterinarnomeditsinski Nauki (1986) 23 (4) 61-65 [Bg, ru, en, 
21 ref.] Cent. Vet. Res. Inst., Sofia, Bulgaria. 

Hay and straw samples were examined for spores at harvest 
and after 4-5 months storage. Alternaria tenuis [A. alternata] 
occurred most frequently (85% on hay and up to 100% on 
straw), followed by Aspergillusfumigatus, Mucor hiemalis and 
Penicillium sp. Fusarium, Chaetomium, Scopulariopsis, 
Cladosporium, Trichoderma and Stachybotrys alternata were 
found less often. 

1486 MOLLER, T.; LEPOM, P. [Detection of T-2 toxin and 
diacetoxyscirpenol in roughage feedstuffs with brine shrimp 
(Artemia salina L.) larvae.] Nachweis von T-2-Toxin und 
Diacctoxyscirpenol in Grobfuttcrstoffcn mit Salinenkrebslarven 
(Artemia salina L.). Monatsheftefiir Veteriniirmedizin (1985) 
40 (14) 486-489 [De, ru, en, 21 ref.] Inst. Feedstuff Production, 
DDR-1551 Paulinenaue, German Democratic Republic. 

Larvae responded sensitively to trichothecenes. LC50 values 
were 0.32 ~g/ml forT-2 toxin and 0.55 ~gfml fordiacetoxyscir
penol. A simple method for sample preparation and biotesting is 
described. The lower thresholds for detection are 0.5 p.p.m. for 
hay, straw and maize, and I p.p.m.for maize and wilted 
ensilage. 
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1487 SANDOR, G.; KOVACS, F.; V ANYI, A. [Complex investi
gation of the storage and feeding value of wet (by fermentation) 
preserved maize. 4. Incidence of storage moulds and their toxins.] 
A nedvesen (erjesztve) tart6sitott kukorica taroh\sanak es 
takarmdnyCrtCkCnek komplex vizsglllata. 4, A raktoiri penCszek 
es toxinjainak eliiforduh\sa. Magyar Allatorvosok Lapja 
(1984) 39 (12) 729-732 [Hu, ru, en, de] Tabornok u. 2., 1149 
Budapest, Hungary. 

Incidence of contamination was studied in 840 basic fodder 
and 1750 mixed feed samples. The presence of toxins produced 
by storage moulds was examined in 55 and 115 ensiled maize 
samples; one or more toxins was present in 33 and 24% of 
samples. respectively. Presence of ochratoxin-A was most com
mon; patulin was also found in 8 samples. Aflatoxin was not 
found in any sample. Toxin-producing capacity in artificial 
nutrient solution and in feed raw materials was estimated using 
100 aspergillus and 100 penicillium strains from the mould 
flora. Nineteen and 29 samples, respectively, produced one or 
more mycotoxins. 

1488 SANDOR, G.; BATA, A.; VANYI, A.; KOVACS, F. (Com
plex investigation of tbe storage and feeding value of wet (by 
fermentation) preserved maize. 5. Incidence of Fusarium toxins.] 
A nedvesen (erjesztve) tart6sitott kukorica tdro1<1s:inak Cs 
takarf!!<lnyertCkCnek kompl~ vizsg:ilata. 5. A Fusarium-toxi
nok elofordulasa. Magyar Allatorvosok Lapja (1984) 39 (12) 
733-737 [Hu, ru, en, de, 14 ref.] Tabornok u. 2., 1149 Budapest, 
Hungary. 

Of 66 samples of ensiled maize, 25 had one or more 
Fusarium toxins. T -2 toxin, diacetoxyscirpenol, deoxynivalenol 
and zearalenone were present in some samples. 

1489 D'AOUST, J. Y.; SEWELL, A.M. Slow rehydration for 
detection of Salmonella spp. in feeds and feed ingredients. 
Applied and Environmental Microbiology (1986) 51 (6) 1220-
1223 [En, 20 ref.] Bureau Microbial Hazards, Hlth Prot. 
Branch, Hlth Welfare, Ottawa, Ont., Canada KIA OL2. 

Rehydration and equilibration (4 h) of feeds and feed 
ingredients at waterfsample ratios (volfwt) of 1.4 to 3.2 did not 
greatly increase recovery of Salmonella spp. in the slurry when 
analysed by standard culture and direct enrichment methods. 
Of 143 naturally contaminated samples examined, equilibration 
increased detection from I 06 to I 09 positive samples by the 
standard culture method and from 103 to 112 by direct enrich
ment. Results suggest that nonhomogeneous distribution of low 
numbers of salmonellae in test samples rather than an equilibra
tion-dependent response provided for the observed heterogene
ity in recovery. The equilibration method is of limited 
application and requires validation for individual food samples. 

1490 JONAS, K. [Feeding of heavily mildewed beet leaves to 
dairy cows and breeding sows.) Zur Verfiitterung von RUben
blatt mit starkem Mehltaubelall an Milchklihe und Zucht
sauen. Monatsheftefiir VeterinBrmedizin (1986) 41 (10) 341-
344 [De, en, ru, I ref.] Haferbreiter Weg 132, DDR-3500 
Stendal, German Democratic Republic. 

Fresh beet leaves, supporting an abundant growth of the 
mildew fungus Erisyphe betae, were fed to 2 herds of milking 
cows (average 375 and 843 animals), and one herd of sows. 
Ensiled leaves were fed to another herd with about 415 cows. 
Each cow was given 30-70 kg and the sows 24 kg of the leaves 
daily. There was no adverse effect detectable clinically, bio
chemically or haematologically. Neither yield nor quality of 
milk was impaired. 

GRAIN AND PULSES 

See also absts. 1437, 1444, 1456, 1465, /471, 1851, 1867, 
208/ 

1491 SMITH, L. B. Insect infestation in grain loaded in 
railroad cars at primary elevators in southern Manitoba, 
Canada. Journal of Economic Entomology (1985) 78 (3) 531-
534 [En, 4 ref., I fig.] Agriculture Canada, Research Station, 
Winnipeg, Manitoba, R3T 2M9, Canada. 

Infestations with Cryptolestes ferruq_ineus were detected in 
the grain loaded in 47 (38%) of 125 rail cars in 1977 and 72 
(53%) of 136 cars in 1978 at primary elevators near Winnipeg, 
Manitoba. The grain loaded in about half of the cars con tamed 
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larvae only. Mites were found in the grain loaded in 78 and 90% 
of the railroad cars in 1977 and 1978, respectively. Other insects 
found, in order of decreasing frequency, were psocids, dermestid 
larvae, Lathridiidae and Cryptophagidae. Oryzaephilus 
surinamensis, Tribolium castaneum, Palorus subdepressus, 
Tenebrio molitor and Sitophilus granarius were found in the 
grain loaded in 5 or fewer cars in 1977 and 1978. No more than 
6% of the infested carloads found at primary elevators were 
detected by inspectors at terminal elevators. Less than 5% of the 
carloads of grain sampled contained C.ferrugineus from grain 
delivered directly from the farm. 

1492 WILLIAMS, P. Toxicity of methyl bromide in carbon 
dioxide-enriched atmospheres to beetles attacking stored grain. 
General and Applied Entomology (1985) 17, 17-24 [En, 15 
ref.] Plant Research Institute, Department of Agriculture, 
Burnley, Victoria 3121, Australia. 

The potential for increasing the toxicity of methyl bromide 
to grain insects by using it in carbon dioxide-enriched storage 
atmospheres was mvestigated. Laboratory experiments demon~ 
strated that the methyl bromide concentration required to kill 
adults of Sitophilus oryzae, Rhyzopertha dominica and 
Tribolium castaneum could be reduced by a factor of 2 when 
the fumigant was used in conjunction with an atmosphere con
taining 20% or more of carbon dioxide. Such gas combinations 
were effective under a wide range of temperatures and relative 
humidities. 

1493 MCGAUGHEY, W. H. Evaluation of Bacillus thur
ingiensis for controlling Indianmeal moths (Lepidoptera: 
Pyralidae) in farm grain bins and elevator silos. Journal of 
Economic Entomology (1985) 78 (5) 1089-1094 [En, II ref.] 
US Grain Marketing Research Laboratory, ARS, USDA, 
Manhattan, Kansas 66502, USA. 

Tests were carried out over a 5-state area (Illinois, Iowa, 
Kansas, Nebraska and Oklahoma) to evaluate the effectiveness 
of Bacillus thuringiensis in controlling Plodia interpunctel/a in 
stored grain. Infestations in wheat were reduced by 50-60% 
and in maize by more than 80%. Dust and wettable powder 
formulations were equally effective. Treatment of grain in the 
auger as it was elevated into the bin gave uniform distribution of 
both formulations. Application by raking the formulations into 
the surface layer of filled bins gave acceptable distribution of the 
dust, but poor distribution of the wettable powder formulation. 
Control was not as good with rake-in application of the wettable 
powder formulation to wheat. Spray volume had no effect on 
distribution or effectiveness of wettable powder treatments, but 
a reduced volume of 326 mljm2 was easier to apply than the 
current label rate of 815 ml/m2

• 

1494 WHITE, N.D. G. Uptake of malathion and pirimiphos
methyl by rye, wbeat, or triticale stored on treated surfaces. 
Journal of Economic Entomology (1985) 78 (6) 1315-1319 
[En, 23 ref.] Research Station, Agriculture Canada, Winnipeg, 
Manitoba, R3T 2M9, Canada. 

In laboratory studies in Canada, rye, wheat or triticale 
grain were stored for up to 8 months at 22•c in cylinders on fir 
plywood or galvanized steel panels treated with malathion or 
pirimiphos-methyl at a rate of 0.5 g a.i.fm2 or on untreated 
panels. Top (2-4 em from the panel surface) and bottom (0-2 
em from the panel surface) samples were taken at regular inter
vals. Grain moisture content was low, ranging from 6.1 to 9. 6%. 
Bioassay tests of the grain with adults of the cucujid 
Crypto/estes ferrugineus resulted in negligible mortality in top 
samples but high mortality in bottom samples. Mortality, which 
decreased with storage duration, was often higher in grain on 
surfaces treated with malathion than on those treated with 
pirimiphos-methyl. Insecticide residue levels did not exceed 0.8 
p.p.m. in top samples and generally declined between 1 and 8 
months of storage, while those in bottom samples usually 
increased with time. Residue levels in top samples on both sur
faces showed no significant differences after 8 months. The 
maximum residue levels in bottom samples of rye were 14.3 
p.p.m. for malathion from wood and 13.5 p.p.m. for pirimiphos
methyl from steel, those for wheat were 8.3 p.p.m. for malathion 
from steel and 5.8 p.p.m. for pirimiphos-methyl from steel, and 
those for triticale were 8.4 p.p.m. for malathion from steel and 
7.2 p.p.m. for pirimiphos-methyl from steel. Insecticide levels 
were highest in rye and lowest in wheat. 

1 
I 



1495 AUSTRALIAN CENTRE FOR INTERNATIONAL AGRICUL
TURAL RESEARCH Grain storage research. In Annual report 
1984-85. For the period I July /984to 30 June 1985. Austra
lia; Australian Centre for International Agricultural Research 
(1985} 22 [En, l fig.] 

A review is presented of investigations based in Australia 
on grain storage research for the humid tropics of South-East 
Asia, especially Malaysia, Thailand and the Philippines. The 
topics dealt with include grain drying, pesticide use (in stored 
wheat and rice, resistance to malathion having been found to be 
widespread in stored-grain insects in South-East Asia), mois
ture movement, storage under plastic covers and socioeconomic 
studies. 

1496 COOMBS, C. W.; PORTER, J. E. Some factors affecting 
the infestation of wheat and maize by Sitophilus oryzae (L) and 
Sitophilus zeamais Mots. (Coleoptera: Curculionidae). Journal 
of Stored Products Research (1986) 22 (l) 33-41 [En, 28 ref., 2 
fig.] Slough Laboratory, Ministry of Agriculture, Fisheries & 
Food, Slough, Berks, SL3 7HL, United Kingdom. 

Cultures of various stocks of Sitophilus zeamais were 
maintained for several generations at 25°C and 70% RH on 
both wheat and maize, on only one of these foods, or on rice. In 
every generation a subsample of adults was placed in a mixture 
of wheat and maize (equal weights of each) for 5 days, after 
which the 2 cereals were separated and incubated and the num
ber of progeny counted. A substantial majority of S. oryzae and 
much less substantial majority of S. zeamais emerged from 
wheat. In both species, the majority was a little less when the 
laying adults had passed their developmental stages upon maize 
or rice. In alternate generations, the foods were presented to 
another subsample in separate piles 40 em apart. The progeny 
distribution was very similar to that found with intermingled 
foods. In intervening generations, the foods were presented to S. 
zeamais in suspended bags which could only be reached by 
flight. When this occurred, more emergences, in many cases 
over 90%, were found from maize than wheat. When the adults 
associated with the suspended bags were counted at the end of 
the 4-day experiment, the numbers were as one would expect 
from the emergences. When similar counts were made daily, 
however, approximately equal numbers were found associated 
with each food, and observations suggested that directional 
Hight by females did not take place. 

1497 LOSCHIAVO, S. R.; WONG, J.; WHITE, N.D. G.; PIERCE, 
H. D., JR.; BORDEN, J. H.; OEHLSCHLAGER, A. C. Field evalu
ation of a pheromone to detect adult rusty grain beetles, 
Cryptolestes ferrugineus (Coleoptera: Cucujidae), in stored 
grain. Canadian Entomologist (1986) 118 (l) 1-8 [En, fr, 10 
ref., l fig.] Research Station, Agriculture Canada, Winnipeg, 
Manitoba, R3T 2M9, Canada. 

Insect detection traps baited with the synthetic aggregation 
pheromones of Cryptolestes ferrugineus were inserted into 
grain stored in primary elevator annexe bins and in farm bins, or 
suspended in partly full or empty bins and outside under the 
eaves of bins in Manitoba. A mixture of ferrulactone I 
((4E,8E)-4,8-dimethyl-4,8-decadienolide) and ferrulactone II 
((Z)3-dodecen-11-olide) was released from hollow polyester fib
res in the traps. In annexe bins, the number of beetles found in 
baited traps after I week ranged from 0 to 7300. In these bins, 
more beetles were found in traps at a depth of 30-60 than at 
150-250 em, and in traps with 2 fibres containing pheromone 
rather than with I fibre. In farm bins, baited and unbaited traps 
were relatively ineffective at temperatures below l4°C. More 
beetles were found in baited than unbaited traps in farm bins, 
but the numbers were small and the differences were not signifi
cant. Few beetles were found in traps suspended in partly full or 
empty farm bins and none in traps suspended outside under the 
eaves. 

1498 GREENING, H. G. Insect pests of stored grain. 
Agfacts (1985) No. PI.AE.l, 10 pp. [En, many fig. (! col.)) 
Entomology Branch, Biological & Chemical Research Institute, 
Rydalmere, New South Wales, Australia. 

The recognition, biology, injuriousness and control of about 
30 species of arthropods (Lepidoptera, Coleoptera, psocids and 
Acari) that infest stored grain in New South Wales are 
described. 
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1499 LESSARD, F. F. Feasibility and results of population 
dynamics studies on stored grain insects in small scale bins with 
simulated climatic conditions. In Proceedings of the Third 
International Working Conference on Stored-Product Ento
mology. October 23-28, /983, Kansas State University, Man
hattan, Kansas USA. Manhattan, Kansas, USA; Kansas State 
University (1984, reed. 1986) 68-77 [En, 2 ref., 5 fig.] 
Laboratoire de Recherches sur les Insectes des Denrees, INRA, 
Centre de Recherches de Bordeaux, BP 131, F 33140, Pont de Ia 
Maye, France. 

The practicability of using small-scale experiments to 
study the population dynamics of insect pests of grain in bulk 
storage was mvestigated in the laboratory in France. Tropical 
conditions were simulated with Rhyzopertha dominica in sor
ghum, Mediterranean conditions were simulated with R. domi
nica (in competition with Sitophilus oryzae) in durum wheat, 
and temperate conditions were simulated with S. oryzae in soft 
wheat. The results presented indicate that centralized monitor· 
ing of grain storage without the need for tedious human work 
within bins could minimize insecticide use and insect damage. 

1500 DAVIS, R. A review of in-transit shipboard fumigation 
of grain - methodology, efficacy and safety. In Proceedings of 
the Third International Working Conference on Stored-Prod· 
uct Entomology. October 23-28, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 346-356 [En, 43 ref.] 
Stored-Product Research & Development Laboratory, ARS, 
USDA, PO Box 22909, Savannah, Georgia 31403, USA. 

This review includes a description of methods that have 
been developed since 1976 for fumigating grain in ships with 
phosphine; the adult and immature stages of Sitophilus spp., 
Rhyzopertha dominica and Tribolium castaneum are used for 
bioassay purposes. 

1501 BANKS, H. J.; RIPP, B. E. Sealing of grain storages for 
use with fumigants and controlled atmospheres. In Proceedings 
of the Third International Working Conference on Stored
Product Entomology. October 23-28, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 375-390 [En, 30 ref., I fig.] 
CSIRO Division of Entomology, GPO Box 1700, Canberra, 
ACT 2601, Australia. 

Some of the developments and experience in Australia with 
sealed storage for dry grain (to a standard permitting the use of 
fumigation or controlled atmospheres) are reviewed. The topics 
dealt with include sealed storage capacity in Australia, research 
into matters associated with sealing, testing of sealing processes, 
costs of sealing, engineering modifications required for sealed 
storage, detecting leaks, problems associated with sealed stor
age and the degree of insect protection afforded by sealed sys
tems. Although a few technical problems remain, generally the 
process has been found to be industrially acceptable. 

1502 HORBER, E. Principles, problems, progress and poten
tial in host resistance to stored-grain insects. [Review]. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, Kansas State 
University, Manhallan, Kansas USA. Manhattan, Kansas, 
USA; Kansas State University (1984, reed. 1986) 391-417 [En, 
6 pp. of ref.] Department of Entomology, Kansas State Univer
sity, Manhattan, KS 66506, USA. 

1503 CHAMP, B. R.; McCABE, J. B. Storage of grain in 
earth-covered bunkers. In Proceedings of the Third Interna
tional Working Conference on Stored-Product Entomology. 
October 23-28. Kansas State University, Manhattan, Kansas 
USA. Manhattan, Kansas, USA; Kansas State University 
(1984, reed. 1986) 498-515 [En, 21 ref., I fig.] Australian Cen
tre for International Agricultural Research, PO Box 1571, Can
berra City, ACT 2601, Australia. 

The storage of grain in plastic-lined earth-covered bunkers 
was shown to provide a low-cost method for maintaining the 
quality (including the control of insect pests) of grain held for 
long periods in Australia. Various designs of bunker were evalu
ated, and the most satisfactory was based on an above-ground 
structure with permanent earth side walls and end, built on a 
slight slope to facilitate drainage. The walls and base are cov
ered with a thin layer of sand and lined with polyethylene sheet
ing. After filling and trimming, the grain is covered with a 
woven polethylene fabric, a layer of sand is spread over the cover 
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sheets to protect them, and soil is placed over the structure to a 
total depth of I m. The method has been used in Australia for 
bulks of wheat up to 25 000 t. The use of earth-covered bunkers 
throughout the world is reviewed. 

1504 EVANS, D. E.; THORPE, G. R.; SUTHERLAND, J. W. 
Large scale evaluation of fluid-bed heating as a means of disin
festing grain. In Proceedings of the Third International Work
ing Conference on Stored-Product Entomology. October 
23-28, Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University (1984, 
reed. 1986) 523-530 [En, 9 ref., 2 fig.] CSIRO Division of 
Entomology, GPO Box 1700, Canberra, ACT 2601, Australia. 

The results are presented of CX{Jeriments in Victoria, Aus
tralia, with a 50-150 t/h grain dismfestation plant, using the 
bostrichid Rhyzopertha dominica as the test insect. Heating the 
grain to 6o•c caused 51-74% mortality, to 65•C gave 
90-100% and 70•C 100% mortality. It is suggested that some 
of the grain did not reach the desired temperatures, allowing 
some beetles to survive at the nominal 65°C. 

1505 TILTON, E. W.; VARDELL, H. H. Combinations of 
partial vacuum with microwave or infrared beating of grain for 
insect control. In Proceedings of the Third International Work
ing Conference on Stored-Product Entomology. October 
23-28, I983, Kansas State University, Manhattan, Kansas 
USA. Manhattan, Kansas, USA; Kansas State University 
(1984, reed. 1986) 538-547 [En, 15 ref.] Stored-Product Insects 
Research & Development Laboratory, ARS, USDA, PO Box 
22909, Savannah, Georgia 31403, USA. 

Recent work by the authors that has already been reported 
is reviewed. 

1506 NAVARRO, S.; DON AHA YE, E.; CALDERON, M.; BULBUL, 
0. A system for monitoring and maintaining quality of grain in 
storage. In Proceedings of the Third International Working 
Conference on Stored-Product Entomology. October 23-28. 
I983. Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University (1984, 
reed. 1986) 596-607 [En, 12 ref., 4 fig.] Department of Stored 
Products, Agricultural Research Organization, Bet Dagan, 
Israel. 

With special reference to the control of insect pests, an 
inspection system that has been developed in Israel for monitor
ing and maintaining the quality of grain (especially cereal 
grains and soyabeans) in storage is described. The topics dealt 
with include the authorities concerned and the flow of informa
tion between them; the commodities inspected and the storage 
systems; inspection procedures; analysis of information (includ
ing storage temperatures, insect mfestation (with data on 
Tribolium castaneum, Oryzaephilus surinamensis, Sitophilus 
oryzae and Rhyzopertha dominica as examples) and use of 
insecticides) and cost comparisons and storage losses. The moni
toring system described has involved a recorded loss of <0.5% 
in weight of the commodities stored annually, including loss of 
weight due to the drying effects of aeration. 

1507 SMITH, L. B. Insect infestation in western Canadian 
grain loaded in railway cars at primary elevators. In Proceed
ings oft he Third International Working Conference on Stored
Product Entomology. October 23-28.1983, Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 651-654 [En, 3 ref.] 
Agriculture Canada, Research Station, Winnipeg, Manitoba, 
Canada. 

Cereal grains in Manitoba were sampled in the summers of 
1977 and 1978 for arthropod pests at primary elevators for 
loading onto railway cars, in railway cars, and again on unload
ing after transport. Mites were found most frequently, followed 
by the cucujid Cryptolestes ferrugineus. Infestation with C. 
ferrugineus increased in July and remained relatively high until 
October-November. About 40-50% of the railway cars sam
pled were infested with C. ferrugineus at the time of loading at 
the primary elevator, but at unloading at the terminal elevator 
only about 6% of the infestations were detected. No more than 
5.2% of infested carloads of grain could be attributed to infesta
tion of farmer-delivered grain, and the majority of infestation 
came from grain stored in the primary elevators. Five other 
stored-product beetles were found in smaller numbers, together 
with scavenging insects. 
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1508 SANDVOL, L.; HALDERSON, J.; FINNEGAN, B.; WILSON, 
J.; WHITMORE, J.; SHARP, W.; BECHINSKI, E. Demonstration 
of electronic monitoring and management of stored grain. In 
Proceedings of the Third International Working Conjerence on 
Stored-Product Entomology. October 23-28, 1983, Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 669-671 
[En, 6 ref.] Research & Extension Center, University of Idaho, 
Aberdeen, ID 83210, USA. 

Surveys in Idaho since 1978 indicated that losses of grain 
during storage at farm level were associated with excessive grain 
moisture and the lack of adequate instrumentation to detect it. 
No quality losses were found in aerated instrumented bins. 
Tribo/ium castaneum was the most common insect found, form
ing 60% of the total population. Oryzaephilus surinamensis and 
Rhyzopertha dominica formed 28 and 4%, respectively. No 
weevils were found. A programme that was undertaken to 
demonstrate proper grain storage management is described. 

1509 CHEN, Q. Z. A survey on the distribution of stored 
grain insects in the People's Republic of China. In Proceedings 
of the Third International Working Conference on Stored
Product Entomology. October 23-28, 1983, Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 687-695 [En] 
Zhengzhou Grain College, Henan, China. 

The results are presented of surveys of insect pests of stored 
grain in China, in which about 90 species of pests and 8 natural 
enemies were found. Newly discovered pests were Oryzaephilus 
mercator, Megatoma graeseri, Homa/opsycha agglutinata 
[Cephitinea colonel/a], Setomorpha rute//a and Aglossa 
caprealis. 

1510 LEVINSON, H. Z.; LEVINSON, A. R. Storage and insect 
species of stored grain and tombs in ancient Egypt. Zeitschri{t 
jiir Angewandte Entomologie (1985) 100 (4) 321-339 [En, de, 
35 ref., 12 fig (I col.).] Max-Planck-Ins!. filr Verhaltensphysio
logie, D-8131 Seewiesen, German Federal Republic. 

Thie review of the stored-product pests of grain and tombs 
in ancient Egypt contains a list of the species found (mainly 
Coleoptera) as well as information of the design and use of 
granaries and early attempts at pest control (washing with soda 
solution and application of animal fat, dung ash, sulfur dust and 
sulfur dioxide). 

1511 RAI, R. S.; LAL, P.; SRIVASTAVA, P. K. Impregnation 
of jute bag with insecticides for protecting stored food grains: I. 
Pre1iminary studies on the efficacy of some safe orga
nophosphatic insecticides. Pesticides (1985) 19 (3) 16-18 [En, 9 
ref.] Indian Grain Storage Inst., Field Sta., P. A. K. Campus, 
Punjab Agric. Univ., Ludhiana 141 004, India. 

The effectiveness of jute bags impregnated with etrimfos or 
malathion at different concentrations for protecting stored 
foodgrains against the curculionid Sitophilus oryzae, the bos
trichid Rhyzopertha dominica and the tenebrionid Tribolium 
castaneum was tested in the laboratory in India, with different 
storage periods. Observations after 2 months showed good 
results in bags impregnated with malathion at 1-1.5% or with 
etrimfos at 1%. It was suggested that, in order to reduce costs 
and to avoid the possibility of contaminating the grain with the 
insecticides, individual bags should not be treated but an 
impregnated jute cover should be placed over a stack of bags to 
prevent cross-infestation by the storedaproducts insects. 

1512 BANERJEE, T. C.; NAZIMUDDIN, S. Weight loss of 
wheat and rice caused by feeding of the larvae and adults of 
Sitophilus oryzae Linn. and Rhizopertha dominica Fabr. 
Indian Journal of Agricultural Sciences (1985) 55 (11) 703-
706 (En, 6 ref.] Dep. Zool., Burdwan Univ., West Bengal 
713 104, India. 

The effect of feeding by larvae and adults of the curculionid 
Sitophilus oryzae and the bostrichid Rhyzopertha dominica on 
the weight of wheat and rice grain was determined in laboratory 
tests in India. The maximum weight loss caused to single kernels 
by individual larvae of S. oryzae and R. dominica was 57 and 
22%, respectively for rice and 19 and 16% for wheat. The figures 
for adults were 14.6 and 12.1% for rice and 16.2 and 8.8% for 
wheat. Simultaneous feeding by the adults of both species 
caused a maximum weight loss of 20.9% on rice and 26.2% on 
wheat. The differences in losses caused by the 2 species were 
significant. 



1513 LEE, U.S.; JANG, H. S.; TANAKA, T.; HASEGAWA, A.; 
OH, Y. J.; CHO, C. M.;SUGIURA, Y.; UENO, Y. Further survey 
on the Fusarium mycotoxins in Korean cereals. Food Additives 
and Contaminants (1986) 3 (3) 253-261 [En, 9 ref., 5 fig., 4 
tab.] Dep. Toxicol., Fac. Pharmaceutical Sci., Sci. Univ. Tokyo, 
Ichigaya, Shinjuku-ku, Tokyo 162, Japan. 

Fifty-one samples of cereals from the 1984 harvest from 
Korea were analyzed for nivalenol (NIV), fusarenon-X (FX), 
deoxynivalenol (DONJ and 3-acetyi-DON by gas chromatogra
phy (GC) utilizing a 3Ni electron capture detector, and were 
quantitated for zearalenone (ZEN) by high-performance liquid 
chromatography with a fluorescence detector. Trichothecenes 
and ZEN in the positive samples were confirmed by GCamass 
spectrometry. Out of 51 samples, 51,46 and 42 were positive for 
NIV, DON and ZEN, respectively; one malt sample was heav
ily contaminated with NIV (2675 ng/g) and DON (246 ngjg), 
and one wheat sample was heavily contaminated with NIV 
(3169 ngfg). Neither FX nor 3-acetyl-DON was detected in 
any of the samples. It is concluded that Korean cereals har
vested in 1984 are simultaneously contaminated with NIV, 
DON and ZEN, and the incidences and levels are similar to 
those observed in the cereals harvested in 1983. 

1514 TANAKA, T.; HASEGAWA, A.; MATSUKI, Y.; LEE, U.S.; 
UENO, Y. A limited survey of Fusarium mycotoxins nivalenol, 
deoxynivalenol and zearalenone in 1984 UK harvested wheat and 
barley. Food Additives and Contaminants (1986) 3 (3) 247-
252 [En, 16 ref., I fig., 3 tab.] Div. Food Chern., Public Health 
Res. Inst., Chuo-ku, Kobe 650, Japan. 

Of 31 samples examined, 17 (55%), 20 (65%) and 4 (13%) 
had detectable nivalenol (NIV), deoxynivalenol (DON) and 
zearalenone (ZEN), respectively. Av.levels in positive samples 
were 101 pgfkg, 31 pgfkg and 1 pgfkg for NIV, DON and 
ZEN, respectively. Additional surveys on 2 wheat and 8 barley 
samples harvested in Scotland showed that 30%, 60% and 100% 
of the samples were contaminated with NIV, DON and ZEN at 
av. levels of 39lpg/kg, 39pgfkg and 9 pgfkg, respectively. It is 
concluded that Uk-grown cereals are significantly contami
nated with these mycotoxins. 

1515 SHANNON, G. M.; PETERSON, R. E.; SHOTWELL, 0. L. 
Ra;id screening method for detection of deoxynivalenol. Jour
na of the Association of Official Analytical Chemists (I 985) 
68 (6) 1126-1130 [En, 21 ref.] USDA, ARS, Northern 
Regional Research Center, Peoria, IL 61604, USA. 

A rapid method for detecting deoxynivalenol (DON), also 
known as vomitoxin, was developed. DON was extracted from 
grains and other samples with acetonitrile-4% potassium chlo
ride solution (9 + 1 ). Impurities that would interfere with detec
tion were removed on a C18 silica gel reverse phase column. 
Water was removed from eluates on a hydrophilic matrix col
umn. DON was detected by thin-layer chromatography using 
an aluminium chloride solution to develop the blue response 
characteristic of the mycotoxin. Total time involved is approxi
mately 30 min. The method was applicable to maize, wheat and 
barley at detection levels of I pgfg and oats at 1.5 pgfg. It is 
applicable to environmental samples (soil, green plants, and 
water) at detection levels of 0.75 pgfg. 

Barley, Oats, Rye 

See also abst. 2041 

1516 PIERCE, A. M.; PIERCE, H. D., JR.; BORDEN, J. H.; 
OEHLSCHLAGER, A. C. Enhanced production of aggregation 
pheromones in four stored-product coleopterans feeding on 
methoprene-treated oats. Experientia (1986) 42 (2) 164-165 
[En, 14 ref.] Dep. Chern., Simon Fraser Univ., Burnaby, BC, 
V5A IS6, Canada. 

Production of aggregation pheromones by males of the 
silvanids Oryzaephilus surinamensis and 0. mercator, the 
cucujid Cryptolestesferrugineus and the tenebrionid Tribo/ium 
castaneum was enhanced by feeding on methoprene-treated 
oats, implicating juvenile hormone in control of pheromone pro
duction. Methoprene application to control insects in stored 
products may cause enhanced pheromone production by these 
insects, thus drawing additional beetles into the treated product. 
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1517 TRAUBA, R. L. (ET AL.) Determination of internal 
insect infestation of oats: collaborative study. Journal of the 
Association of Official Analytical Chemists (1985) 68 (4) 699-
700 [En, 3 ref., I tab.] FDA, Minneapolis, MN 55401, USA. 

Reports from 6 collaborators showed that recoveries using 
the technique described averaged 88.98%. for adult heads of 
Sitophilus oryzae and Rhyzopertha dominica and 97.22% for 
whole S.oryzae larvae. The method has been adopted official 
first action. 

1518 OKAGBUE, R.N. Fungal deterioration of dried barley 
malt in international trade. International Biodeterioration 
(1986) 22 (2) 111-112 [En, 6 ref., 1 tab.] Dep. Microbial., 
Ahmadu Bello Univ., Zaria, Nigeria. 

All the malt samples obtained from Nigerian Breweries 
Ltd were contaminated by fungi. Aspergillus jUmigatus and A. 
versicolor were the only species found in relatively high frequen
cies. However, it is suggested that A. versicolor was probably 
located superficially on the grain. 

Maize 

See also absts. 1458, 1474, 1484, 1487-1488, 1892, 1896, 
1937 

1519 IVBIJARO, M. F.; LIGAN, C.; YOUDEOWEI, A. Control 
of rice weevils, Sitophilus oryzae (L.), in stored maize with vege
table oils. Agriculture, Ecosystems and Environment (1985) 14 
(3/4) 237-242 [En, 6 ref.] Department of Agricultural Biology, 
University of lbadan, Nigeria. 

Oils of coconut, groundnut and the African palm admixed 
with maize grains at rates of 5 and 10 mlfkg killed 67-100% of 
adults of the curculionid Sitophi/us oryzae within 24 h. At I 
ml/kg, 100% mortality of adults was observed after 7 days. The 
oils significantly reduced oviposition and development of the 
progeny of weevils in contact with treated males. Damage and 
loss in weight of infested maize were much lower in treated than 
in untreated maize. A positive correlation was observed between 
emergence of weevil progeny and damage to maize grains and 
also between weight loss in grains and the number of exit holes 
caused by the emergence of progeny. Vegetable oils did not 
affect water absorption by submerged maize seeds intended to 
be processed into porridge, nor was viability reduced. Reduction 
of grain damage and weight loss in treated maize seeds was 
greatest when coconut and groundnut oils were used. All oils 
prevented infestation for more than 90 days. 

1520 MUHIHU, S. K.; KIBATA, G. N. Developing a control 
programme to combat an outbreak of Prostephanus truncatus 
Horn (Bostrichidae: Coleoptera) in Kenya. Tropical Science 
(1985) 25 (4) 239-248 [En, 8 ref.] National Agricultural Labo
ratories, PO Box 14733. Nairobi, Kenya. 

In 1983, an outbreak of the bostrichid Prostephanus trun
catus was detected in south-western Kenya over an area of 200 
km2

• The pest was found to be causing about 35% weight loss in 
maize stored for 6 months. An immediate control programme 
was initiated involving quarantine measures to regulate grain 
movement, shelling of maize cobs and admixing the grain with 
malathion or pirimiphos-methyl dusts and 10.0 and 2.5 p.p.m., 
respectively. Laboratory screening of various insecticide dusts 
showed permethrin, dcltamethrin and natural pyrethrins to be 
effective in controlling the pest. Organophosphate dusts were of 
little value. Frass level was identified as a reliable indicator of 
the degree of damage. In field trials, permethrin at 2.5 p.p.m. 
and pirimiphos-methyl at 5.0 p.p.m. protected maize for 9 
months, with less than 2% weight loss. The main elements of a 
functional control strategy are discussed. 

1521 AYERTEY, J. N. Prospects for the use of permethrin 
dust in the control of pests of stored grains in northern Nigeria. 
In Proceedings of the Third International Working Conference 
on Stored-Product Entomology. October 23-28, 1983, Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 229-241 
[En, 8 ref., 3 fig.] Department of Biological Sciences, Bayero 
University, PMB 301 l, Kano, Nigeria. 

Five insecticides (permethrin, pirimiphos-methyl, NRDC 
61 [of unstated composition], Rcldan [chlorpyrifos-methyl] and 
Damfin [methacrifos]) with low mammalian toxicity were 
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tested against insect pests of maize in traditional storage struc
tures in Nigeria in 1980-82. Most treatments provided satis· 
factory protection for up to 4 months for grain stored in open 
cribs and up to 12 months for grain stored in enclosed mud 
granaries. 

1522 AL-SOHAILY, I. A.; MUSLEH, R. M.; TAHIR, N. M.; 
FARAG, F. Mycotoxins and fungal contents of corn stored 
under different storing conditions. Iraqi Journal of Science 
(1984) 25 (1-2) 1-6 [En, ar, 4 ref., 5 tab.j Bioi. Dep., Call. Sci., 
Univ. Baghdad, Baghdad, Iraq. 

Maize grains stored under different conditions in Babylon 
province during Jan.and May and in Abo-Ghraib during Feb. 
and Apr. showed considerable variations in moisture content 
depending on time and location of samP.Iing. Fusarium was the 
dominant fungus inside the grains, wh1le Alternaria, Aspergil
lus, Cladosporium, Mucor, Penicillium. Rhizopus and 
Trichothecium were quite common on the surface. All the 
tested samples contained zearalenone, a few showed the pres
ence of aflatoxin 8 1 and none contained ochratoxin A. 

1523 ABRAMSON, D.; StNHA, R. N.; MILLS, J. T. 
Mycotoxin formation and quality changes in granary-stored 
com at 16 and 21% moisture content. Sciences des Aliments 
(1985) 5 (4) 653-663 [En,fr, 28 ref., 2 fig.] Agriculture Canada 
Res. Sta., Winnipeg, Man. R3T 2M9, Canada. 

Parcels (11 kg) of yellow dent maize at 16 and 21% mois
ture content were implanted in dry bulk oats stored in a farm 
granary in western Canada. Temperature, moisture, 0 2 and 
C02 levels, fat acidity values, seed germination. microfloral 
incidence and abundance and major mycotoxins were monitored 
over 52 weeks of storage. Ochratoxin A formed at max. levels of 
3.6 p.p.rn. in the maize at 21% moisture content by 8 weeks; 
none was found in the 16% moisture content maize during the 
study. Isolates of Penicillium verrucosum var. eye/opium [P. 
aurantiogriseum] were associated with ochratoxin A produc
tion. No other mycotoxins were detected. Maize at 21% mois
ture content showed greater heating, moisture increase, co~ 
levels, fat acidity values and microftoral propagule counts and 
lower 0 2 levels and seed germination than maize stored at 16%. 

1524 KINGSLAND, G. C. Relationship between temperature 
and survival of Aspergillus jlavus Link ex Fries on naturally 
contaminated maize grain. Journal of Stored Products 
Research (1986) 22 (1) 29-32 [En, 15 ref., 2 fig.] Dep. Pl. 
Pathol. Physiol., Clemson Univ., Clemson, SC 29631, USA. 

A. flavus tolerated exposure to ll0°C for 30 min when 
determined by dilution plating of propagule suspensions from 
samples of maize grain grown in South Carolina and from sam
ples imported from the Midwest. A. jiavus did not develop from 
kernels from the Midwest samples placed on agar after exposure 
to ~ 11 0°C for~ 60 min. The fungus was recovered from 30% 
of the heavily contaminated South Carolina kernels after expo
sure to ll7°C for up to 60 min. Maize grain issuing from 
continuous flow batch driers has been found to be heavily con
taminated with A. jiavus. It is concluded that the thermotoler
ance of this fungus precludes economically feasible adjustments 
to drying times or temp. for the elimination of A.flavus in or on 
the grain. 

1525 ABBAS, H. K.; MtROCHA, C. J. Survival of Fusarium 
graminearum on com stored at low temperature. Plant Disease 
(1986) 70 (1) 78 [En, 2 ref.] Dep. Pl. Path., Univ. Minnesota, 
St. Paul, MN 55108, USA. 

A 25 kg sample of F. infected maize containing deox
ynivalenol and zearalenone, stored since 1972 in a multi-layered 
paper bag at o•F, yielded cultures of F. graminearum [Gibber
ella zeaej 13 yr later from 60% of the kernels when they were 
surface sterilized, transferred to PDA and incubated under fluo
rescent lamps at 22°C. 

1526 GARCIA-AGUIRRE, G.; MARTINEZ-FLORES, R. (Asper
gil/usjlavus and aflatoxins in maize from Mexico, D.F.] Asper
gillus j/avus y aflatoxinas en el maiz del Distrito Federal. 
Revista Mexicana de Micologia (1985) I, 189-199 [Es, en, 13 
ref., 5 fig., 1 tab.] Inst. Bioi., UNAM, Mexico, DF, Mexico. 

Of 90 maize kernel samples, 30 were contaminated with 
aflatoxin. Of the A. jiavus isolates, 48% were able to produce 
different levels of aflatoxin. 

International Biodeterioration /986 Vol. 22 No.4 

1527 SHOTWELL, 0. L.; BURG, W. R. Aflatoxin in airborne 
dusts from contaminated corn. In Proceedings of the VI Inter
national Conference on the Mycoses. Washington, DC, USA; 
Pan American Health Organization ( 1986) 59-71 [En, 23 ref., 2 
fig., 11 tab.] Northern Regional Res. Cent., ARS, Peoria, IL 
61604, USA. 

Reports linking inhalation of aflatoxins with adverse health 
effects in man are reviewed. In a study of potential hazards to 
agricultural workers caused by inhalation of dust from 
aflatoxin-contaminated maize, airborne dust samples were col
lected in 1979-80 during harvest, transfer, grinding, feeding and 
handling of maize on farms and at an elevator. Airborne dusts 
usually contained higher levels of aflatoxins than did the bulk 
maize from which they were generated. Difficulties in assessing 
the effect of inhalation of such dusts by agricultural workers are 
discussed. 

1528 FRANKLAND, C. A.; LLOYD, H. L. Duality of Asper
gillus candidus on maize kernels. Transactions of the British 
Mycological Society (1986) 86 (4) 674-677 [En, 9 ref., 7 fig.] 
Dep. Bioi. Sci., Univ. Natal, Durban, South Africa. 

The duality of colony and sporulation morphology of this 
important seed storage fungus IS newly reported. Transition 
from the floccose form with pcnicilliate microconidiophores to 
the adpressed form with aspergillate macroconidiophores was 
influenced by the nature and availability of carbon. Dual wild 
types seemed to have a competitive (selective) advantage over 
the separated components on natural substrates (stored maize 
kernels). 

1529 EHRLICH, K.; CIEGLER, A.; KLICH, M.; LEE, L. Fungal 
competition and mycotoxin production on com. Experientia 
(1985) 41 (5) 691-693 [En, 12 ref., 2 tab.] S. Reg. Res. Cent., 
ARS, USDA, New Orleans, LA 70179, USA. 

Aflatoxin and secalonic acid D production in maize in labo
ratory and field by mixed cultures of Penicillium oxalicum and 
Aspergillus flavus or A. parasiticus was lower than production 
by the pure cultures. However, mixed cultures of these fungi 
with Fusarium spp. did not affect mycotoxin production. 

1530 FAILLA, L. J.; LYNN, D.; NIEHAUS, W. G., JR. Corre
lation of znn content with aflatoxin content of corn. Applied 
and Environmental Microbiology (1986) 52 (1) 73-74 [En, 11 
ref., 1 tab.] Dep. Biochem. Nutrition, Virginia Polytechnic lnst. 
& State Univ., Blacksburg, VA 24061, USA. 

Forty-nine samples from the 1983 Virginia maize harvest 
were analyzed for aflatoxin. zinc. copper, iron and manganese 
content. Values (mean ± standard deviation) were as follows: 
aflatoxin, 117 ± 360 l'gfkg; zinc, 22.5 ± 3.4 mgfkg; copper, 
2.27 ± 0.56 mgjkg; iron, 40.8 ± 18.7 mgfkg; and manganese, 
5.1 ± l.l mg/kg. Aflatoxin levels positively correlated with zinc 
(Spearman correlation coefficient, 0.385; P < 0.006) and cop· 
per levels (Spearman correlation coefficient, 0.573; P < 
0.0001). Based on biochemical data in the literature. it is con
cluded that the correlation with zinc is important and that there 
may be a cause-and-effect relationship between zinc levels in 
maize and aflatoxin levels which are produced upon infection 
with Aspergillus jlavus or A. parasiticus. Control of aflatoxin 
contamination in field maize by decreasing the zinc levels may 
be feasible, but no methods to decrease zinc levels are currently 
available. 

Rice 

See also abst. 1853 

1531 PRAKASH, A.; RAO, J. Wild sage, Lippia geminata: a 
paddy grain protectant in storage. Oryza (1984, reed. 1986) 21 
(4) 209-212 [En, 10 ref.] Central Rice Research Institute, Cut
tack 753 006, Orissa, India. 

Dried leaves of wild sage (Lippia geminata) were found to 
be an effective repellent against Sitotroga cerealella, 
Rhyzopertha dominica and Sitophilus oryzae to protect rice 
grains stored under natural or controlled conditions in India. In 
tests under natural storage conditions for 2 seasons, dried sage
leaf powder mixed with husked rice grains at the rate of 2% 
weight for weight, in either gunny bags or bulk containers, 
protected the rice for up to 9 months against the pests 
mentioned. 



1532 PANDE, Y. D.; DAs, K. Relative resistance of rice 
varieties in storage to infestation by Sitophilus oryzae Linn. 
(Coleoptera: Curculionidae) in Tripura. Indian Journal of Agri
cultural Sciences (1985) 55 (12) 771-772 [En, 6 ref.] Calcutta 
University Post-Graduate Centre, Agartala, Tripura 799 004, 
India. 

The number of adults of Sitophi/us oryzae and the percent
age weight loss to 400 grains of rice on which they had fed were 
greater on rice varieties IR 8 and Jalaj than on Pusa 2-21, LET 
1444, Pankaj, P 4-1-11, CR 75-93 (Mut) 11·4, AR 11-123·4·6, 
CRM 13-3241 (Sattari) and Mashouri, 5 months after an initial 
10 pairs of the weevil had been added to the rice in the 
laboratory. 

1533 PRAKASH, A.; RAo, J. Fecundity and fertility of the 
saw tootbed grain beetle, Oryzaephilus surinamensis Linn. (CoiM 
eoptera: Silvanidae) in stored rice. Annals of Entomology 
(1984, reed. 1986) 2 (1) 17-19 [En, 3 ref.] Storage Entomology 
Lab., Cent. Rice Res. lost., Cuttack 753 006, India. 

The fecundity, fertility and oviposition period of females of 
Oryzaephilus surinamensis were studied on raw or parboiled 
paddy rice, brown rice, milled rice, rice bran and suji at 4 
different humidities (60, 70, 80 and 90% RH), but at a constant 
temperature (30'C). Fecundity was significantly higher on the 
powdered products (bran and suji) than on the intact rice grains. 
It also increased as the relative humidity was increased. The 
oviposition period was extended in the beetles developing on 
bran and SUJi. Humidity had no apparent effect on the oviposi
tion period. Fertility was greatest in the beetles developing in the 
powdered products and increased as the hum1dity was 
increased. 

1534 MEDINA, E. B.; HEINRICHS, E. A. Reaction of IR 
varieties to Angoumois grain moth. International Rice Research 
Newsletter (1986) II (2) 10 [En] International Rice Res. Inst., 
PO Box 933, Manila, Philippines. 

Grain of the IR rice varieties IRS to IR54 was evaluated 
for susceptibility to the gelechiid Sitotroga cereale/la. Insect 
emergence was lowest in IR42 and IR46. The susceptibility 
indices differed significantly among varieties, IRSO and IR30 
having the highest values and IR42 and IR46 the lowest. Grain 
weight loss was lowest in IR22, IR42 and IR46. 

1535 SINGH, R.; CHAND, H. Rice grain discoloration and its 
chemical control. International Rice Research Newsletter 
(1985) 10 (5) 16 [En, I tab.] Haryana Agric. Univ. Rice Res. 
Sta., Kaul 132021, Kurukshetra, Haryana, India. 

In tests with 8 pesticides (7 fungicides and I insecticide) 
only edifenphos and mancozeb gave significant disease control. 
None of the chemicals significantly increased yield. 

Sorghum, MiUet 

See also abst. 1853 

1536 SINGH, 0. P. Toxicity of etrimphos against the differ
ent stages of khapra beetle, Trogoderma granarium Arr. 
infesting pearl millet in Madhya Pradesh. Pesticides (1985) 19 
(2) 47 [En, 1 ref.] Zonal Agricultural Research Station, College 
of Agriculture, Jawaharlal Nehru Agricultural University, 
Sehore 466 001, Madhya Pradesh, India. 

Trogoderma granarium is a severe pest of stored cereals in 
Maharashtra, India, destroying the grains completely except for 
the secd-coat.In laboratory toxicity tests, etrimfos at 0.01-l% 
toxicant was sprayed directly on to larvae, pupae and adults of 
the dermestid infesting pearl millet. Concentrations of 0.9 and 
I% etrimfos gave complete mortality of all stages, and 0.7% also 
gave 100% kill of larvae. Etrimfos at the 2 highest concentra
tions is therefore recommended for treatment of infested 
godowns. 

1537 REDDY, K. V. S.; 0MOLO, E. 0. Sorghum insect pest 
situation in eastern Africa. In Proceedings of the international 
sorghum entomology workshop. 15-21 July 1984. Texas 
A&M University. College Station, Texas. USA. Patancheru, 
Andhra Pradesh, India; International Crops Research Institute 
for the Semi-Arid Tropics (1985) 31-36 [En, fr, 19 ref.] Inter
national Centre of Insect Physiology & Ecology, PO Box 30772, 
Nairobi, Kenya. 
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The authors briefly describe the sorghum-growing areas 
and sorghum production and yield in Burundi, Ethiopia, Kenya, 
Rwanda, Somalia, Sudan, Tanzania, Uganda, Yemen and the 
Yemen Arab Republic. An annotated list (showing the relevant 
countries and the nature of the damage caused) of about 50 
species of insects that attack the crops and stored sorghum is 
presented. 

1538 SRIVASTAVA, K. P. Sorghum insect pests in India. In 
Proceedings of the international sorghum entomology work
shop. I 5-21 July 1984. Texas A&M University. College Sta
tion, Texas, USA. Patancheru, Andhra Pradesh, India; 
International Crops Research Institute for the Semi-Arid Trop
ics (1985) 45-56 [En, fr, 82 ref.] Division of Entomology, Indian 
Agricultural Research Institute, New Delhi 110 012, India. 

The incidence, economic importance and biology of insect 
pests of sorghum (including stored sorghum) in India are 
reviewed. Problems created by changes in cropping patterns and 
the introduction of new high-yielding cultivars, and the pros
pects for integrated control, are discussed. 

1539 MEKSONGSEE, B.; CHAWANAPONG, M. Sorghum 
insect pests in South East Asia. In Proceedings of the interna
tional sorghum entomology workshop. 15-21 July 1984. 
Texas A&M University, College Station. Texas. USA. 
Patancheru, Andhra Pradesh, India; International Crops 
Research Institute for the Semi-Arid Tropics(! 985) 57-64 [En, 
fr, 12 ref.] Division of Entomology & Zoology, Department of 
Agriculture, Bangkok 10900, Thailand. 

An annotated list is presented, showing their pest status 
and parts of the plant attacked, of about 30 insect pests of 
sorghum (including stored sorghum) in South-East Asia, espe
cially Thailand. Further information is provided on the inci
dence, biology, natural enemies and control (mainly with 
insecticides) of about half of these. 

1540 PASSLOW, T.; FRANZMANN, B. A.; ALLSOPP, P. G. 
Sorghum insect problems in Australia. In Proceedings of the 
international sorghum entomology workshop, 15-21 July 
1984. Texas A&M University. College Station. Texas, USA. 
Patancheru, Andhra Pradesh, India; International Crops 
Research Institute for the Semi-Arid Tropics ( 1985) 65-72 [En, 
fr, 16 ref.] Entomology Branch, Department of Primary Indus
Ires, Indooroopilly, Queensland 4068, Australia. 

A review is presented of the incidence, injuriousness and 
control of insect pests that infest sorghum (including the stored 
product) in Australia. For some species, information is included 
on their natural enemies. 

1541 VtANA, P. A. Sorghum insect problems in Brazil. In 
Proceedings of the international sorghum entomology work
shop. 15-21 July 1984, Texas A&M University, College Sta
tion, Texas, USA. Patancheru, Andhra Pradesh, India; 
International Crops Research Institute for the Semi-Arid Trop
ics (1985) 97-101 [En, fr, 19 ref., 1 fig.] Centro Nacional de 
Pesquisa de Milho e Sorgo, Caixa Postal 151-35700, Sete 
Lagoas, Minas Gerais, Brazil. 

This review includes a list of 25 species of arthropods that 
have been reported damaging sorghum (including stored sor
ghum) in Brazil, a list (with dosages) of 11 insecticides that 
have been recommended against 9 plant pests and 3 storage 
pests, notes on the control of Contarinia sorghicola by pest 
resistance and cultural measures, and notes on some natural 
enemies of C. sorghico/a and Schizaphis graminum. 

1542 MILLS, R. B. Insect pests of stored sorghum grain. In 
Proceedings of the international sorghum entomology work
shop. 15-21 July 1984. Texas A&M University. College Sta
tion, Texas, USA. Patancheru, Andhra Pradesh, India; 
International Crops Research Institute for the Semi-Arid Trop
ics (1985) 337-344 [En, fr,IS ref.] Department of Entomology, 
Kansas State University, Manhattan, KS 66506, USA. 

This article includes a list of about 16 major and about 20 
minor arthropod pests of stored grain sorghum, and lists of the 
genera that are important on stored sorghum andfor millet 
grain in 7 countries; there is considerable similarity in the differ
ent country lists. Notes on the major pests are provided, and 
stored-grain insect control is discussed. 
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1543 FADELMULA, A.; HORBER, E. Resistance of sorghum 
varieties to Sitophilus oryzae and Sitotroga cerealella. In Pro-
ceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, Kansas State 
University, Manhattan, Kansas USA. Manhattan, Kansas, 
USA; Kansas State University ( 1984, reed. 1986) 418-434 [En, 
16 ref., 2 fig.] Department of Entomology, Kansas State Uni
versity, Manhattan, KS 66506, USA. 

The contributions of hardness and tannin content in sor
ghum grains to resistance to the storage pests Sitophilus oryzae 
and Sitotroga cerealel/a were investigated in the laboratory. 
Hardness was closely correlated with resistance, but tannin con
tent was not. 

1544 SHAZALI, M. E. H.; SMITH, R. H. Life history studies 
of externally feeding pests of storPd sorghum: Corcyra cephalon
ica (Staint.) and Tribolium castaneum (Hbst). Journal of Stored 
Products Research (1986) 22 (2) 55-61 [En, 28 ref., 2 fig.] Dep. 
Pure & Applied Zoo!., Univ. Reading, Reading, RG6 2AJ, UK. 

A laboratory study of the ecology of single-species popula
tions of the pyralid Corcyra cephalonica and the tenebrionid 
Tribolium castaneum was made on sorghum at 25, 30 and 35°C 
and 60, 70 and 80% RH. The effects of 40 and 50% RH on both 
species were also studied at 30°C. The optimal conditions for 
multiplication of C. cephalonica were found to be 30°C and 
60-80% RH, while for T. castaneum the optimal temperature 
was 35°C at 60-80% RH. Lower humidities (40 and 50% RH) 
had a small adverse effect on both species. The results are 
compared with those of other workers and discussed in relation 
to the distribution of the 2 species in Sudan. It is concluded that 
the pest potential of C. cephalonica has been underestimated in 
the past. 

1545 SATIIGI, H. N.; KULKARNI, K. A.; THONTADARYA, T. S. 
Studies on the biology of lesser grain borer on sorghum under 
laboratory conditions. Journal of Maharashtra Agricultural 
Universities (1985) 10 (3) 252-254 [En, 8 ref.] College of 
Agric., Dharwad-580 005, India. 

The biology of the bostrichid Rhyzopertha dominica from 
infested sorghum grain in Karnataka, India, was investigated on 
sorghum grain in the laboratory. The egg, larval, pre-pupal and 
pupal stages lasted 5-9, 14-28, 1-2 and 5-8 days, respec
tively, and there were 4 larval instars. The life-cycle lasted 
24-45 days. 

1546 GBODI, T. A.; NWt.:DE, N.; ALIU, Y. 0.; IKEDIOBt, C. 0. 
The mycoftora and some mycotoxins found in acha (Digitaria 
exilis StapO in Plateau State, Nigeria. Food and Chemical 
Toxicology (1986) 24 (4) 339-342 [En, II ref., 3 tab.] Natn. 
Vet. Res. Inst., Biochem. Div., Toxicol. Sect., Vom, Nigeria. 

Mouldy acha samples were collected at 3 different periods 
of the year and screened. Phoma sorghina was the most com
mon contaminant during the cold dry harmattan period (Nov.
Feb.) and during the wet period (June-Oct.). This was followed 
by Fusarium moni/iforme (Gibberel/afujikuroi] and Aspergil
lus spp. During the hot, dry season (Mar.-May) Aspergillus 
spp. were the most prevalent fungi, followed by Fusarium spp. 
and Phoma sorghina. Other fungi isolated are tabulated. 
Zearalenone was the most prevalent mycotoxin in samples col
lected in the cold, dry period, while aHa toxins were most preva
lent in those collected during the hot, dry period. Zearalenone 
was only detected in 1 of the samples collected during the hot, 
humid and wet period. 

Whea4 Buckwheat 

See also abst. 1916 

1547 KRAMER, K. J.; HENDRICKS, L. H.; WOJCIAK, J. H.; 
FYLER, J. Evaluation of fenoxycarb, Bacillus thuringiensis, 
and malathion as grain protectants in small bins. Journal of 
Economic Entomology (1985) 78 (3) 632-636 [En, 17 ref., 3 
fig.] US Grain Marketing Research Laboratory, ARS, USDA, 
Manhattan, Kansas 66502, USA. 

Treatment of wheat placed in 3-bushel bins with fenoxy
carb at 10 p.p.m. controlled Sitophilus oryzae, Tribolium con
fusum and Plodia interpunctel/a for 2 grain storage seasons in 
Kansas. Malathion at 10 p.p.m. and Bacillus thuringiensis 
subsp. kurstaki (Dipel) at 125 p.p.m. in the surface layer (10 
em) were ineffective against P. interpunctel/a and the other 2 
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species, respectively. Rhyzopertha dominica was controlled, 
based on a laboratory bioassay of wheat that had been treated 
with fenoxycarb a year earlier. None of the insecticide treat
ments reduced the ability of the seed to germinate. Residue 
analysis showed no loss of fenoxycarb after a year of storage, 
and the approximate distribution in the milled fractions was as 
follows: bran, 25 p.p.m.; red dog, 5 p.p.m.; shorts, 3 p.p.m.; and 
flour, 1 p.p.m. 

1548 JOtA, B. S.; LOSCHIAVO, s. R.; WEBSTER, G. R. B. 
Cypermethrin and fenvalerate as grain protectants against 
Tribolium castaneum (Coleoptera: Tenebrionidae) and 
Cryptolestes ferrugineus (Coleoptera: Cucujidae) at different 
moisture levels and temperatures. Journal of Economic Ento
mology (1985) 78 (3) 637-641 [En, 16 ref.] Research Station, 
Agriculture Canada, Winnipeg, Manitoba, R3T 2M9, Canada. 

The initial effectiveness and residual activity of cypermeth
rin and fenvalerate applied at 8 and 12 mg a.i.fkg to wheat with 
moisture contents of 13.3 and 15.0% was evaluated against 
Tribolium castaneum and Cryptolestes ferrugineus, and com
pared with that of malathion at 8 mgfkg. Treated wheat was 
stored at 25 or -5°C and sampled at 6 intervals during a 60-
week storage period. Bioassays in which adult mortality and 
production of F 1 progeny were used as criteria showed cyper
methrin to be effective against both species under all storage 
conditions and at all intervals. Fenvalerate caused only 33% 
mortality of C.ferrugineus. At the 2 moisture contents, fenval
erate caused 63.3-66.7% initial mortality ofT. castaneum at 8 
mgfkg and 90-100% at 12 mgfkg. Production of progeny was 
suppressed under all conditions. At a storage temperature of 
25°C, the effectiveness of malathion declined after 12 weeks in 
wheat with 15% moisture content and after 24 weeks on wheat 
with 13.3% moisture content. However, on malathion-treated 
wheat stored at -5°C, mortality of both species was 100% 
during the entire storage period of 60 weeks. 

1549 CHERIF, R.; LEESCH, J.; DAVIS, R. Effect of tempera
ture on the efficacy of methyl bromide against adults of Sitophi
lus granarius (L.) (Coleoptera: Curculionidae) on soft and hard 
wheats. Journal of Economic Entomology (1985) 78 (3) 660-
665 [En, 20 ref., 3 fig.] Stored-Product Insects Research & 
Development Laboratory, ARS, USDA, Savannah, Georgia 
31403, USA. 

The toxicity of methyl bromide gas to adults of Sitophilus 
granarius in soft and hard red winter wheat was tested at 26, 15 
and 5°C.Temperature and the toxicity of methyl bromide were 
negatively correlated. The LDSOs at 26, 15 and 5°C for soft and 
hard wheat increased by 20 and 14% as the temperature 
decreased from 26 to !5°C and by 29 and 44% as it decreased 
from 15 to 5°C, respectively. The effectiveness of the fumigant 
against S. granarius was influenced by the type of wheat. 
Methyl bromide was more effective in hard than in soft wheat 
when both were tested under the same conditions. The soft 
wheat sorbed more methyl bromide than the hard wheat, irre
spective of the temperature or the presence or absence of insects. 
Methyl bromide sorption decreased as the temperature 
decreased from 26 to l5°C and the difference in sorption 
between the wheat types increased as the temperature decreased 
from 26 to 5°C. 

1550 CLINE, L. D.; PRESS, J. W.; FLAHERTY, B. R. Suppres· 
sion of the rice weevil, Sitophilus oryzae (Coleoptera: Curculion
idae), inside and outside of burlap, woven polypropylene, and 
cotton bags by the parasitic wasp, Anisopteromalus calandrae 
(Hymenoptera: Pteromalidae). Journal of Economic Entomol
ogy (1985) 78 (4) 835-838 [En, 7 ref.] Stored-Product Insects 
Research & Development Laboratory, ARS, USDA, Savan
nah, Georgia 31403, USA. 

In tests in simulated warehouse rooms in the USA, single 
release of 50 pairs of Anisopteromalus calandrae in 8250 g of 
scattered wheat grain infested with about 1500 late-instar lar· 
vae and pupae of Sitophilus oryzae resulted in 76.1% suppres
sion of the curculionid. Small bags of cotton, burlap or woven 
polypropylene containing 275 g of infested grain retarded the 
mgress of A. ca/andrae, because none of the cotton bags and 
only 30.0 and 47.0% of the burlap and polypropylene bags, 
respectively, contained parasitized weevils. Overall, 12.9 and 
18.7% of the S. oryzae populations were suppressed in the bur
lap and polypropylene bags; however, when only bags contain
ing parasitized weevils were considered, suppression averaged 
about 55 and 49%. The pteromalid significantly reduced the 



numbers of S. oryzae emerging from scattered infested grain, 
thus protecting uninfested grain inside cotton, burlap and 
polypropylene bags placed adjacent to the infested grain. 

1551 HAGSTRUM, D. W.; MILLIKEN, G. A.; WADDELL, M.S. 
Insect distribution in bulk-stored wheat in relation to detection or 
estimation of abundance. Environmental Entomology ( 1985) 
14 (6) 655-661 [En, II ref., 3 fig.] US Grain Marketing 
Research Laboratory, ARS, USDA, Manhattan, Kansas 
66502, USA. 

A stratified sampling plan demonstrated that pattern of 
distribution of insects amon~ 9 regions of a bin (centre and edge 
or midway in 4 compass directions) differed between bins of 
wheat in Kansas. Within a bin, variation between 2 samples 
taken at a site was generally the largest, followed by variation 
between regions and then variation within a region between 2 
sites 30 em apart. The 5 most common species were most a bun· 
dant in the centre of the bin and another 4 species were most 
common along the bin wall. The negative binomial best 
described distribution of all species and variance increased more 
rapidly than the mean. Probability of detection increased with 
density, although progressively more slowly as density 
increased. Increase in number of samples with insects as a func
tion of increasing density was apparently reduced by a dispro
portionate increase in number of insects per sample as density 
mcreased. Sampling effort required for detection or estimation 
of abundance was modelled as a function of insect density, 
sample-to-sample variation, and acceptable accuracy or confi
dence levels. 

1552 TEOTIA, T. P. S.; SHUKLA, R. M. Studies on the 
growth of population of Rhizopertha dominica Fabricius. Plant 
Protection Bulletin, India (1982, reed. 1984) 34 (1/2) 15-18 
[En, 8 ref., I fig.] Div. Entomology, Uttar Pradesh Inst. Agric. 
Sci., Kanpur, India. 

At 29°C and 75% RH, the innate capacity for increase (r m) 
of the bostrichid Rhyzopertha dominica reared on wheat grains 
was 0.118, its finite rate of increase (1-) was 1.125 and its genera
tion time (T) was 39.2 days. When reared in 10 X 2.5-crn glass 
tubes in which space became a limiting factor but other condi
tions were similar, the population growth followed a sigmoid 
curve and oscillated around the asymptote (K) at 1472 individu
als per 49.03 crn3 of space. 

1553 RAJAK, R. L. Standardisation of dosage of dichlorvos 
and methods of their application for the control of storage insects 
under simulated warehouse conditions. Plant Protection Bulle
tin, India (1983, pub!. 1984) 35 (3/4) 1-6 [En, 6 ref., I fig.] 
Directorate of Plant Protection, Quarantine & Storage, 
Faridabad, Haryana, India. 

The concentration of dichlorvos needed to kill adults of the 
tenebrionid Tribolium castaneum, the curculionid Sitophilus 
oryzae and the bostrichid Rhyzopertha dominica, which were 
confined in cages on walls and on stacks of bagged wheat, and 
the methods of coml?uting the required concentrations of insec
ticide were studied m 2 simulated warehouses in India. Three 
methods of application were evaluated: the walls and floor were 
sprayed; the stacks were sprayed; and the stacks were sprayed 
and then covered with tarpaulins. Application of dichlorvos to 
the stacks without covenng them afterwards produced the 
greatest mortalities in the beetles on both the stacks and walls. 
End-point mortalities were reached 96 h after treatments. There 
were no significant differences in mortality in the range of con
centrations tested (54-120 rngjrn3). It was concluded that 
methods of calculating the concentrations of volatile insecticides 
to be used ought to be based on the vacant space in the ware
house, rather than on total volume. 

1554 ELDER, W. B.; GHALY, T. F. Insect population dynam
ics at the surlace of refrigerated wheat bulks of up to 15,000 
tonnes. In Proceedings of the Third International Working 
Conference on Stored-Product Entomology. October 23-28. 
1983, Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University (1984, 
reed. 1986) 78-98 [En, 7 ref., 8 fig.] Division of Chemical & 
Wood Technology, CSIRO, Melbourne, Victoria 3004, 
Australia. 

The results are presented of 3 trials in Australia in 
1977-81 on grain refngeration to control insect pests (includ
ing Oryzaephi/us surinamensis, Rhyzopertha dominica, 
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Sitophi/us oryzae, Tribolium castaneum and Cryptolestes fer
rugineus) to export standards in wheat in a steel shed of capac
ity 15 000 t. Refrigeration controlled infestation in the bulk, as 
indicated by low infestation levels at unloading, and decreasing 
levels at the surface, in the bulk and from incubations. Where 
there was no cooling in a section of the bulk, heavy infestation 
could occur but did not spread. 0. surinamensis was found to 
survive cold conditions that other species could not. There was a 
need for air distribution dueling in the centre of the shed to 
improve cooling. 

1555 ANDEREGG, B. N. Studies on the distribution and 
movement of 14C-malathion in stored wheat. In Proceedings of 
the Third International Working Conference on Stored-Prod
uct Entomology. October 23-28, 1983, Kansas State Univer
sity, Manhattan. Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 276-285 [En, 13 
ref.] US Grain Marketing Research Laboratory, ARS, USDA, 
Manhattan, Kansas 66502, USA. 

To investigate the effect of uneven insecticide application 
on the degradation of [14C]rnalathion, 100% of a sample of 
wheat grain with a 12.5% moisture content was treated at a dry 
weight concentration of 11.4 p.p. m. Five percent of a similar 
wheat sample was treated at 228 p.p.rn. (to give the same total 
amount of insecticide). During storage, the levels of radioactive 
malathion and its breakdown products in the treated kernels in 
the nonuniform treatment decreased steadily, while those in the 
untreated kernels in the same treatment increased over a period 
of 50 days. However, radioactive residues in the treated kernels 
were still over 9 times as high as in the untreated ones. Mala
thion degradation did not seem to be affected by relatively large 
differences in the residues found in individual kernels. The effect 
of dockage (small particles of broken grain, weed seeds, dust 
and other foreign material) was investigated by adding 
2.5-10% dockage to whole grain and adding radioactive mala
thion at I 0 p.p.rn. The total quantity of radioactive malathion 
residues recovered in the dockage fraction increased signifi
cantly, both as the ratio of dockage to whole grain increased and 
as the storage time increased. The large quantities of unextract
able residues recovered from the dockage fraction indicated that 
the insecticide was more rapidly degraded in the dockage than 
in whole grain. As the proportion of dockage in the grain 
increased, the recovery of radioactive volatile compounds 
decreased. These volatile compounds may contribute to the tox
icity of the insecticide. 

1556 LESSARD, F. F.; FUZEAU, B. Disinfestation of wheat in 
an harbour silo bin with an exothermic inert gas generator. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, Kansas State 
University, Manhattan, Kansas USA. Manhattan, Kansas, 
USA; Kansas State University (1984, reed. 1986) 481-486 [En, 
8 ref., 2 fig.] Laboratoire de Recherches sur les Insectes des 
Denrees, INRA, Centre de Recherches de Bordeaux, BP 131, F 
33140, Pont de Ia Maye, France. 

The disinfestation of stored wheat using inert gas (86-87% 
nitrogen, 11-12% carbon dioxide, <0.5% oxygen, with traces 
of hydrogen and carbon monoxide) produced by a commercial 
burner was investigated in a sealed silo of capacity 2500 tons in 
France, using Sitophilus granarius as a test insect. The results 
indicated that removing the oxygen content from the inter
granular spaces could be achieved at the low winter tempera
tures in France using short exposure periods. Adult weevils were 
susceptible to treatment after 21 days at 10-l2°C, but these 
conditions did not kill the immature stages. It was concluded 
that control would be completely satisfactory only above 20°C. 

1557 CLAFLIN, J. K.; EVANS, D. E.; FANE, A. G.; HILL, R. J. 
Thermal disinfestation of wheat in a spouted bed. In Proceed
ings oft he Third International Working Conference on Stored
Product Entomology. October 23-28, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 531-537 [En, 12 ref., 5 fig.] 
School of Chemical Engineering & Industrial Chemistry, Uni
versity of New South Wales, PO Box I, Kensington, NSW 
2033, Australia. 

The use in Australia of a gas-solids contactor known as the 
spouted bed to disinfest stored wheat by heating is described, 
with the bostrichid Rhyzopertha dominica as a test insect. The 
LT99s ranged from 30.8 min for inlet air temperatures of 70°C 
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to 3.0 min at 160°C. The corresponding maximum grain tem
peratures were 60 and 63 •c. 

1558 PATOUREL, G. N. J. LE The effect of grain moisture 
content on the toxicity of a sorptive silica dust to four species of 
grain beetle. Journal of Stored Products Research ( 1986) 22 
(2) 63-69 [En, 10 ref., 8 fig.] Dep. Pure & Applied Bioi., Impe
rial College, Silwood Park, Ascot, Berks, SL5 7PY, UK. 

The toxicity of a sorptive silica dust in samples of whole 
wheat to adult populations of the curculionid Sitophilus 
granarius, the tenebrionid Tribo/ium castaneum, the cucujid 
Cry pta/estes pusi/Ius and the silvanid Oryzaephilus surinamen
sis was assessed at grain moisture contents between 9.4 and 
18.7%. The tolerance of these species to the dust treatments was 
found to increase with increasing moisture content and to be 
unrelated to their relative abilities to survive short periods at low 
relative humidities when provided with food. 

1559 MANDAL, S.C.; GHOSH, S. N. Control of stored grain 
pests with particular reference to Sitophilus oryzae L. on wheat. 
Indian Journal of Entomology (1984, reed. 1986) 46 (2) 245-
247 [En, 4 ref.] Rajendra Agric. Univ., Sabour, Bhagalpur, 
India. 

An experiment was carried out in India in 1972-74 with 
the aim of finding a suitable storage container and a non-haz
ardous fumigant to protect wheat grains against infestation by 
the curculionid Sitophilus oryzae.A total of 9 treatments was 
tested. Fumigation with compounds including aluminium 
phosphide [which evolves phosphine] in an airtight bin, storage 
in an ordinary gunny bag under wheat straw or storage in an 
airtight bin prevented attack completely in all 3 years. 

1560 YOUNG, J. C.; SUBRYAN, L. M.; POTTS, D.; MCLAREN, 
M. E.; GOBRAN, F. H. Reduction in levels of deoxynivalenol in 
contaminated wheat by chemical and physical treatment. Jour
nal of Agricultural and Food Chemistry ( 1986) 34 (3) 461-467 
[En, 7 ref., 5 fig., I tab.] Chern. Bioi. Res. Inst., Agriculture 
Canada, Ottawa, Ont. KIA OC6, Canada. 

Of a variety of aqueous and gaseous reagents used to treat 
Ontario soft white winter wheat naturally contaminated with 
deoxynivalenol (DON) (approx. ll'g/g), aqueous sodium bisul
phite effected the greatest reduction in DON levels, with the 
extent of reduction dependent upon concentration and contact 
time. Flour resulting from milling of bisulphite-treated wheat 
contained only low (approx. 5% of original) levels of DON. 
However, when this flour was baked into a variety of products, 
DON levels increased to 50-75% of that in the untreated wheat 
due to alkaline hydrolysis of the DON sulphonate intermediate. 
Because of detrimental effects on the rheological properties of 
the dough, flour resulting from the treatment level employed 
would not be suitable for commercial use. Although reaction 
between pure DON and aqueous bisulphite occurred ra~idly at 
room temperature, DON was unaffected by treatment wtth gas
eous so2. 
1561 ISHII, K.; KOBAYASHI, J.; UENO, Y.; lcHINOE, M. 
Occurrence of trichothecin in wheat. Applied and Environmen
tal Microbiology (1986) 52 (2) 331-333 [En, 16 ref., I fig., 2 
tab.] Dep. Texico!. Microbial Chern., Fac. Pharm. Sci., Sci. 
Univ. Tokyo, Shinjuku-ku, Tokyo 162, Japan. 

Trichothecin, a toxic metabolite of Trichothecium roseum, 
was detected in 3 of 13 wheat kernel samples examined at levels 
of 560,290 and 270 ngfg. In addition, all the T. roseum isolates 
from the wheat produced the toxin on wheat. 

Pulses 

See also absts. /857, 1859, /862, 1899 

1562 TAKANO, T. [Prediction of major insect pests infecting 
soyabean seeds by the multiple regression equation.J Annual 
Report of the Society of Plant Protection of North Japan 
(1985) 36, 58-59 [Ja, 2 ref.] Miyagi Prefectural Agricultural 
Experiment Center, Takadate-kawakami, Natori, Miyagi 981-
12, Japan. 

1563 YADAV, T. D.; SINGH, S. Host-suitability of lentil for 
eigbt stored product insects. LENS (1985) 12 (I) 27-28 [En, 5 
ref.] Division of Entomology, Indian Agricultural Research 
Institute, New Delhi 110012, India. 
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The suitability of lentil flour as a food medium for eight 
stored products insects was evaluated in the laboratory. Tests 
were carried out at 65% RH and 27°C, except in the case of 
Trogoderma granarium which was at 32°C. Larvae of 
Latheticus oryzae and Corcyra cephalonica and adults of 
Cryptolestes pusillus totally failed to develop. The developmen
tal period of T. granarium, Tribolium castaneum, Lasioderma 
serricorne, Stegobium paniceum and Cadra cautella [Ephestia 
cautella] was considerably delayed compared with that on 
wheat flour, by as much as 4 times in the case of Trogoderma 
granarium. Except for E. cautel/a, the percentage emergence of 
adults was considerably lower on lentil flour than on wheat flour. 
The presence of anti-nutritional factors in lentil is considered to 
account for these results. 

1564 DICK, K. M.; CREDLAND, P. F. Variation in the 
response of Callosobruchus maculatus (F.) to a resistant variety 
of cowpea. Journal of Stored Products Research (1986) 22 (I) 
43-48 [En, 15 ref., I fig.] Department of Zoology, Royal Hollo
way & Bedford New College, University of London, Englefield 
Green, Surrey, TW20 9TY, United Kingdom. 

A Nigerian cultivar of the cowpea (Vigna unguiculata) has 
previously been identified as being less suitable than conven
tional varieties for the development of a local strain of Cal
losobruchus maculatus. The survival and duration of 
development of the immature stages of 3 strains of C. maculatus 
in the dried seeds of this cultivar were compared with the per· 
formance of the same strains of beetle on a susceptible variety. 
In all beetle strains, fewer larvae survived to produce adults, and 
the duration of development was significantly extended, in the 
resistant cowpea cultivar. A Brazilian strain produced fewest 
adults and a Nigerian strain had the longest mean development 
period. Combining all the data, it appeared that a strain from 
the Yemen Arab Republic was least influenced and that from 
Brazil most adversely affected by the resistant cowpea. Evidence 
is presented indicating that factors in both the cowpea seeds and 
the beetles themselves may contribute to the poorer perform
ance of bruchids in the resistant as compared to the susceptible 
variety. 

1565 JACKAl, L. E. N.; DAOUST, R. A. Insect pests of 
cowpeas. Annual Review of Entomology ( 1986) 31, 95-119 
[En, 199 ref., I fig.] International Institute of Tropical Agricul
ture, PMB 5320, Ibadan, Nigeria. 

The incidence, injuriousness, biology and control of insect 
pests of cowpeas (Vigna unguiculata) (including the stored 
product) in Africa and America are reviewed. Sections of the 
review are devoted to distribution, damage and pest biology 
(with subsections on Lepidoptera, Coleoptera, Homoptera, 
Hemiptera, Thysanoptera and Diptera) and control (with sub
sections on chemical control, plant resistance. cultural control, 
biological control) and integrated pest management (with a 
schematic presentation of an integrated pest management 
model for growing cowpeas in south-western Nigeria). 

1566 DAVIS, R.; BOCZEK, J.; PANKIEWICZ-NOWICKA, D.; 
KRUK, M. Efficacy of tricalcium phosphate as a legume grain 
protectant. In Proceedings oft he Third International Working 
Conference on Stored-Product Entomology. October 23-28, 
1983, Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University ( 1984, 
reed. 1986) 256-261 [En, 10 ref.] Stored-Product Insects 
Research and Development Laboratory, ARS, USDA, PO Box 
22909, Savannah, Georgia 31403, USA. 

When adults of Cal/osobruchus chinensis, C. maculatus 
and Acanthosce/ides obtectus were exposed to dusts of tri
calcium phosphate, complete mortality occurred in 6-8 h. 
When groups of adults of both sexes were exposed to the corn
pound mixed with navy beans (Phaseolus vulgaris) at concen
trations of 0.01-0.25%, the number of F1 adults of A. obtectus 
and C. chinensis that emerged were greatly reduced. Similar 
results were obtained with C. macu/atus in treated cowpeas 
(Vigna unguiculata). At doses of 0.1% and above, no F1 adults 
were produced by any species. 



'1567 WOHLGEMUTH, R. Comparative laboratory trial with 
insecticides under tropical conditions. In Proceedings of the 
Third International Working Conference on Stored~Product 
Entomology. October 23-28, 1983, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 286-289 [En] Biologische 
Bundesanstalt fiir Vorratsschutz, Berlin. 

Preliminary results are presented of laboratory trials with 
18 insecticides against Crypto/estes ferrugineus, Oryzaephl/us 
surinamensis, Rhyzopertha dominica, Tribolium castaneum 
and Trogoderma granarium in stored sorghum grain. The best 
results against all the species tested were obtained with fenitro
thion at 10, [jodfenphos] at 20 and etrimfos at 15 mgfkg. 

1568 BREWER, I. N.; HORBER, E. Evaluating resistance to 
Callosobruchus chinensis Linn. in different seed legumes. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, Kansas State 
University, Manhattan, Kansas USA. Manhattan, Kansas, 
USA; Kansas State University (1984, reed. 1986) 435-443 [En, 
12 ref., 4 fig.] Department of Entomology, Kansas State Uni
versity, Manhattan, KS 66506, USA. 

Of 16 varieties of 7 species of grain legumes tested for 
resistance to infestation by the bruchid Cal/osobruchus chinen
sis, the greatest damage was observed on mung bean (Vigna 
radiata) and least on lentil, broad bean (Vicia faba), cowpea 
(Vigna unguiculata) and one variety of chickpea ( Cicer arie
linum). Pigeon pea (Cajanus cajon), adzuki bean (Phaseo/us 
angularis IV. angularisj} and most chickpeas were intermedi
ate. Ovipositional antixenosis in the resistant chickpea variety 
was due to the rough, almost spiny, pericarp. Antibiosis was 
expressed in lentil, broad bean and cowpea. 

1569 DUGUET, J. S.; Wu, G. X. Assessment of activity of 
deltametbrin against Callosobruchus chinensis L and Cal
/osobruchus macu/atus Fab. (Bruchidae). International Pest 
Control (1986) 28 (2) 36-41 [En, 4 ref., 4 fig.] Roussel UCLAF, 
Div. Sci./R&D, 75020 Paris, France. 

The loss in dry weight of 128-g batches of cowpeas (Vigna 
unguicu/ata) between 30 and 60 days after 10 adults of Ca/
Iosobruchus maculatus had been introduced was in the range 
12.3-22.2%, depending on ambient humidity, in studies made 
in the Ivory Coast. A dust containing 0.2% deltamethrin was 
active against beetles for over 6 months at 0.75 and 1.00 p.p.m. 
when applied to artificially infested cowpeas in storage, whereas 
2% pirimiphos-methyl dust at a concentration of 10 p.p.m. was 
active onll for about 90 days under the same conditions. The 
activity o a spray of deltamethrin plus piperonyl butoxide at 
concentrations of 0.25, 0.50 and 1.00 p.p.m. of the pyrethroid 
against all stages of C. chinensis on stored mungbeans [Vigna 
radiata] was studied in the laboratory in China. The treatment 
was very effective against eggs and adults at all 3 concentra
tions, but was effective against concealed immature stages only 
after the 2nd generation. A minimum of 5 days' contact was 
required between beetles and treated beans for 100% mortality 
to occur at the same 3 doses. Treated beans stored for 228 days 
and then exposed to adults had residual activity at all 3 doses. 

1570 CHANDRAKANTHA, J.; MATHAVAN, S. Changes in 
developmental rates and biomass energy in Callosobruchus 
macu/atus (F.) (Coleoptera: Bruchidae) reared on different foods 
and temperatures. Journal of Stored Products Research (1986) 
22 (2) 71-75 [En, 19 ref., 3 fig.] School of Bioi. Sci., Madurai 
Kamaraj Univ., Madurai, 625 021, India. 

The developmental rates and corresponding changes in the 
biomass of life stages of Cal/osobruchus maculatus were stud
ied as functions of food type and temperature. The growth rate 
of C. maculatus was faster when reared on stored seeds of 
cowpea (Vigna unguicu/ata) followed by green gram (V. 
radiata) and beans (Dolichos /ab/ab (Lablab purpureus]). Lar
val periods were longer when C. maculatus was reared on L. 
purpureus than when reared on V. radiata or V. unguiculata. 
Survival and the growth response of C. maculatus were 
observed at 20-35"C and were greatest at 30"C and least at 
35°C. V. unguiculata and the environmental temperature of 
30"C appear to be the optimal factors of those studied for the 
success of C. maculatus populations. 
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1571 GONzALEZ VALENZUELA, M.; ROCHE, R.; SIMANCA, M. 
E. [fhe infestation and emergence capacity of Zabrotes sub· 
fasciatus (Bob) (Coleoptera: Bruchidae), a pest of stored beans.] 
[Abstract]. Capacidad de infectaci6n y emergencia de Zabrotes 
subfasciatus (Boh) (Coleoptera: Bruchidae}, plaga de granos 
almacenados. Centro Agricola (1984, reed. 1986) 11 (3} 111 
[Es] lnst. Investigaciones Fundamentales en Agric. Trop. 'Ale
jandro Humboldt', Acad. Ciencias de Cuba, Cuba. 

In studies in Cuba on Zabrotes subfasciatus, a pest of 
stored beans, females laid up to 56 eggs each and damaged up to 
36 beans. Oviposition and damage reached a peak on the 3rd 
day. The number of eggs laid and beans attacked increased as 
the number of beans available increased. Averages of 
41.5-77.2% of the eggs laid completed development to the adult 
stage, with a maximum of 97.8%. 

1572 ROCHE, R.; GONZALEZ VALENZUELA, M.; SIMANCA, M. 
E. [Life cycle of Cal/osobruchus macu/atus (Coleoptera: 
Bruchidac), pest of stored seeds.] Cicio de vida de Cal
/osobruchus macu/atus (Coleoptera: Bruchidae), plaga de gra
nos almacenados. Ciencias de Ia Agricu/tura (1985) No. 22, 
16-20 [Es, en, 5 ref., 2 fig.] Inst. Investigaciones Fundamentales 
en Agric. Trop. 'Alejandro de Humboldt', Acad. Ciencias de 
Cuba, Cuba. 

The life cycle and adult lifespan of Ca/losobruchus macu
latus in soyabeans were studied in the laboratory in Cuba at 
22.2-25. 6"C and 54.3-82.5% RH. Both males and females 
lived for a maximum of 16 days, with means of7.16±0.43 and 
6.86±0.41 days, respectively. The life cycle from egg to adult 
lasted 36-92 days for males (mean 59.51±0.51 days) and 
37-81 days (mean 60.43±0.53 days) for females. Survival 
from egg to adult averaged only 14.26%. 

1573 SUJATHA, A.; PUNNAIAH, K. C. Effect of coating 
stored seed of greengram with vegetable oils on the development 
of pulse beetle. Indian Journal of Agricultural Sciences (1985) 
55 (7) 475-477 [En, 4 ref.] Agric. College, Bapatla, Andhra 
Pradesh 522 101, India. 

In laboratory tests in India, stored seed of green gram 
(Vigna radiata) could be effectively protected from the bruchid 
Callosobruchus chinensis by treatment with the oils of sesame, 
cottonseed, oil palm or neem (Azadirachta indica) at a concen
tration of 0.25% or those of groundnut or coconut at 0.5%. 
Treatment with all the oils at 0.125% resulted in lower infesta
tions than the control. 

1574 HOLLOWAY, G. J. The potency and effect of pbytotox
ins within yellow split-pea (Pisum sativum) and adzuki bean 
(Vigna angularis) on survival and reproductive potential of 
Sitophilus oryzae (L.) (Coleoptera: Curculionidae). Bulletin of 
Entomological Research (1986) 76 (2) 287-295 [En, 19 ref., 3 
fig.] Population Bioi. Lab., Dep. Pure & Applied Zool., Univ. 
Reading, Whiteknights, Reading, Berks., RG6 2AJ, UK. 

Sitophilus oryzae is a serious pest of stored cereal grains. 
but recently a few populations have been found able to feed and 
breed on certain legumes also. Legumes contain many toxic 
phytochemicals. A technique is described to generate data suita
ble for probit analysis. enabling a dose-response line to a toxic 
food to be constructed. The toxic effects of 2 legumes, yellow 
split-pea and adzuki bean (Vigna angularis), on adult survival 
and reproduction in 3 geographical strains of S. oryzae were 
examined. The strains were shown to vary in their abilities to 
tolerate legume phytotoxins, but there was no correlation 
between the abilities to survive on different legumes in the same 
strain. Yellow split-pea was shown to have residual effects on 
adult survival and reproduction, but performance was enhanced 
rather than impaired. It issuggested that improved performance 
results from induction of certain enzymes by substances within 
yellow split-pea. The use of legumes mixed with cereals as a 
control measure against S. oryzae is also discussed. 

1575 AMODIO, R.; PRETE, U. DEL; D'ERRICO, M. M.; FIORE, 
P. [Mycotoxins in some vegetables.] Sulla presenza di 
micotossine in alcuni alimenti vegetali. Nuovi Annali d'lgiene e 
Microbio/ogia (1984) 35 (I) 51-56 [It, en, 16 ref., I tab.] Inst. 
Hygiene and Preventive Med., Fac. Med., Univ. Napoli, Italy. 

One hundred vegetable samples were analysed. Aftatoxins 
were detected in 16% of dried chickpeas (2-1 0 p.gfkg), in 23% of 
dried beans (2-7 lig/kg} and in 4% of lentil samples (8-1 0 
p.gfkg). No aflatoxins were detected in canned vegetables. 
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1576 PANDE, A. Changes in amino acid composition of 
bengal gram seeds due to Aspergillus niger infection. Biovigy
anam (1985) 11 (1) 115 [En, 2 ref., 1 tab.] M.A.C.S. Res.lnst., 
Pune 411 004, India. 

Healthy Cicer arietinum seeds contained 14 amino acids 
but only 12 of these were present in infected seed, proline and 
dihydroxyphenylalanine being absent. The remaining amino 
acids were present in lower concn, indicating the deterioration 
in seed quality. 

1577 MAHESHWARI, R. K.; MATH~R. S. K. Certain bio
chemical changes in labia (Vigna sinensis Savi) seeds infested 
with Aspergillus jlavus. Acta Botanica Indica (1985) 13 (2) 
198-202 [En, 23 ref., 3 tab.] Dep. Bot., Agra Coli., Agra 
282002, India. 

An isolate from stored labia [cowpea] was used to inoculate 
seeds which were then stored for 8 wk. Infested seeds showed a 
depletion in nonreducing sugars, an increase in reducing sugars 
and changes in the qualitative spectrum of sugars. Seeds were 
more severely affected under conditions of higher temp. and RH 
during storage. 

1578 MAHESHWARI, R. K.; MATHUR, S. K.; MATHUR, A. 
Relative capacity of six seed-borne fungi of lobia in deterioration 
of Iobia seeds (Vigna sinensis Savi). Acta Botanica Indica 
(1985) 13 (2) 221-223 [En, 17 ref., 1 fig.] Dep. Bot., Agra Coli., 
Agra 282002, India. 

Wide differences were found in the relative capacities on 
Aspergillus jlavus, A. fumigatus, A. nidulans, A. niger, A. 
terreus and Fusarium moniliforme [Gibberella fujikuroi] to 
reduce the quality of stored [cowpea] seed in terms of total 
sugars, reducing sugars, nonreducing sugars, total N, protein N, 
protein, fatty acid value and total carbohydrates. 

1579 BEN-EFRAIM, A.; LISKER, N.; HENIS, Y. Spontaneous 
heating and the damage it causes to commercially stored soy
beans in Israel. Journal of Stored Products Research (1985) 21 
(4) 179-187 [En, 20 ref., 5 fig., 5 tab.] Dep. Stored Products, 
Agric. Res. Organization, The Volcani Cent., Bet Dagan 50250, 
Israel. 

The problem is discussed in relation to fungal contamina
tion of soya beans in storage. With aeration and refrigeration, 
soya beans could be stored for almost 4 years (in contrast to the 
common storage of only a few months), without any noticeable 
change in seed properties. 

1580 THITE, A. N. Seed mycoflora of winged bean (Psopho
carpus tetragonolohus). Indian Journal of Mycology and Plant 
Pathology (1984) 14 (3) 303 [En, 2 ref.] Dep. Bot., Shivaji 
Univ., Kolhapur-416 004, India. 

Of 25 fungal spp. found associated with these seeds, Asper
gillus spp. were predominant (5 spp.) followed by 3 members of 
the Mucorales. Treatment of seeds with sodium chloride solu
tion reduced the numbers of fungi isolated. 

1581 STOSSEL, P. Aflatoxin contamination in soybeans: role 
of proteinase inhibitors, zinc availability, and seed coat integrity. 
Applied and Environmental Microbiology (1986) 52 (1) 68-72 
[En, 34 ref., 3 fig., 2 tab.] Nestle Res. Dep., Nestec Ltd., CH-
1800, Vevey, Switzerland. 

Studies with aflatoxinogenic strs. of Aspergil/usjlavus and 
A. parasiticus revealed that trypsin inhibitors do not affect the 
growth of these fungi and aflatoxin production. Further, the 
availability of zinc, an essential mineral for aflatoxin synthesis 
that was thought to explain increased aflatoxin accumulation in 
cooked compared with raw soyabeans, was shown to decrease 
upon cooking. Seed coat integrit~, ensuring limited access and a 
low moisture content, is respons1ble for the slow colonization of 
the seed by A. ftavus. 

FLOUR AND BAKERY PRODUCTS 

Flour 

See also absts. 1855, 2081 
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1582 EISA, A. A.; AMMAR, I. M.A.; RADWAN, H. S. A.; EL
NABAWI, A. Larvicidal activity and de-,.·elopment inhibition of 
the red flour beetle, Triholium castaneum Herbst fed insect 
growth regulators treated wheat flour. Minufiya Journal of 
Agricultural Research (1984, reed. 1986) 8, 405-415 [En, ar, 
14 ref.] Plant Protection Department, Faculty of Agriculture, 
Minufiya University, Shebin El-Kom, Egypt. 

The effects of wheat flour treated with Altosid 
(methoprene), Dimilin (diftubenzuron) and BAY SIR-8514 
[triflumuron]. either alone or in mixture, on larvae of Tribolium 
castaneum were studied in the laboratory. Jn general, the per
centage of larvae successfully reaching the pupal stage 
decreased as the concentration of insect growth regulator (IGR) 
was increased from 0.5 p.p.m. to 20.0 p.p.m. Triftumuron was 
particularly effective, causing an 81.8% reduction in the number 
of larvae reaching the pupal stage and a 100% inhibition of 
adult emergence at a concentration of 10 p.p.m. A mixture of 
triflumuron and mcthoprene was only marginally less effective 
at the higher concentrations. All the F1 progeny of surviving 
adults were killed by feeding for 3 weeks on flour treated with 
IGR concentrations of 5.0 p.p.m. or greater. 

Bakery products 

1583 KAt:R, P. Survival and growth of Bacillus cereus in 
bread. Journal of Applied Bacteriology (1986) 60 (6) 513-536 
[En, 10 ref., 3 tab.] Flour Milling & Baking Res. Association, 
Chorleywood, Herts WD3 5SH, UK. 

Bread doughs were artificially inoculated with spores of 6 
B. cereus strs. at different inoculum levels and counts of survi
vors in bread determined during storage at 27.5°C. No B. cereus 
were isolated from the centre crumb of 400 g loaves when the 
dough contained < 104 sporesfg whereas with 800 g loaves 
survival occurred with doughs containing 5 X 103 spores/g. 
With all strs. there was a period of at least 24 h before multipli
cation took place in the bread. The inclusion in dough of 0.2% of 
calcium propionate, based on flour, effectively delayed germina
tion and subsequent multiplication of B. cereus spores. It is 
concluded that the risk of food poisoning due to the presence of 
B. cereus in bread is minimal. 

OILSEEDS, NUTS, VEGETABLE OILS 

See also abst. 1450 

Oilseeds 

1584 ROBERTS, R. G.; ROBERTSON, J. A.; HANLIN, R. T. 
Fungi occurring in the achenes of sunflower (Helianthus 
annuus). Canadian Journal of Botany ( 1986) 64 (9) 1964-1971 
[En, fr, 43 ref.] USDA, ARS, Richard B. Russell Agric. Res. 
Cent., Athens, GA 30613, USA. 

When > 28 000 oil-type and confectionary sunflower seeds 
from several production areas in the USA were surface steril
ized and plated onto agar media, 98 spp. (38 gen.) were identi
fied from graded samples (grade Nos. 1 and 2, and sample 
grade) of seed stored at 20°C at 63, 83 and 93% RH and from 
developing seed field-grown in Georgia; 64 taxa are newly 
reported from sunflower seeds. The internal mycoflora of seed 
grown in Georgia differed in 2 consecutive yr; pre-harvest inva
sion of developing seed by storage fungi occurred during the dry 
growing season of 1983, and sp. diversity was greater than in 
1984, which had a relatively wet growing season.Although 
fewer total gen. and spp. were isolated in 1984, the percent of 
seed infected by and the number of species of Fusarium present 
in seed produced during the wet year were much greater than 
during the dry year. Potentially mycotoxigenic ( 45) and ther
mophilic (5) taxa were recorded, while 5 Microascus spp. previ
ously unknown from sunflower seed were isolated. 

Nuts 

See also absrs. !900, 1929, 1949 

1 



1585 WILSON, D. M.; JAY, E.; HILL, R. A. Microflora 
changes in peanuts (groundnuts) stored under modified atmo
spheres. Journal of Stored Products Research (1985) 21 (I) 
47-52 [En, 12 ref., 2 fig., 3 tab.] Univ. of Georgia, Coastal Plain 
Exp. Sta., Tifton, GA 31793, USA. 

These pilot scale experiments were designed to determine if 
long-term storage of peanuts is practical in modified atmo
spheres with minimal deterioration through moulding, aflatoxin 
contamination, and insect infestation, without use of refrigera
tion or pesticides. Two lots of U.S. No. I peanuts (248 kg) were 
stored at 26 ± 2'C for I yr in 1978-79 and in 1980-81, in 
atmospheres either of ca. 60% C02 simulated burner gas, ca. 
99% N2 or in refrigerated and non-refrigerated ambient air. In 2 
larger teSis, the C02 atmosphere was used with 1996 and 6451 
kg of peanuts in different non-refrigerated bins. When the C02 
was not recirculated in the 1996 kg bin the humidity and mois
ture increased and moisture migration occurred. The peanuts at 
the top moulded, predominantly with yeast species and Penicil
lium roque forti Thorn. Species of the genus Eurotium (Asper
gillus glaucus group), the A. jlavus group and various other 
Penicillium spp. were also isolated. These mycofloral changes 
were different from those seen in ambient a1r or refrigerated 
storage when moisture increases occurred. No moulding and 
only minor change in the microflora was observed in the bin with 
6451 kg of ~eanuts with C02 recirculation and humidity con
trol. Only mmor changes in the microflora occurred in the other 
treatments. No aflatoxins accumulated in any treatment. 

1586 KEEVER, D. W.; ARBOGAST, R. T.; MULLEN, M. A. 
Population trends and distributions of Bracon hebetor Say 
(Hymenoptera: Braconidae) and lepidorterous pests in commer
cially stored peanuts. Environmenla Entomology (1985) 14 
(6) 722-725 [En, 13 ref., 3 fig.] Stored-Product Insects 
Research & Development Laboratory, ARS, USDA, Savan
nah, Georgia 31403, USA. 

Naturally occurring insect populations were studied in a 
commercial warehouse containing farmers' stock groundnuts in 
Georgia, USA. Precision of 4 different sampling/analysis meth
ods, the temporal and spatial distribution patterns of Plodia 
interpunctella and Cadra cautella [Ephestia cautella}, and 
interactions between these moth species and the parasite Bracon 
hebetor were determined. Averaging 2 sampling units, each 21.6 
em square and 10.2 em deep. yielded more precise data than 
taking I sampling unit 30.5 em square and 10.2 em deep;each 
technique involved the same total volume of ground nuts. Moth 
populations had contagious distribution patterns and were more 
abundant on the side than the top (horizontal) surface of the 
groundnut stack. B. hebe tor appeared to greatly suppress moth 
populations, but not before groundnuts were damaged. 

1587 WOMACK, H. Insect problems associated with stored 
peanuts in Georgia- USA. In Proceedings of the Third Inter
national Working Conference on Stored-Product Entomology. 
October 23-28, 1983, Kansas Stale University. Manhattan, 
Kansas USA. Manhattan, Kansas, USA; Kansas State Univer
sity (1984, reed. 1986) 723-725 [En] Cooperative Extension 
Service, University of Georgia, PO Box 1209, Tifton, GA 
31793, USA. 

Notes are provided on 19 species of insects that are com
monly found in stored groundnuts in Georgia, USA. 

1588 RoDRiGUEZ, M.; RODRiGUEZ, A. [Reduction of 
aflatoxin production in groundnut by gamma irradiation.] 
Reducci6n de la producci6n de aflatoxinas en manl par radia
ciones gamma. Ciencia y Tecnica en Ia Agricultura (1983) 5 
(2) 103-110 [Es, en, 12 ref.] CNIC, Havana, Cuba. 

Groundnuts were inoculated with spore suspensions of 
Asfltrgillus parasiticus and irradiated with gamma rays from a 
Co source at 50, 100, 150 and 200 Krad. Aflatoxins were 
detected by thin layer chromatography. Concn were lowest on 
irradiation at 200 Krad. 
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COFFEE, COCOA AND TEA 

Coffee 

1589 REID, J. C.; MANSINGH, A. Economic losses due to 
Hypothenemus hampei Ferr. during processing of coffee berries 
in Jamaica. Tropical Pest Management (1985) 31 (I) 55-59 
[En, 15 ref.] Caribbean Agric. Res. & Dev. lost., PO Box 113, 
Mona, Kingston 7, Jamaica. 

The incidence of fruit perforation by the scolylid 
Hypothenemus hampei in coffee and the extent of damage to 
the beans was investigated in Jamaica in 1980-1981. An assess
ment of the loss of damaged beans during processing, grading 
and marketing estimated !hat 27.7% of the coffee would have 
been lost to export, 20.9% of this as a result of damage caused by 
H. hampei. 

TOBACCO 

See also abst. 1923 

1590 BENEZET, H. J. Sunrival of consecutive generations of 
cigarette beetles reared on media containing less than 1 ppm 
methoprene. In Proceedings of the Third International Work
ing Conference on Stored-Product Entomology. October 
23-28, 1983. Kansas Stale University. Manhattan, Kansas 
USA. Manhattan, Kansas, USA; Kansas State University 
(1984, reed. 1986) 217-221 [En, 5 ref.] R.J. Reynolds Tobacco 
Co., Winston-Salem, North Carolina 27102, USA. 

The insect growth regulator methoprcne will control popu
lations of the cigarette beetle [Lasioderma serricorne] when 
incorporated into tobacco at 5 p.p.m., preventing the emergence 
of F1 adults. When adult beetles were allowed to oviposit on 
media containing 0.66, 0.33, 0.15 and 0 p.p.m. methoprene, only 
the highest concentration significantly reduced emergence of 
the next generation. When F1 adults were transferred to new 
containers and allowed to oviposit. no larvae developed in con
tainers where beetles had been reared on media containing 0.66 
and 0.33 p.p.m. methoprene; a significant reduction in the num
ber of F2 adults emerging was found even at the 0.15 p.p.m. 
level. Control of the F1 generation on tobacco was 79% for 
treatment at 1.04 p.p.m. and 12% for treatment at 0.60 p.p.m.; 
the F2 was controlled at these concentrations. 

1591 CIIILDS, D.P.; BEARD, J. T. Cooling tobacco storages 
during the winter season for control of the cigarette beetle. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, Kansas State 
University, Manhattan, Kansas USA. Manhattan, Kansas, 
USA; Kansas State University (1984, reed. 1986) 516-522 [En, 
2 ref., 2 fig.] Agricultural Storage Insects Research Laboratory, 
ARS, USDA, Richmond, Virginia 23240, USA. 

A controlled ventilation cooling system was tested in Vir
ginia in 1981-83 for controlling the anobiid Lasioderma ser
ricorne in a tobacco warehouse. Warm periods that occurred in 
the mild winter of 1982-83 reduced the effectiveness of the 
controlled ventilation system. largely because the storage was 
not insulated and solar absorptivity of the outside paint was 
high. 

SPICES 

See also absts. 1450, 1899 

1592 SREEDHARAN, V. P.; SYMON, B.; NARAYANAN, C. S. 
Moisture influence on fungal growth in black pepper. Journal of 
Stored Products Research (1985) 21 (3) 127-129 [En, 9 ref., 2 
tab.] Regn. Res. Lab. (CSIR), Trivandrum-695019, India. 

At 18% moisture content, fungal growth occurred on black 
pepper, but it was not recorded at 13.9% moisture content. 
Trichothecium, Col/etotrichum and Fusarium spp. were iso
lated from fresh green pepper (Piper nigrum). In black pepper, 
Aspergillus and Penicillium spp. were observed. 
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1593 DOHROO, N. P.; SHARMA, S. L. EYaluation of fungi
cides for the control of rhizome rot of ginger in storage. Indian 
Phytopathology (1983, reed. 1986) 36 (4) 691-693 [En. I ref., I 
tab.) Dep. Mycol. Pl. Path., Himachal Pradesh, Krishi Vishwa 
Vidyalaya, Solan 173 230, India. 

In storage experiments in pits during 1980-81 and 1981-82, 
max. control of this disease, caused by Pythium p/eroticum and 
Fusarium equiseti, was obtained with Antracol (propineb, 0. 
25%), Fycop and Blitox-50 (both copper oxychloride, 0.3%) as 
30 min rhizome dips. 

SAUCES, DRESSINGS, SOUPS 

1594 NOUT, M. J. R.; BONANTS-VAN LAARHOVEN, T. M.G.; 
DREU, R. DE; GERATS, I. A. G. M. The inftuence of some 
process variables and storage conditions on the quality and shelf
life of soybean tempeh. Antonie van Leeuwenhoek (1985) 51 
(5/6) 532-534 [En, 2 ref., I tab.) Dep. Food Sci., Agric. Univ., 
6703 BC Wageningen, Netherlands. 

Preliminary studies on the effects of soaking, heating and 
inoculation procedures on the quality of freshly made and stored 
tempeh are reported. 

BEVERAGES 

1595 IWUAGWU, Y. 0. U.; IZUAGBE, Y. S. Preliminary 
studies on the preservation of oyokpo beer - a Nigerian fer
mented alcoholic be•erage. Microbios Letters (1986) 31 (123-
124) 115-118 [En, 8 ref., I tab.) Dep. Microbial., Univ. Benin, 
Benin City, Nigeria. 

Three preservatives, namely propionic acid, sodium 
metabisulphite and sodium benzoate, at concn of 0.025, 0.05 
and 0.1% were used with or without pasteurization at 65°C for 
30 min. Results indicated that addition of 0.1% sodium benzo~ 
ate plus pasteurization was the best procedure for preserving the 
beer for I month and possibly longer. (The beer usually becomes 
undrinkable after 48 h due to bacterial contamination). 

FRUIT AND VEGETABLES 

See also abst. 2084 

1596 ZONG, R. (eta/.) [Studies on optimizing temperature, 
humidity and atmosphere for prolonging the cold storage of 
green bean, cucumber and sweet pepper.) Journal of the Chinese 
Association for Refrigeration (I 984) No.3, 22-28 [Ch, 19 ref., 
6 fig.) From Bulletin de /'Institut International du Froid 45. 85-
2430. 

Results of experiments showed that (I) the optimal tem
perature for prolonging cold storage beyond one month with 
chill~sensitive vegetables was usually just above the chilling 
temperature. and below this sensitive point there was significant 
senescence and infection by pathogens; (2) excessive (2%) 
accumulation of C02 could induce russet discoloration in green 
beans whereas cucumber yellowing and aging were inhibited by 
3-6% C02• Green beans showed no sensitivity to ethylene at 1-
2.5 p.p.m. 

1597 BURDITT, A. K., JR.; BALOCK, J. W. Refrigeration as a 
quarantine treatment for fruits and vegetables infested with eggs 
and lanae of Dacus dorsalis and Dacus cucurbitae (Diptera: 
Tephritidae). Journal of Economic Entomology (1985) 78 (4) 
885-887 [En, 10 ref.) Yakima Agricultural Research Labora
tory. ARS, USDA, Washington 98902, USA. 

Research on the use of refrigeration as a potential quaran~ 
tine treatment for fruits and vegetables subject to infestation 
with Dacus dorsalis and D. cucurbitae that was conducted from 
1949 to 1951 is reviewed. The data showed that acceptable 
quarantine treatments were storage of infested fruit for 10 days 
at 2.8°C or below for D.dorsalis and similar treatment at or 
below 0°C for D. cucurbitae. However, probit analysis pre~ 
dieted that 16-20 days were required for fruit kept at 
0.6-2.8°C. 
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1598 SUMBALI, G.; MEHROTRA, R. S. Control of post-har
vest diseases of temperate fruits by chemicals and treated wrap
pers. Indian Phytopathology ( 1983, reed. 1986) 36 (2) 270-273 
[En, 4 ref., 2 tab.) Dep. Bot., Kurukshetra Univ., Kurukshetra 
132 119. India. 

Iodine-potassium iodide wraps, mercuric chloride and 
sodium bicarbonate dip treatments provided effective control of 
Asperfillus niger, Gliocladium roseum and Sclerotium rolfsii 
rots o peaches, apples and pears, respectively. 

1599 PANDURANGAN, A. G.; SURYANARAYANAN, T. S. A 
survey of the mycoflora associated with some fresh vegetables 
and fruits in a market. Journal of Economic and Taxonomic 
Botany (1985) 7 (2) 309-315 [En, 17 ref., 3 tab.) Dep. BOt., 
Vivekananda Coli., Madras-600 004, India. 

Results of the survey at Saidapet, Madras are tabulated. 
Koch's postulates proved useful in determining if the isolates 
were pathogenic or merely saprophytic. A study of the air spora 
indicated that mast of the fungi encountered were transmttted 
in the field or during transportation of the merchandise. 

Pome fruit 

1600 LIDSTER, P. D.; MCRAE, K. B.; JOHNSTON, E. M. 
Retention of apple quality in low-oxygen storage followed by 
standard controlled atmosphere regimens. Journal of the Amer
ican Society for Horticultural Science (1985) 110 (6) 755·759 
[En, 14 ref.) Agriculture Canada, Research Station, Kentville, 
N.S. Canada B4N 115. 

The initial storage of Mcintosh apples in a low-02 atmos~ 
phere (LO) of 1.5% C02 plus I% 0 2 at 3°C for as little as 1.25 
months reduced the rate of titratablc acids lass and the rate of 
apple softening in subsequent storage in the standard CA of 
5.0% C02 plus 3.0% 0 2 at 3°. With total storage time of 7.5 
months, the initial LO storage effect on titratable acid loss was 
observed in 2 out of 3 years, whereas the effects on firmness lass 
were consistent over 3 crop years. Spartan apples stored initially 
in LO at 0° were determined by a panel to retain crispness and 
hardness in subsequent standard CA of 3.0% C02 plus 2.5%02 
at 0°, with the h1ghest ratings obtained for durations of 3.0 
months in LO and 4.5 months in standard atmospheres, whereas 
Golden Delicious apples stored for 4.5 months in LO plus 3.0 
months in 3.0% C02 plus 2.5% 0 2 at oo were determined to be 
the crispest and hardest. Extended storage of Mcintosh apples 
in LO mcreased the incidence of flesh browning in 1981 but 
decreased the incidence of senile brown core [core flush] in 
1983. Storage of Mcintosh initially in LO for 2 to 5 months 
followed by the standard atmosphere reduced the risk of flesh 
browning resulting from low-02 injury and retained up to 90% 
of the firmness retention imparted by continuous LO storage. 

1601 VELKOV, L. [Fruit quality and losses in cold storage of 
the pear cultiYar Beurre d'Hardenpont in relation to the harvest 
date.] Rasteniev"dni Nauki (1985) 22 (12) 88-92 [Bg, en, ru, 7 
ref.) Institut po Ovoshcharstvo, Plovdiv, Bulgaria. 

The fruits were harvested at 3 stages of maturity (when 30, 
60 and 90% of the cross section turned a light colour (LC) in the 
iodine test) and stored at ooc and 85-87% RH for !50 days 
followed by ripening at 16,50 for I 0 days. The optimum harvest
ing date was when about 60% of the fruit section turned LC. 
Fruits harvested on that date had the best flavour but those 
harvested on the earlier date (30% LC) showed slightly lower 
storage lasses. 

1602 BOMPEIX, G. [Post-har.esttreatment of apples against 
storage diseases. New data and perspectives.] Traitement des 
pommes a pres recolte contre les maladies de conservation. Don
nees nouvelles et perspectives. Arboriculture Fruitihe (1985) 
32 (375) 43-46 [Fr, 4 col. pl.] Universitc Pierre et Marie Curie, 
Paris, France. 

A review and discussion, with mention of economic aspects, 
wound and latent parasitic fungi, efficiency of benzimidazoles 
(thiabendazole, benomyl, thiophanate and carbendazim) and 
post~harvest treatments. These last are considered justified in 
spite of objections from some consumers. 



1603 NOACK, B. [Culture treatments for the successful cul
tivation of Holsteiner Cox.] Kulturmassnahmen filr den erfol
greichen Anbau von Holsteiner Cox. Obstbau (1986) 11 (3) 
114-118 [De, 2 pl.] Obstbauberatungsring Schleswig-Holstein, 
2200 Elmshorn, German Federal Republic. 

The standard cv. Holsteiner Cox produced higher yields, 
with a greater proportion of large fruits and a lower incidence of 
calyx splitting than the Griesmann and Mahler types. In trials 
with various rootstocks, trees on M.9 and M.27 produced the 
highest yields in the 2 years after grafting. However, it is recom
mended that M.27 be used only if growth on M.9 is too vigorous. 
Pruning in the nursery leads to fewer, weaker and more horizon
tal branches being produced. The optimum spacing between 
trees was 2.00 X 4.25 m for M.9 and 1.50 X 3.75 m for M.27. 
Fertilizer requirements were low, with ~ood yields produced by 
unfertilized trees during 1980-85 and slightly better Y-ields with 
2 manure applications during this period. High ferttlizer rates 
depressed ytelds (data tabulated). Foliar sprays with Combi
Sttpp produced higher yields and fruit quality than Wuxal 
[NPK + trace elements + IAA + vitamin B1] sprays or con
trols. In various fungicide trials, the lowest leaf fall and scab 
[Venturia inaequalis] losses in storage, highest yields and larg
est fruit were obtained with the following annual spray regime: 
Delao [dithianon] (IX), Pomuran [unspecified] + Kumulan 
[sulphur + nitrothal-isopropyl] (3X), Polyram-Combi [zinc 
ammoniate ethylenebis(dithiocarbamate)-poly[ethylenebis 
(thiuram disulphide)]] (7X) and Orthocide 83 [captan] (4X). 

1604 FOLCHI, A.; MARt, M. [Storage of General Leclerc 
pears: biopatbological aspects.] Conservazione della pera Gen
eral Leclerc: aspetti biopatologici. Rivista di Frutticoltura e di 
Ortojloricoltura (1986) 48 (I) 57-61 [It, en, 23 ref., I col. pl.] 
Universita di Bologna, Italy. 

General Leclerc pears were more susceptible to attacks of 
storage rots, especially Penicillium expansum, when the fruit 
was stored in cold storage at oac than when it was stored at the 
same temperature in controlled atmosphere conditions with 3% 
oxygen and 3-7% carbon dioxide. Frutt quality was also better 
under controlled atmosphere conditions. Data are tabulated 
from physical, chemical and pathological analyses after 0, 4 and 
8 months' storage (in both conditions) of early-, mid- and late
harvested pears. 

1605 ZERBINI, P. E.; LOVATT!, L. (Post-harvest fungicidal 
sprays on Kaiser pears.] Trattamenti fungicidi post-raccolta su 
pere Kaiser. Rivista di Frutticoltura e di Orlofloricoltura 
(1986) 48 (I) 62-64 [It, en, 6 ref., I col. pl.] Istituto per Ia 
Valorizzazione Tecnologica dei Prodotti Agricoli, Milan, Italy. 

Cv. Kaiser pears were dipped, post-harvest, in preparations 
of seven fungictdes or their mixtures, and stored in a normal 
atmosphere. After 3 months, 600 p.p.m. TBZ [thiabendazole] 
(as Tecto 60) + 250 p.p.m. imazalil was the most effective 
mixture in reducing the incidence of Botrytis and Penicillium; 
the addition of vinclozolin to this mixture did not improve con
trol. Mixtures of TBZ with iprodione, procymidone, benomyl or 
carbendazim (as Bavistin) were not effective. Unusually, beno
myl had no effect on the incidence of Botrytis. There were 
significant differences in control of both storage rots between 2 
formulations of carbendazim (Derosalin L being more effective 
than Bavistin FL). Imazalil alone also gave good control of 
Penicillium. 

1606 BOMPEIX, G.; MORGAT, F.; IMBROGLINt, G. (Fruit 
treatment by fogging. First evaluation of the practical possibili
ties against storage diseases.] Traitement des fruits par 
thermonCbulisation. Premiere evaluation des possibilitCs prati
ques centre les maladies de conservation. Arboriculture Frui~ 
tii!re (1986) 33 (384) 71-72 [Fr, I pl.] Universite Pierre et 
Marie Curie, Paris, France. 

A fogging trial with ethoxyquin was carried out in a store 
(1680 m3) containing 12.6 t of apples (cv. Golden Delicious) in 
pal ox boxes. Ethoxyquin distribution was very regular 24 h after 
treatment and scald control was similar to that obtained by 
dipping. 

1607 BATCHELOR, T. A.; O'DONNELL, R. L.; ROBY, J. J.; 
GRANT-MACKIE, E. The efficacy of chlorpyrifos impregnated 
polyethylene film in controlling leafrollers. Proceedings, New 
Zealand Weed and Pest Control Conference (1985) No. 38, 50-
52 [En, 6 ref.] Entomology Div., DSIR, Auckland, New 
Zealand. 
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Chlorpyrifos-impregnated polyethylene film was tested in 
New Zealand against Epiphyas postvittana, Ctenopseustls 
obliquana and Planotortrix excessana in harvested apples for 
export. After 30 days of cool storage, the highest rate of 
chlorpyrifos film used exceeded the maximum allowable residue 
for chlorpyrifos in apples for North Americat and failed to cause 
complete mortality of the tortricids. 

1608 BATCHELOR, T. A.; O'DONNELL, R. L.; Rosv, J. J. 
The efficacy of controlled atmosphere coolstorage in controlling 
leaf roller species. Proceedings, New· Zealand Weed and Pest 
Control Conference (1985) No. 38, 53-55 [En, 8 ref.] Entomol
ogy Div., DSIR, Auckland, New Zealand. 

The elfect of 30, 90 and 120 days of controlled atmosphere 
cool storage on Epiphyas poslvittana, Ctenopseustis obliquana 
and Planotorlrix excessana was investigated by artificially 
infesting harvested apples. A period of at least 90 days is pro
posed as a quarantine treatment for apples exported from New 
Zealand. 

1609 BEHR, L.; URBAN, E. [Phytophthora cryptogea 
Pethybr. et Laff. as cause of a storage rot of apple.] 
Phytophthora cryptogea Pethybr. et Laff. als Erreger einer 
Lagerfaule am Apfel. Archiv fiir Phytopathologie und 
Pjlanzenschutz (1986) 22 (I) 41-48 [De, ru, en, 15 ref., 4 fig.] 
Martin-Luther-Univ., Halle-Wittenberg, German Democratic 
Republic. 

The symptoms are outlined of a storage rot first occurring 
in Mar. 1983 in the GDR on fruits of apple cv. Golden Deli
cious. The causal agent was isolated and identified as P. 
cryptogea. The disease was induced experimentally both by 
inoculating with an isolate of P. cryptogea and by covering 
wounded apple fruits with soil naturally infested with the fun
gus. The probable time and place where infection occurred is 
discussed. 

1610 SPOTTS, R. A. Relationships between inoculum con
centrations of three decay fungi and pear fruit decay. Plant 
Disease (1986) 70 (5) 386-389 [En, II ref., 4 fig., 2 tab.] 
Oregon State Univ., Mid-Columbia Exp. Sta., Hood River, OR 
97031, USA. 

The relationships between inoculum concn of Botrytis 
cinerea, Mucor piriformis, and Penicillium expansum and 
decay of Anjou pear fruits were nonlinear and best described by 
quadratic regression equations. At each inoculum concn up to 
2000 conidia/mi. P. expansum caused more decay of wounded 
fruits than B. cinerea or M. piriformis. However, when fruits 
were inoculated by immersion of stem ends, M. pinformis 
caused the highest incidence of decay. Less decay developed in 
spray-rinsed fruits than in nonrinscd fruits. Decay developed 
when fruits were inoculated with any of the fungi at various 
times after harvest up to 7 d at 20°C or 24 wk at -1.1. 

1611 NEMA, D. K. Changes in sugars of apple due to 
Alternaria a/ternata infection. Indian Phytopathology (1983, 
reed. 1986) 36 (4) 626-629 [En, 15 ref., 2 fig.] Dep. Postgrad. 
Studies and Res. Bioi. Sci., Univ. Jabalpur, Jabalpur 482 001, 
India. 

Inoculation of fruits reduced the concn of sugars to a 
greater extent in cv. Delicious than in American. Sucrose could 
no longer be detected after 3 and 9 d in these cultivars, respec
tively. Galacturonic acid was found only in infected fruits. 

1612 TAK, S. K.; VERMA, 0. P.; PATHAK, V. N. Factors 
affecting conidial germination of Alternaria alternata (Fries) 
Keissler causing fruit rot of apple. Korean Journal of Plant 
Protection (1986) 24 (3) 129-133 [En, 15 ref., 6 fig.] Dep. Pl. 
Path., S.K.N. Coli. Agric., Jobner-303329 Rajasthan, India. 

Germination was max. at 3o•c, 100% RH and at pH 5.5. 
Among 11 fungicides, Syllit [dodine] and among 5 growth regu
lators, Planofixt caused max. inhibition of conidial germination. 

Stone fruit 

1613 NGUYEN-TilE, C.; SOUTY, M. (Peach rot caused by 
Rhizopus stolonifer.] La pourriture des peches par Rhizopus 
sto/onifer. Arboricufture Fruitiere (1985) 32 (376) 54-56 [Fr, 9 
ref., I pl.] INRA, Station de Technologie des Produits 
Vegetaux, Montfavet, France. 
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A review and discussion. Harvested peaches are rapidly 
attacked by R. stoloni{er, being covered by mycelium in 3-4 
days at 20'C. In triafs with a clingstone (cv. Klamt) and a 
freestone (Fayette) peach, both cultivars showed equal suscepti
bility at all stages of maturity although immature green fruits 
were more resistant than mature fruits. Post-harvest dips with 
iprodione and 2.6-dichloro-4-nitroaniline have been used but 
are not allowed in France. Other possible control measures 
include washing with a sodium hypochlorite solution and heat 
treatment. 

1614 PARSONS, M. Euzophora bigel/a (Zeller) 
(Lepidoptera: Pyralidae): a second British record. Entomolo
gist's Gazette (1986) 37 (1) 40 [En, I ref.] The Forge, Russells 
Green, Ninficld, Battle, East Sussex, UK. 

In August 1985, a larva of Euzophora bigel/a was found 
infesting a peach in southern England that had been imported 
from Italy. 

1615 FOUR!E, J. F.; HOLZ, G. Postharvest fungal decay of 
stone fruit in the south-western Cape. Phytophylactica (1985) 
17 (4) 175-177 [En, fr, 24 ref., I fig., 3 tab.] Fruit and Fruit 
Techno!. Res. Inst., Stcllcnbosch 7600, South Africa. 

In a survey in the fruit producing areas of the SW Cape 
region of S. Africa, fruit delivered by growers was subjected by 
the Deciduous Fruit Board to storage conditions simulating 
overseas shipment. At the end of the storage period isolations 
were made from fruit designated as defective. Most decay was 
attributed to Botrytis cinerea (73%), Monilinia laxa (12%) and 
Rhizopus stolonifer (!!%).B. decay occurred at a consistently 
high frequency on plums and peaches from most of the produc
tion areas. Only M.laxa was isolated from fruit with typical M. 
decay symptoms. 

1616 FOURIE, J. F.; HOLZ, G. Artificial inoculation of stone 
fruit with Botrytis cinerea, Monilinia laxa and Rhizopus 
sto/onifer. Phytophylactica (1985) 17 (4) 179-181 [En, af, 20 
ref., 2 fig.] Fruit and Fruit Techno!. Res. Inst., Stellenbosch, 
7600, South Africa. 

High infection rates were obtained with all 3 postharvest 
decay fungi on peaches and plums when a drop of spore suspen
sion was placed on the fruit. Wounding did not significantly 
affect disease incidence on peaches, but was necessary for plum 
infection. Infection of peaches and plums increased with an 
increase in spore concn >I X 103 sporesfcm3• Infection by all 
pathogens was established within 12 h. It is suggested that this 
period should be taken into consideration when evaluating fun
gicides for their protective and postinfection activity. 

1617 PUSEY, P. L.; WiLSON, C. L.; HOTCHKISS, M. W.; 
FRANKLIN, J. D. Compatibility of Bacillus subtilis for pos
thanest control of peach brown rot with commercial fruit waxes, 
dicloran, and cold-storage conditions. Plant Disease (1986) 70 
(6) 587-590 [En, II ref., I fig., 3 tab.] Southeastern Fruit Tree 
Nut Res. Lab., Byron, GA 31008, USA. 

B. subti/is str. B-3, previously shown effective against 
brown rot of harvested stone fruit, was tested further in the lab. 
to determine whether the bacterium, as a substitute for a chemi
cal fungicide, would be compatible with other postharvest 
agents or procedures used commercially. To wounded or 
nonwounded fruit, preparations of B-3 were applied in combina
tion with commercaal fruit waxes and dicloran, a fungicide used 
widely for Rhizopus control. Fruit were subsequently chal
lenged with spores of Moni/iniafructico/a and incubated at 20 
or 25°C. In a few instances, wax appeared to have a slight 
negative effect on the activity of B-3 against M. fructicola, but 
dicloran provided added protection against the fungus. When 
fruits treated with B-3 were subjected to simulated cold-storage 
conditions (2-4') for up to 21 d before the fungal-spore chal
lenge and incubation at 20°, antifungal activity was retained. 
The study indicates potential commercial application of B. sub
tilis for postharvest control of brown rot. 

Tropical and Subtropical fruit 

See also absts. 1899-1900 
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1618 TAN, S.C.; LAM, P. F. Effect of gamma irradiation on 
PAL activity and phenolic compounds in papaya (Carica papaya 
L.) and mango (Mangifera indica L.) fruits. ASEAN Food 
Journal (1985) 1 (3) 134-136 [En, 15 ref.] From Food RA 
Abstracts 39, S0686. 

Phenolic compounds play a role in reducing the susceptibil
ity of both fruits to fungal fruit rot. The effects of gamma 
irradiation on phenyl-alanine ammonia-lyase (PAL) and phe
nolic compounds are reported. 

1619 WANG, Q. Method of storing citrus fruit in rural 
China: simple but effective. Progressive Horticulture ( 1984) 16 
(3/4) 316-318 [En, I pl.] China Features PO Box 522, Beijing, 
China. 

The Li Zhuoru method, outlined, consists of withholding 
irrigation from orange trees 1 week before harvest and spraying 
with a mixture of carbendazim and Topsin [thiophanatej 
diluted 1000 times+ 2,4-D at 30 p.p.m. As 2/3 of the skin turns 
orange the fruits are harvested (usually in late October in the 
Hunan province) on windless cloudy days and placed in bamboo 
baskets lined with pine needles, rice straw and paper. The bas
kets with the fruits are dipped in a mixture of diluted 
carbendazim and 2,4-D (100·250 p.p.m.) for a few seconds and 
placed in a well-ventilated room for about a week. The fruits in 
the baskets arc then placed in a double-walled store (with venti
lation holes) which is sterilized by burning sulphur 2 weeks 
before the harvest. The store temperature is maintained 
between 4 and l5°C with minimum temperature fluctuations. 
The fruits are inspected monthly and decaying ones removed. 
After I 40 days in storage, desiccation losses usually amount to 
about 8%. 

1620 YADAV, G. R.; PRASAD, B.; UPAD!lYAYA, J. Effect of 
post harvest treatments on storage rot of litchi fruits. Progres
sive Horticulture (1984) 16 (3/4) 351-352 [En, 4 ref.] Horti
cultural Experiments and Training Centre, Saharanpur 247 
001, India. 

In 3-year trials, fruits dipped for 10 minutes in solutions of 
several fungicides were stored in perforated polyethylene bags 
at 3.8·5.5'C for 6 weeks. Good control of Geotrichum 
candidum was obtained with nickel chloride at 0.1 %, nickel 
sulphate at 0.1% or Difolatan [captafol] at 0.2%. 

1621 SHARKEY, P. J.; LITTLE, C. R.; THORNTON, I. R. 
Effects of low density polyethylene liners and',bigh-density poly
ethylene wraps on quality, decay and storage life of lemon and 
tangor fruits. Australian Journal of Experimental Agriculture 
(1985) 25 (3) 718-721 [En, 9 ref.] Horticultural Research Insti
tute, P.O. Box 174, Ferntree Gully, Vic. 3!56, Australia. 

In southern Australia most lemons and tangors mature in 
winter and early spring but the main demand occurs about 6 
months later in the summer. Winter-maturing Lisbon lemons 
and Ellendale tangors which had been dipped in fungicides 
(benomyl, guazatine) and 2,4-D, all at 0.5 gflitre, and waxed 
(with Citruscal) developed <10% rot (mainly Penicillium dig
itatum) but remained fresh for only 2-3 months in cool storage 
at !O'C and 80-90% RH. High density polyethylene (HDPE) 
wraps delayed loss of firmness and peel coloration of tangors and 
lemons for 5 and 8 months, respectively, in cool storage but both 
developed unacceptable levels of rotting within 4 months of 
harvest. Perforated low-density polyethylene liners were less 
effective than HDPE wraps for preserving condition but they 
extended lemon storage life until early January (6 months) 
without incurring levels of decay > 10%. However, tangors cool
stored in liners became unsalable after only 3-4 months owing to 
loss of acidity and flavour. 

1622 SAMPAIO, V. R. [Post-harvest rot control in cold
stored Bourbon mangoes.] Controle em p6s-colheita das 
podridOes da manga Bourbon, conservada em c:imara fria. 
Anais da Escola Superior de Agricultura "Luiz de Queiroz" 
(1983) 40 (I) 519-526 [Pt, en, 9 ref.] ESA "Luiz de Queiroz", 
Piracicaba, SP, Brazil. 

Mangoes were (i) not treated, (ii) immersed in water at 
55°C for 10 minutes, (iii) immersed for 5 minutes at 50° in 
benomyl solution at 0.025%, (iv) as for (iii) in 0.050% solution, 
(v) as for (iii) at 55' in 0.025% solution, or (vi) as for (v) in 
0.50% solution. All treatments controlled anthracnose ( Col/eto
trichum gloeosporioides [Glomerel/a cingulata]). Losses due to 
soft rot (caused by several spp. including Botryodiplodia the
obromae) were 44, 36, 20, 20, 4 and 8%, respectively. 



1623 COUEY, H. M.; ARMSTRONG, J. W.; HYUN, J. W.; 
THORNBURG, W.; NAKAMURA, A. N.; LINSE, E. S.; OGATA, J.; 
VETRO, R. Quarantine procedure for Hawaii papaya, using a 
hot~water treatment and high~temperature, low-dose ethylene 
dibromide fumigation. Journal of Economic Entomology 
(1985) 78 (4) 879-884 [En, II ref.] Commodity Treatment, 
Handling, & Distribution Unit, Tropical Fruit & Vegetable 
Research Laboratory, ARS, USDA, PO Box 4459, Hilo, 
Hawaii 96720, USA. 

On the basis of laboratory experiments in Hawaii on the 
tephritids Ceratitis capitata, Dacus cucurbitae and D. dorsalis, 
a modification of the standard ethylene-dibromide fumigation 
quarantine system for Hawaii-grown papayas is proposed. The 
new procedure omits hydrocooling the fruit after hot-water 
treatment and permits fumigation at a fruit temperature of 
33°C or above. The effective dose of ethylene dibromide is 
reduced from 8 to 4 gfm3, with concomitant reductions of resi
dues in the fruit. 

1624 Detection system nips new Mexican fruit fly outbreak. 
Citrograph (1985) 70 (10) 224 [En, I fig.] 

The Mexican fruit fly [Anastrepha ludens] was redis
covered in California in mangoes imported from Mexico but 
was successfully eradicated. New quarantine regulations 
regarding the importation of fruit from Mexico to the USA are 
described. 

1625 LAL, H. Studies on post harvest life of Unshiu man
drin. Indian Botanical Reporter (!985) 4 (2) 169-171 [En, 6 
ref., 1 tab.] Government Fruit Res. Sta., Pithoragarh, India. 

Treatment of these mandarins (Citrus unshiu [C. reticu
/ata]) with Dithane M-45 [mancozeb] and boric acid (0.5%) 
prevented losses from rotting. Fruits treated with soap solution 
(1%), mustard oil (10%) and fungicidal emulsions retained bet
ter taste and flavour even after 5 weeks' storage. 

1626 SONAWANE, C. S.; UTIKAR, P. G.; SHINDE, P. A. Post
harvest fungal flora of pomegranate. Journal of Maharashtra 
Agricultural Universities (1986) II (l) 107-108 [En, I I ref.] 
Mahatma Phule Agric. Univ., Rahuri 413 722, India. 

A survey of the fruit in local markets yielded isolates of II 
fungal spp. including Aspergillus niger, Penicillium fre
quentans, Rhizopus sp., Alternaria alternata, Aspergillus 
flavus. A. fumigatus, G/omerel/a cingula/a, Phoma sp., P. 
punicae and Phomopsis sp. 

1627 KRISHNAIAH, J.; SATYAPRASAD, C. H.; SINGH, T. G.; 
THIRUPATHAIAH, V. Post-harvest protection of guava fruits 
using Decco food-grade fruit coatings. Indian Botanical 
Reporter (1985) 4 (2) 151-153 [En, 16 ref., I tab.] Mycol. PI. 
Path. Lab., Dep. Bot., Kakatiya Univ., Warangal-506 009, 
India. 

The application of Decca coatings controlled post harvest 
diseases when used at 0.04 ml/ I 00 g fruits. Spoilage fungi 
included Aspergillus, Botryodiplodia, Col/etotrichum, 
Fusarium, Glomerella, Gloeosporium, Pestalotia, Penicillium 
and Phytophthora. 

1628 MAJUMDAR, V. L. Some fungi hitherto unrecorded on 
gua¥a (Psidium guajava L.) fruits. Indian Botanical Reporter 
(1985) 4 (2) 195 [En, 2 ref.] Dep. Pl. Path., S.K.N. Col!. Agric., 
Jobner 303 329, India. 

New records encountered during surveys in orchards and 
fruit markets during 1983 and 1984 included Botryosphaeria 
ribis, Cladosporium oxysporum, Chaetomium homopilatum, 
C. lucknowense, Cochliobolus spicifer, Fusarium decemcel/u
lare, F. semitectum, Gi/bertella persicaria, Hormoconis sp., 
Pt?stalotiopsis palmarum. Rhizopus arrhizus, R. oryzae, R. 
microsporus and Thielavia microspora. 

1629 ALABI, R. 0. Disease of mango (Mangiferae indica) 
fruits caused by Dothiorella domlnicana. International 
Biodeterioration (1986) 22 (l) 21-25 [En, 4 ref., 9 fig., 2 tab.) 
Dep. Bioi. Sci., Univ. Borin, Nigeria. 

A soft rot disease caused by D. dominicana on mango fruits 
on farms and in market stalls around Herin, Nigeria resulted in 
losses of 10. 94-13.56%. The pathogen stains the epicarp black 
and turns the mesocarp from yellow to dark brown or black, 
thereby reducing the quality and market value of the fruits. The 
causal agent, which was frequently isolated from fruits and 
leaves, grew well on glucose, fructose and ripe mango mesocarp 
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agar but less so on unripe mesocarp agar. Infectivity was high on 
fruits with soft epicarp such as tomatoes, guava and aubergines 
normally grown in association with mango. 

1630 Rov, A. K. Perpetuation of Rhizopus artocarpi -
incitant of Rhiz.opus fruit rot of jackfruit. Indian 
Phytopathology (1983, reed. 1986) 36 (2) 344-345 [En, 4 ref., I 
tab.] Reg. Res. Sta., Assam Agric. Univ., Diphu 782 460, India. 

The fungus can remain viable on rotten fruits of Arlo
carpus heterophyllus in garden soil up to 4 1/2-5 months. Lon
gevity persists in sterilized soil for up to 31 wk. 

1631 ANJANA SINGH; SINHA, K. K. Biochemical changes 
and anatoxin production in guava fruits by Aspergillus jlavus 
and A. parasiticus. Indian Phytopathology (1983, reed. 1986) 
36 (2) 365-366 [En, 10 ref., I tab.] Mycotoxin Lab., Post
Graduate Dep. Bot., Bhagalpur Univ., Bhag>lpur 812 007, 
India. 

A. flavus and A. parasiticus produced 0.563 and 0.257 
p.p.m. of aflatoxin 8 1 in inoculated guava fruits, respectively. 
Considerable losses were caused in the quantity of total, reduc
ing and nonreducing sugars, protein and ascorbic acid, and 
phenol contents were increased by 85 and 78%, respectively. 

1632 CHAKRABARTI, N. A note on post-harvest rot of guava 
caused by Fusarium so/ani. Indian Phytopathology ( 1983, reed. 
1986) 36 (3) 556 [En, 4 ref.] Dep. Bot., Univ. Burdwan, 
Burdwan 735 310, India. 

Severe losses were caused by this disease in markets in 
Burdwan and its neighbourhood. 

1633 RAM, V.; VIR, D. Chemical control of Aspergillus rot 
of banana fruits. Indian Journal of Mycology and Plant 
Pathology (1984) 14 (3) 286 [En, 4 ref.] Div. Mycol. Pl. Path., 
I.A.R.I., New Delhi-110012, India. 

Benzimidazole fungicides controlled A. niger in inoculated 
fruits, prolonging shelf life up to 8 d. Among the other fungi
cides tested, only sodium metabisulphite gave equal control. 
Propionic acid and salicylic acid were effective for only 4 d. 

!634 VYAS, N. L. Change in carbohydrate, free amino and 
organic acid contents of papaya fruits, by Trichothecium 
roseum. Indian Journal of Mycology and Plant Pathology 
(1984) 14 (3) 287-288 [En, 6 ref.] Durgapura Seed Testing 
Lab., Agric. Dep., Jaipur, Rajasthan, India. 

Sucrose, glucose and fructose were present in healthy as 
well as infected pawpaw fruits and the concn of sugars increased 
with duration of the incubation period. Asparagine, Laami
nobutyric acid, leucine and phenylalanine were present in both 
healthy and infected fruits but amounts of serinc+glycine 
decreased and the rest of the amino acids were absent from 
infected fruits. Valine was present only in infected tissue. Infec
tion decreased the concn of citric and fumaric acids and 
increased tartaric acid, while succinic acid was unchanged. 

1635 GOSSELt, F.; SWINGS, J. Identification of Acetobacter 
Jiquefaciens as causal agent of pink-disease of pineapple fruit. 
Journal of Phytopatho/o/5)' (1986) 116 (2) 167-175 [En, de, 24 
ref., 2 tab.] Plant Genetic Systems, Ghent, Belgium. 

Several bacterial spp. have been associated with the dis
ease, causing pink-brown discoloration of the fruit tissues dur
ing the canning process. Two isolates from pineapple in Hawaii, 
USA were identified as A. liquefaciens and compared with 8 
other A. liquefaciens, 10 Gluconobacter oxydans and 7 
Frateuria auranlia strs. by extensive phenotypic characteriza
tion. Similarities and differences between these bacteria are 
discussed. 

Soft fruit 

1636 PI LANDO, L. S.; WROLSTAD, R. E.; HEATHERBELL, D. A. 
Influence of fruit composition, maturity, and mold contamination 
on the color and appearance of strawberry wine. Journal of 
Food Science (1985) 50 (4) 1121-1125 [En, 19 ref.] Oregon 
State University, Corvallis, OR 97331, USA. 

Colour composition of wines made from ripe, overripe and 
mould (mainly Botrytis cinerea)-contaminated fruit (cultivars 
Benton and Totem) was monitored aver 6 weeks' storage. Over
ripe fruits, which had higher anthocyanin and total phenolic 
contents, gave better coloured wines than fully ripe fruits. 
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Totem fruit had higher anthocyanin, lower polyphenol oxidase 
activity and lower total phenolics content than Benton fruit, and 
produced better coloured wines. Mould contamination 
increased juice viscosity, reduced fermentation rate and acceler
ated colour degradation. 

Grapes 

1637 LADANIYA, M. S.; BHUllAR, J. S. Effect of plant 
regulators on the storage behaviour of Perlette grapes. Journal 
of Research, Punjab Agricultural University (1985) 22 (3) 467-
473 [En, 10 ref.] Punjab Agricultural University, Ludhiana, 
India. 

The clusters were dipped in solutions of Cycocel [chlorme
quat] at 2000-4000 p.p.m., Alar [daminozide] at 2000-4000 
p.p.m. or kinetin at 50·150 p.p.m. at the pre-bloom stage or at 
the second stage of rapid berry development. After harvest the 
bunches were placed in perforated polyethylene bags and stored 
at 0 to 3 •c and 85-90% RH for up to 50 days. The mean weight 
loss and berry rot were lowest in bunches treated pre-bloom with 
chlormequat at 4000 p.p.m. Berry shatter was best controlled 
with daminozide at 4000 p.p.m. or kinetin at ISO p.p.m. Data 
are also tabulated on grape acidity and total sugar and ascorbic 
acid contents. The total sugars were highest in grapes treated 
with chlormequat at 4000 p.p.m. during the second stage of 
rapid berry development. 

Melon, Pumpkin, etc. 

See also abst. 1899 

1638 ARMSTRONG, J. W.; GARCIA, D. L. Methyl bromide 
quarantine fumigations for Hawaii-grown cucumbers infested 
with melon fty and oriental fruit fty (Diptera: Tepbritidae). Jour
nal of Economic Entomology (1985) 78 (6) 1308-1310 [En, 6 
ref.] Tropical Fruit & Vegetable Research Laboratory, Com· 
modity Treatment, Handling, and Distribution Research Unit, 
ARS, USDA, PO Box 4459, Hilo, Hawaii 96720, USA. 

Two new quarantine schedules for methyl-bromide fumi
gation of cucumbers grown in Hawaii and shipped to mainland 
USA are reported. The schedules, which comprised 32 gfm3 for 
4 h and 48 gfm3 for 2 hat I9°C or above and normal atmos
pheric pressure, were intended to replace the ethylene
dibromide quarantine fumigation schedule for Dacus 
cucurbitae and D. dorsalis because the registration of ethylene 
dibromide as a fumigant was cancelled by the Environmental 
Protection Agency on I September 1984. 

1639 CEPONIS, M. J.; CAPPElLINI, R. A.; LIGHTNER, G. W. 
Disorders in muskmelon shipments to the New York market, 
1972-1984. Plant Disease (I 986) 70 (6) 605·607 [En, 10 ref., 6 
tab.] USDA, New Brunswick, NJ 08903, USA. 

Data are presented on the diseases and disorders encoun
tered in muskmelon (mainly cantaloupe and honeydew) ship
ments to NY, mainly from Califorma, Texas, Arizona and 
Mexico. 

1640 SINGH, R. S.; CHOHAN, J. S. Some fruit rots of 
watermelon in North India. Indian Journal of Mycology and 
Plant Pathology (1984) 14 (3) 279·280 [En) Dep. Pl. Path., 
Punjab Agric. Univ., Ludhiana-141004, India. 

Previously unreported fruit rots of this crop observed in 
fields and markets included Aspergillus jiavus and A. nidulans, 
Curvularia ovoideae, Geotrichum candidum, Myrothecium 
roridum and Rhizopus oryzae. 

Tomato, etc. 

1641 GEESON, J. D.; BROWNE, K. M.; GUARAlDI, F. The 
effects of ethylene concentration in controlled atmosphere stor
age of tomatoes. Annals of Applied Biology (I 986) 108 (3) 
605-610 [En, 14 ref.] AFRC Food Research Institute, Norwich 
NR4 7UA, UK. 

Mature green fruits of cv. Sonatine were stored in a con
trolled atmosphere (12.5°C, 93 to 95% RH, 5% C02, 5% 0< and 
90% N 2) containing ethylene at various concentrations, tor 5 
weeks. Ethylene at < 0.1 1'1/litre resulted in poor and uneven 
ripening after storage, and increased fruit susceptibility to 
Botrylis cinerea and Penicillium infection. Fruits stored in 5 to 
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30 p.l/litre were significantly softer after ripening than those 
stored in lower concentrations. The best results, in terms of fruit 
quality (colour and firmness) and incidence of fungal infection, 
were achieved with I to 3 !il(litre ethylene. The practical 
problems of achieving and rnamtaining optimum conditions, 
mcluding the correct ethylene level, in controlled atmosphere 
tomato storage are discussed. 

1642 STACK, M. E.; MISUVEC, P. B.; ROACH, J. A. G.; POH· 
LAND, A. E. Liquid chromatographic determination of 
tenuazonic acid and alternariol methyl ether in tomatoes and 
tomato products. Journal of the Association of Official Analyt
ical Chemists (1985) 68 (4) 640-642 [En, 21 ref., 3 fig.] FDA, 
Div. Chern. Phys., Washington, DC 20204, USA. 

The limit of determination for tenuazonic acid (T A) and 
alternariol methyl ether (AME) using the method described 
was 25 and 3 ngjg, respectively, with av. recoveries from catsul 
of 83 and 68%, respectively. The method also detects altenario, 
but interfering peaks in some samples prevent accurate quanti
tation. Chemical ionization mass spectrometry is used to con
firm TA. Using the method, TAwas found in 73 of 142 samples 
of tomatoes collected from commercial processing lines at 0.4-
70 l'gfg. 

1643 RUSSEll, G. E. Ruggedness testing of the official 
method for rot fragments in comminuted tomato products. Jour
nal of the Association of Official Analytical Chemists ( 1985) 
68 (5) 896-898 [En, 6 ref., 5 tab.] FDA, Detroit, MI 48207, 
USA. 

The official AOAC method for rot fragments in commi
nuted tomato products (44. 244) bas been revised on the basis of 
Youden's ruggedness testing procedures to provide better con
trol over the sources of variability. 

1644 SHER SINGH; THAKUR, D. P.; SINGH, J. P. Post bar
vest decay of ripe tomato fruits caused by Cladosporium 
oxysporum. Indian Phytopathology (1983, reed. 1986) 36 (4) 
723-724 [En, 4 ref., I tab.] Haryana Agric. Univ., Hissar 125 
004, India. 

This fungus was observed for the first time causing storage 
rot of tomato; up to 10% of decayed fruits were affected by C. 
oxysporum alone. Disease intensity was low at 10-20°C but 
above 25° it progressed rapidly, with a max. at 30°. All fruits 
inoculated at 50-100% RH became infected, with the max. at 
95%. Pre-infection treatments with Miltox (zineb + copper) 
and Difolatan (captafol) gave the pest control, preventing 75% 
of fruits from rottmg. Post-infection treatment with Miltox was 
also effective, followed by captafol, captan, Benlate (benomyl) 
and Blitox-50 (copper oxychloride). 

Dried fruit 

See also absts. 1854, 1872, 1929 

1645 Al-HAKKAK, Z. S.; Au, S. R.; AHMED, M. S. H.; Al· 
MAUKY, S. K. Wholesomeness studies with a full diet of 
irradiated dates on the insect Ephestia cautel/a (Walker): lll. 
Effects of long term feeding. Date Palm Journal (1984, reed. 
1986) 3 (I) 337-347 [En, ar, 18 ref.] Nuclear Research Centre, 
Tuwaitha, Baghdad, Iraq. 

In further laboratory studies in Iraq on the effects of a diet 
of irradiated dried dates on the development of Ephestia 
cautel/a, the pyralid was reared fo 5 generations solely on dates 
irradiated at 100 or 200 krad. No statistically significant differ
ences between treated and untreated insects were observed in 
development period, female fecundity, mating frequency and 
egg hatch, which indicated that the irradiated diet had had no 
genetic effect. This confirmed the results of previous experi
ments with short-term feeding by E. cautel/a on dates irradiated 
either at comparatively low or at very high doses and also sug
gested that dates irradiated at doses high enough to kill most 
stored-products insects of economic importance would be safe 
for human consumption. 

1646 HUSSEIN, A. M.; SOMMER, N. F.; FORTlAGE, R. J. 
Suppression of Aspergillus flavus in raisins by solar heating 
during sun drying. Phytopathology ( 1986) 76 (3) 335-338 [En, 
13 ref., I fig., 4 tab.] Dep. Pomology, Univ. California, Davis, 
CA 95616, USA. 



Aflatoxin was readily produced in fresh grape berries nee
dle-inoculated with A.jiavus conidia reaching 2781 ~g/kg after 
6 d at 25°C. By contrast, aflatoxin reached only 147 ~gfkg 
during the saipe period when conidia were inoculated into a 
small lesion caused by Botrytis cinerea. Fresh berries inoculated 
with the same conidial concn of A.jlavus and equal numbers of 
conidia of B. cinerea and Cladosporium herbarum accumulated 
an intermediate concn of aflatoxin. During sun drying in the 
field on paper trays, failure of germinating conidia of A.ftavus 
to survive internal berry temp. of 45-50° or higher may explain 
the lack of aflatoxin in raisins and inability to reisolate A.jlavus 
from test berries. In vitro tests demonstrated that exposure of 
germinating conidia of A. jiavus for 30 min at 45 and 50° 
reduced survivors to 0.7 and 0.025%, respectively. Internal 
berry temp. during sun drying exceeded those temp. on days 
with afternoon temp. ~ 35°. 

Root vegetables 

See also abst. 1892 

1647 SAUPHANOR, B.; RATNADASS, A. (Entomological 
problems associated with storage of yams in the hory Coast.] 
ProblCmes entomologiques lies d Ia conservation de l'igname en 
Coted'Ivoire. Agronomie Tropicale (1985) 40 (3) 261-270 [Fr, 
en, es, 13 ref., 10 fig.] Institut des Savanes, BP 635, Bouake, 
Ivory Coast. 

In recent years in the Ivory Coast, insect attack on yams 
(Dioscorea spp.) stored fresh on the premises of the growers has 
increased considerably, sometimes leading to the destruction of 
half the crop after several months of storage. Notes are ~iycn on 
the biology and the type of damage caused by the 2 mam pests, 
the pyralid Euzopherodes vapidella (which was formerly 
known only in Nigeria) and a tineid belonging to an unidentified 
genus, which develops on drier foods than the first species, 
appears on D. a lata only after at least 3 months of storage and is 
the only one of the 2 species to attack D. cayenensis. Braconid 
and chalcidid parasites and hyperparasites of these moth pests 
are recorded. Comparatively small amounts of damage were 
caused on yams by Coccoidea (the diaspidid Aspidiel/a hartii 
and the pseudococcid Planococcus dioscoreae) and stored-prod
ucts beetles. Different protection methods are discussed; one of 
the most effective was to soak the tubers in solutions of pyreth
roids immediately after harvest, which considerably reduced 
both infestation and tuber losses due to insects. 

1648 RANDHAWA, K. S.; ARORA, S. K.; SINGH, M.; GUPTA, A. 
K. Effect of different chemicals on storage of onions under 
ordinary conditions. Journal of Research. Punjab Agricultural 
University (1985) 22 (2) 261-266 [En, 10 ref., 2 fi~ .• 2 tab.] 
Dep. Veg. Crops, Landscaping & Floriculture, Punjab Agric. 
Univ., Ludhiana, India. 

Postharvest sprays of various concn of maleic hydrazide 
(MH) and NAA were applied during June in 1980 and 1981. 
MH at 2000 p.p.m. was the most effective treatment for control
ling rotting, sprouting and total wt. loss in both red (Pb. Selec
tion) and white (Pb. 48) onions, whereas NAA at 2000 
p.p.m.checked total wt.loss in red onions. A combination of MH 
(2000 p.p.m.) + NAA (2000 p.p.m.) improved the storage life 
of both types of onion. 

1649 SAKAI, T.; NAKAGAWA, Y.; DATA, E. S.; URITANI, I. 
Secondary metabolites in physiologically and microbially dam
aged cassava roots. [Abstract]. In The role of biochemistry in 
food and energy production. Proceedings of the fourth FAOB 
symposium and IUB symposium no. I 35, Manila, Philippines, 
21-24 October 1984 [edited by Mendoza, E.M.T.; Reyes, 
M. V. T.; Cruz, L.J.j. Manila, Philippines; Philippine Biochemi
cal Society (1985) 239-240 ISBN 971-91-000-0-1 [En] 

1650 BRUNA V., A. [Identification of Penicillium 
corymbiferum Westling, causal agent of blue mould on garlic 
(Allium sativum L.).] Identificaci6n de Penicillium 
corymbiferum Westling causante del moho azul en ajo (Allium 
sativum L.). Agricultura Tecnica (1985) 45 (4) 353-356 [Es, 
en, 7 ref, I fig., I tab.] Exp. Sta. La Platina, Santiago, Chile. 

Brown lesions on the storage leaf, sometimes covered with a 
bluish green mass of spores, were found on c. 10% of the cloves 
in storehouses. In the field, infected plants were chlorotic, 
stunted and wilted. P. corymbiferum was identified as the agent 
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of the disease in Chile and its pathogenicity confirmed by 
inoculation. 

Potato 

1651 SHELKE, S. S.; JADHAV, L. D.; SALUNKHE, G. N. Ovi
positional and adult repellent action of some vegetable 
oils/extracts against potato tuber moth. Journal of Maharash
tra Africultural Universities (1985) 10 (3) 284-286 [En, 4 ref., 
I fig. Mahatma Phule Agric. Univ., Rahuri-413 722, India. 

Of 7 vegetable oils or extracts tested against adults of the 
gelechiid Phthorirnaea operculella on potato tubers in the labo
ratory, 0. 05 and 0.1% neem oil (Azadirachta indica) and 0.1% 
oils or extracts of mohwa (Bassia latifolia [Madhuca 
/atifolia]), karanj (Pongamia glabra (P. pinnata]), ratnajoti 
(Jatropha curcas) and dodi (Leptadenia reticu/ata) afforded 
91.96-100% oviposition deterrence. None of the substances 
acted as repellents. 

1652 RAJ, R. P. Cercospora so/anico/a as a cause of tuber 
rot of potato in storage. Indian Phytopathology (1983, reed. 
1986) 36 (2) 390-392 [En, 4 ref., 3 fig.] Div. Pl. Path., Cent. 
Potato Res. Inst., Simla 171 001, India. 

This fungus has not been previously reported from India 
and appears to be different from that occurring elsewhere as it is 
only pathogenic to stored tubers and not to leaves. 

1653 ROBERTS, D. P.; BERMAN, P. M.; ALLEN, C.; 
STROMBERG, V. K.; LACY, G. H.; MOUNT, M.S. Requirement 
for two or more Erwinia carotovora subsp. carotovora pectolytic 
gene products for maceration of potato tuber tissue by Escher
ichia coli. Journal of Bacteriology (1986) 167 (I) 279-284 [En, 
23 ref., 5 fig., 5 tab.) Dep. Pl. Path., Univ. Georgia, Athens, GA 
30602, USA. 

Several genes encoding enzymes capable of degrading 
plant cell wall components have been cloned from E. carotovora 
subsp. carotovora EC14. Plasmids containing clones EC14 
DNA mediate the production of cndo-pcctatc lyases, exo-pec
tate lyase, endo-polygalacturonase and cellulase(s). E. coli strs. 
containing 1 of these P.lasmids or combinations of 2 plasmids 
were tested for their ability to macerate potato tuber slices. Only 
1 E. coli str., containing 2 plasmids that encode endo-pectate 
lyases, exo-pectate lyase and endo-polygalacturonase, caused 
limited maceration. The pectolytic proteins associated with l of 
these plasmids, pORI, described previously, include 2 secreted 
endo-pectate lyases. The 2nd plasmid, pDR30, contains a 2.1 
kilobase EC14 DNA insert that mediates the production of an 
exopectate lyase and an cndo-~olygalacturonase. These 
enzymes are similar in physicochemical properties to those pro
duced by EC14. These results suggest that the concerted activi
ties of endo-pectate lyases with endo-polygalacturonase or exo
pectate lyase or both cause maceration. 

1654 HOSSAIN, M. M. A comparison of inducement meth
ods for determining potato cultivars reaction to soft rot. Ban
gladesh Journal of Plant Pathology (1985) 1 (I) 21-24 [En, 9 
ref., 2 tab.] Dep. Pl. Path., Bangladesh Agric. Univ., Mymen
singh, Bangladesh. 

A method in which naturally infected tubers were 
immersed in water proved superior to wrapping tubers in moist 
paper towels to induce soft rot (Erwinia carotovora subsp. 
atroseptica) and give reliable results in measuring cultivar reac
tions. The least amount of rot developed in Ulster Sceptre, 
followed by Home Guard, Maris Bard, Record and Desiree, and 
the most in Pentland cultivars. 

Green and salad vegetables 

1655 MIDON, H.; LAM, P. F. Prepackaging and cool storage 
of lowland lettuce- Malaysian Agricultural Journal (1982) 53 
(3) I 51-159 [En, 3 ref., 3 fig., 4 tab.] Food Techno!. Div., 
Malaysian Agric. Res. Development Inst., Serdang, Selangor, 
Malaysia. 

Lettuce was stored in sealed polyethylene bags for more 
than 21 days at 5°C,for 14daysat 10°Cand for7 days at I5°C 
and 70% freshweight was still usable. Polyethylene films of 0.06 
mm thickness were used. Packaging lettuce in scaled and perfo
rated bags helped to reduce physiological weight loss and also 
prolonged the storage life at low temperature. 



338 

1656 CONNER, D. E.; BRACKETT, R. E.; BEUCHAT, L. R. 
Effect of temperature, sodium chloride, and pH on growth of 
Listeria monocytogenes in cabbage juice. Applied and Environ
mental Microbiology (1986) 52 (I) S9·63 [En, 12 ref., 4 fig.] 
Dep. Food Sci., Univ. Georgia, Agric. Exp. Sta., Experiment, 
GA 30212·S099, USA. 

A series of experiments was designed to investigate the 
effects of temperature, NaCI, and pH on the growth of the 
organism in cabbage. Two strs. (LCDC 81-861 and Scott A, 
both serotype 4b) were examined. At 30°C, the viable popula
tion of the LCDC 81-861 str. increased in sterile unclarified 
cabbage juice (CJ) containing 0-I.S% NaCI; a decrease in the 
population of both strs. occurred in juice containing ;;e 2% 
NaCI. At soc, the population of the Scott A str. in CJ contain
ing up to S% NaCI was reduced by about 90% over a 70-day 
period; the LCDC 81-861 str. was more sensitive to refrigera
tion but remained viable in CJ containing ~ 3.5% NaCI for 70 
days. Growth in CJ at 30°C resulted in a decrease in pH from 
5.6 to 4.1 within 8 days. Death of L. monocytogenes occurred at 
30°C when the organism was inoculated into sterile CJ adjusted 
to pH =s;;; 4.6 with lactic acid. No viable cells were detected after 
3 days at pH..; 4.2. At soc, the rate of death at pH ..; 4.8 was 
slower than at 30°C. Growth of L. monocytogenes LCDC 81-
861 at 30°C in CJ containing no added NaCI resulted in a 
titratable acidity (expressed as percent lactic acid) of 0.66%. 
Results indicate that str. LCDC 81-861 (a fathogenic str. iso
lated from cole slaw) is less sensitive to NaC but more sensitive 
to refrigeration (S 0 C) than the Scott A str. (a human isolate). 
Both strs. grew well at pH values that were lower than the 
minimum previously reported (pH S.6). 

Legumes 

1657 SAXENA, A.; JOSHI,[. J.; SAKSENA, S. B. A new rot of 
bean caused by Geotrichum candidum. Indian Phytopathology 
(1983, reed. 1986) 36 (3) S81-S82 [En, 2 ref., I fig.] Sch. 
Studies Bot., Jiwaji Univ., Gwalior 474 011, India. 

The fungus occurred on pods of Dolichos /ab/ab (Lab/ab 
purpureus] in the market at Gwalior. 

FISH AND SEAFOOD 

1658 SCHCLZE, K. [Shellfish poisoning caused by algal tox
ins.] Muschelvergiftungen durch Algentoxine. Berliner und 
Miinchener Tieriirztliche Wochenschrift (198S) 98 (II) 383-
387 [De, en, 38 ref.] Veteriniiruntersuchungsamt des Landes 
Schleswig-Holstein, Max-Eyth-Str.S, Postfach 27 43, D-23SO 
Neumilnster, German Federal Republic. 

Two kinds of food poisoning are distinguished: PSP (para
lytic shellfish poisoning) and DSP (diarrhetic shellfish poison
ing). The PSP produces paralytic-neurolytic symptoms which 
can cause death. Several toxins have been isolated and identi
fied. The best known is saxitoxin whose chemical structure con
sists of one perhydrpurine heterocycle with two groups of 
guanidine. PSP-toxins penetrate through toxic dinoflagellates 
especially of the genus Gonyaulax into the shellfish. Diagnosis is 
mainly carried out using mouse bioassay. DSP-intoxication pro
duces gastrointestinal discomfort without exceptional complica
tions. The DSP-toxins originate from dinoflagellates of the 
species Dinophysis. 

1659 SPREEKENS, K. J. A. VAN Determination of Shigella 
jlexneri in Asian shrimp. [Abstract]. Antonie van 
Leeuwenhoek (198S) 51 (5/6) S29 [En, 3 ref.] Ins!. Fish. Prod
ucts TNO, IJmuiden, Netherlands. 

Using the enrichment technique described, S.fiexneri type 
2 could be recovered at a contamination level of ap;lrox. 5 
bacteriaf2Sg frozen shrimp. 

1660 KARUNASAGAR, 1.; VENUGOPAL, M. N.; SEGAR, K.; 
KARliNASAGAR, I. Survival of Jlibrio parahaemolyticus in cold 
smoked fish. Antonie van Leeuwenhoek (1986) 52 (2) 14S-IS2 
[En, IS ref., I fig., 4 tab.] Dep. Fishery Microbial., Coli. Fisher
ies, Univ. Agric. Sci., Mangalore-S75002, India. 

Some samples of brined and unbrined fresh mullet (Mugil 
cephalus) and brined oil sardines (Sardinella /ongiceps) from a 
fish market in Mangalore, India, harboured low levels of V. 
parahaemolyticus. After cold smoking and subsequent storage 
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at room temp., however, many samples of both brined and 
unbrined fish showed higher levels, suggesting that undetectable 
populations of naturally occurring organisms are able to multi
ply during processing or storage. Nevertheless, smoke compo
nents were found to exert an inhibitory effect on multiplicatiOn 
of the organism in broth and addition of 1% or more NaCI to the 
broth increased this inhibitory effect. Results show that cold 
smoked fish should be considered a potential health hazard with 
respect to this organism. 

1661 HEWITT, J. H.; BEGG, N.; HEWISII, J.; RAWAF, S.; 
STRINGER, M.; THEODORE-GANDI, B. Large outbreaks of 
Clostridium perfringens food poisoning associated with the con~ 
sumption of boiled salmon. Journal of Hygiene (1986) 97 (I) 
71-80 [En, S ref., Stab.] Public Health Lab., Dulwich Hosp., 
London SE22 8QF, UK. 

Five large outbreaks of food poisoning are described in 
which clinical, epidemiological or laboratory data indicated C. 
perfringens as the causative organism. The foodstuff common to 
all incidents was boiled salmon served cold. It is thought that 
multiplication of the organism occurred during the long period 
of cooling or storage between boiling and consumption. 

1662 STERSKY, A. K.; SZABO, R.; TODD, E. C. D.; THACKER, 
C.; DICKIE, N.; AKHTAR, M. Staphylococcus aureus growth 
and thermostable nuclease and enterotoxin production in canned 
salmon and sardines. Journal of Food Protection (1986) 49 (6) 
428-43S [En, 33 ref., 4 fig., 3 tab.] Microbial. Res. Div., Food 
Directorate, Health Prot. Branch, Health and Welfare Canada, 
Ottawa, Ont. KIA OL2, Canada. 

S. aureus growth, thermostable nuclease (TNase) and 
enterotoxin production in inoculated canned salmon incubated 
at 22 ± 1 oc for 4 d were dependent on the size of inoculum, and 
on the amount of oxygen present in the heads pace; under nitro
gen with an inoculum of 7 cfujcan, 102-103 cfujg, no TNase 
and traces of enterotoxins (A, B, C2~ were observed; under 
oxygen with the same inoculum ;;. 10 cfujg, ;;. 6 ,g TNase 
and up to S.2 !'g total enterotoxins (A, B and C2)/IOO g of 
salmon were observed. Values were intermediate under atmos
pheric air. After I week, 2 months and 4-24 months of incuba
tion of salmon under nitrogen, S. au reus cfus were 108

, 106 and 
104-105 per g; TNase ranged from trace amounts to 20 !'g/100 g 
and total enterotoxins from< l!'g to 6.2,g/IOO g. In canned 
sardines stored from 1 d to 12 months at 22 ± 1 °C,Ievels were 
109 cfujg and 3.7-3.91!g total enterotoxinsf 100 g; after I week, 
counts declined to 105 cfujg but total enterotoxins remained 
relatively stable in some cans with up to 6.2,gf 100 g of sardines 
after 12 months. TNase varied from < I,g to 20 !'g/100 g of 
salmon with 109 and 105 cfujg, respectively. In sardines, similar 
variation in TNase was observed and there was no correlation 
between TNase, enterotoxins and cfujg. After 2 d to 24 months, 
carbon dioxide, and acidic smell and unacceptable odours were 
detectable over the headspace of S. aureus contaminated 
salmon and sardines, but not all persons who sniffed the contam
inated products could recognize off-odours that would warn 
them against consuming the food. It is suggested that to prevent 
canned foods from causing staphylococcal illness, the conditions 
allowing post-process contamination should be eliminated by 
the producer and distributor of the products. 

1663 BOUTIN, B. K.; SPAULDING, P. L.; TWEDT, R. M. E•al
uation of the enteropathogenicity of Klebsiella pneumoniae iso
lates from summer-harvested Louisiana oysters. Journal of 
Food Protection (1986) 49 (6) 442-444 [En, 17 ref.] Div. 
Microbial., FDA, Cincinnati, OH 4S226, USA. 

K. pneumoniae isolates were recovered in increased num
bers from oysters harvested during the warm months of the year 
from approved and classified waters. A total of 76 oyster isolates 
was examined using in vivo and in vitro assays. The 
nonpathogenic responses of the strs. studied suggest that envi
ronmental strs. are not a public health risk. 

MEAT 

See also absts. 1446, 1463 



1664 BECKERS, H. J.; TIPS, P. D.; DELFGOU-VAN ASCH, E.; 
PETERS, R. El·aluation of an enzyme immunoassay technique 
for the detection of salmonellas in minced meat. Letters in 
Applied Microbiology ( 1986) 2 (3) 53-56 [En, 7 ref., I fig., I 
tab.] Lab. Water Food Microbial., Natn. Inst. Public Health 
Environ. Hyg., P.O.Box I, 3720 BA Bilthoven, Netherlands. 

A comparison was made between a commercially available 
enzyme immunoassay (ELISA) and various cultural procedures 
for detecting salmonellas in minced meat contaminated with a 
standard inoculum. To detect salmonellas by the ELISA tech
nique, it was necessary to modify the recommended baseline for 
spectrophotometric measurements to avoid false-positive 
results. The incidence of false-negatives was no greater than 
that obtained with a standard isolation procedure. BOth meth
ods were affected by the competing microftora. 

1665 VISSER, I. J. R.; BUKER, P. G. H. The microbial flora 
of variety meats, vacuum-packaged immediately after slaughter. 
[Abstract]. Antonie van Leeuwenhoek (1985) 51 (5/6) 605-
606 [En] Dep. Sci. Food Anim. Origin, State Univ. Utrecht, 
P.O. Box 80 175,3508 TD Utrecht, Netherlands. 

1666 LABOTS, H.; STEKELENBt;RG, F. K. ATP-biolumines
cence: a rapid method for the estimation of the microbial con
tamination of meat and meat products. [Abstract]. Antonie van 
Leeuwenhoek (1985) 51 (5/6) 606 [En] TNO Netherlands 
Cent. Meat Techno!., Zeist, Netherlands. 

1667 TODD, E. C. D.; SZABO, R.; SPIRING, F. Donairs 
(gyros) - potential hazards and control. Journal of Food Pro
tection (1986) 49 (5) 369-377 [En, II ref., 4 fig., 3 tab.] Food 
Directorate, Health Protection Branch, Sir Frederick G. Ban
ting Res. Cent., Tunney's Pasture, Ottawa, Ont. KIA OL2, 
Canada. 

Because of concerns that meat in donairs could allow 
growth of pathogens during cooking and overnight cooling of 
leftovers, 34 donairs from 11 establishments had temperatures 
taken and were examined microbiologically. Temperatures 
varied depending on depth of measurement and stage from the 
raw product to reheated leftovers. These were frequently> 4 or 
< 60°C and could be considered at temperatures favourable for 
growth of pathogens. Although aerobic colony counts were high 
(mean of !05 to 107 CFUfg), counts tended to decrease the 
longer the denair remained cooking on the spit. Staphylococcus 
aureus, Bacillus cereus, Clostridium perfringens and Escher
ichia coli were never more than 1ff fg despite some abusive 
practices, such as leaving donairs on the spit with the heat 
source turned off because the demand was low. Salmonella was 
found only in raw chicken slices to be used in donairs. It is 
recommended that good hygienic practices be encouraged at 
denair establishments and temperature measurements of 
donairs taken to verify these. Only if meat is < 50"C at I em 
below the surface during cooking or> soc for the raw product 
or cooled leftovers, should samples be considered for microbio
logical analysis unless abusive practices have been observed. 
Because temperatures may vary over a short period of time 
during cooking, at least 5 measurements are recommended for 
each stage of the denair life (raw product, cooking denair, 
cooled leftovers and reheating donairs). 

1668 WAGNER, M. K. Phosphates as antibotulinalagents in 
cured meats: a review. Journal of Food Protection (1986) 49 (6) 
482-487 [En, 67 ref.] Dep. Food Sci., Univ. Wisconsin, 
Madison, WI 53706, USA. 

This review concerns the definition of phosphates and the 
description of the potential role of phosphate and phosphate 
compounds, especially pyrophosphates, as suitable alternatives 
to mtrite in the control of growth and toxin production by 
Clostridium botulinum in cured meat products. 

1669 FcKUSHIMA, H.; GOMYODA, M. Inhibition of Yersinia 
enterocolitica serotype 03 by natural microftora of ('Ork. 
Applied and Environmental Microbiology (1986) 51 (5) 990· 
994 [En, II ref.] Pub!. Hlth Inst., Nishi·Hamasada, Matsue, 
Shimanc 690-01, Japan. 

Y. enteroco/itica serotype 03 did not grow in inoculated 
raw ground pork kept at 6 and 25"C. The antagonistic effect of 
microbial flora, especially Hafnia alvei and environmental Yer
sinia organisms, on growth was evident. The results were sup
ported in vitro in mixed cultures at 6 and 25°C. Contaminated 
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pork is a probable source of human infection, since Y. enter
oco/itica serotype 03 was capable of surviving in raw pork for a 
long time. 

POULTRY AND EGGS 

1670 LILLARD, H. S. Distribution of "attached'' Salmo
nella typhimurium cells between poultry skin and a surface film 
following water immersion. Journal of Food Protection ( 1986) 
49 (6) 449-454 [En, 8 ref., 2 fig., 4tab.] USDA, ARS, Richard 
B. Russell Agric. Res. Cent., P.O. Box 5677, Athens, GA 
30613, USA. 

Poultry skin was immersed in a saline solution (0.85%) 
containing 108 S. typhimuriumfml. After 0.25 min, 95% of the 
water uptake was in a surface film and 5% in the skin. After 
immersion for 30 and 60 min, a significant increase in total 
water uptake occurred at each immersion time. A significant 
increase in the surface film occurred after 30 min of immersion, 
but not from 30 to 60 min. After 0.25 min of immersion, 94% of 
bacterial cells was entrapped in the water film and 6% was on 
the skin. As immersion time increased, the percentage of bacte
ria in the surface film decreased, whereas the percentage on the 
skin increased. After 60 min of immersion, about 39% of bacte
rial cells was in the surface film and 61% was on the skin. These 
data indicate a possible transfer of water and bacteria from 
surface film to sktn during prolonged water immersion. Prevent
ing the formation of the surface film by altering suface tension 
may reduce carcass contamination during immersion processes. 

DAIRY PRODUCTS 

See also abst. 1425 

1671 COOKE, B. C.; JORGENSEN, M.A.; MACDONALD, A. B. 
Effect of four presumptive coliform test media, incubation time 
and product inoculum size on recovery of coliforms from dairy 
products. Journal of Faod Protection (1985) 48 (5) 388-392 
[En, 7 ref.] Dairy Div., Ministry of Agric. & Fisheries, Wal
laceville, New Zealand. 

1192 samples (684 of dried skim milk, 407 of casein, 83 of 
butter and 18 of cheese) were reconstituted or suspended in the 
appropriate buffer solution to give 10 gf100 ml, and 50-ml (5 g) 
and 1-ml (0.1 g) aliquots were incubated, resp., at 30"C for 24 h 
in 50 ml double-strength lactose broth and for 48 h in I 0 ml 
single-strength lactose broth. 153 samples that were positive for 
gas production at 50-ml but not at 1-ml inoculum were further 
tested by inoculating 5, 2.5, I, 0.1 and O.oJ g aliquots, resp., into 
50, 25 and 10 ml of double-strength and 10 and I 0 ml of single
strength brilliant green bile broth (BGBB), Iaury! sulphate tryp
tose broth (LSB), McConkey broth (MB) and modified miner
als glutamate medium (MMG M). Both inoculum size and 
incubation time had a greater influence upon coliform recovery 
than did medium type, recovery being greatest with 5 g sample 
and 48 h incubation. Better recoveries (P < 0.05) were obtained 
with bile salt media (MB and BGBB) than with the 2 chemi
cally-defined media (LSB and MMGM) at both incubation 
times; there was no evidence that this media effect was depen
dent upon type of milk product examined. 

1672 KHALAF, S. H.; SHAREEF, A. Y. The bacteriological 
quality of kishfa and yoghurt in Mosul City, Iraq. Food 
Microbiology (1985) 2 (4) 241·242 [En, 10 ref.] Dep. of Bioi., 
Coli. of Sci., Univ. of Mosul, Mosul, Iraq. 

Bacteriological quality of 100 samples of yoghurt and 50 
samples of kishfa (both made mainly from ewes' milk and 
obtained from local Mosul markets) was investigated. Mean 
total aerobic plate count of yoghurt was 9500/g and in kishfa it 
was I 0 1 00/g. Mean counts of Escherichia coli, Staphylococcus 
aureus and faecal streptococci were of the order of 1000/g in 
both products. E. coli was found in 6% of yoghurt samples and 
in 16% of kishfa samples. S. aureus was detected in 26 and 16% 
of samples, resp. Contamination with faecal streptococci and 
Pseudomonas aeruginosa was detected in 6 and 12% of yoghurt 
samples and in 14 and 10% of kishfa samples, resp. Results 
indicate that contamination of these cultured milk products 
occurs during handling after manufacture. 
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1673 UMOH, V. J.; OsAWEDE, K. S.; UMOH, J. U. Contami
nation of infant powdered milk in use with enterotoxigenic 
Staphylococcus aureus. Food Microbiology (1985) 2 (4) 255-
261 [En, 17 ref.] Dep. of Microbial., Ahmadu Bello Univ., 
Zaria, Nigeria. 

Samples of dried milk formulas used for infant feeding 
were collected from 114 homes in Nigeria. About 97% of sam
ples contained viable staphylococci, with highest counts of 100 
c.f.u./g being obtained on the day when the tin of infant formula 
was first opened. Total aerobic counts ranged from 100 to 6000 
c.f.u.fg. Of the 123 staphylococcal strains isolated from the 
formulas, 45% were coagulase-positive, 47% were therrnonucle
ase-positive and 52% were identified as Staphylococcus aureus. 
Enterotoxin production was demonstrated m several of the iso
lates. It is concluded that contamination of the infant formulas 
probably occurs when the tin was opened. 

1674 AMAROWICZ, R.; SMOCZYNSKI, S. [Effect of techno
logical processes on aftatoxins in milk.} Wpl'yw proces6w 
technologicznych na aflatoksyn~ mlekow~. Przeg/qd M/eczar
ski (1984) 33 (3) 15-16 [PI, 10 ref.] Katedra Zywienia 
Czlowieka, Zaklad Higieny Zywnosci i Zywienia, ART 
Olsztyn, Poland. 

Changes in the aflatoxin content of milk during cheesemak
ing, buttermaking, evaporation and roller-drying are briefly dis
cussed with reference to published work in English and German. 

1675 HERRERA ALBERU, M. E. [Determination of Brucella 
in milk, cream and fresh cheese sold in Guanajuato, Gto.] 
[Abstract]. Determinaci6n de Brucella en leche, crema y queso 
fresco, expendidos en Ia ciudad de Guanajuato, Gto. Veter
inaria, Mexico (1984) 15 (4) 304 [Es, Thesis, Universidad 
Aut6noma de Mexico, Mexico] 

Of 67 milk, 23 cream and 40 fresh cheese samples (unpas
teurized) collected in Guanajuato, Gto, 13.6, 8.7 and I 0% resp. 
were found to contain Brucella s~p. Results confirm the serious 
problem of Brucella contaminatiOn in this area. 

1676 ABO-ELNAGA, I. G.; HESSAIN, A.; SARIIAN, H. R. 
Bacteria and food poisoning organisms in Iraqi market scalded 
cream (gamer) and salted and unsalted soft cheese. Iraqi Journal 
of Agricultural Sciences "Zanco" (1985) 3 (2) 69·76 [En, ar, 13 
ref.] Dairy Dep., Univ. of Assiut, Assiut, Egypt. 

Milk produced in northern Iraq is mostly from goats and 
ewes, and is largely converted into I eben, gamer (scalded cream) 
and soft cheese. 30 samples of gamer, 26 of salted and 37 of 
unsalted fresh soft cheese were examined for total viable count, 
coli forms, staphylococci and salmonellae. Mean total counts (as 
109 jg) were 1.6, 1.5 and 8.6 in gamer, salted and unsalted soft 
cheese, resp. Samples were mostly of inferior quality; unsalted 
soft cheese was the worst, containint\ the highest numbers of 
coliforms and staphylococci (9.4 X 10 and 7.1 X 106/g. resp.). 
Streptococci predominated in gamer and unsalted soft cheese, 
and sporeformers in salted soft cheese. Staphylococci could be 
detected in 21.6% of unsalted soft cheese and in 20% of gamer 
samples. The absence of staphylococci does not, however, indi
cate the safety of the product. Strains of staphylococci isolated 
from soft cheese were physiologically more active than those 
isolated from gamer. Salmonellae could not be detected in any 
samples. 

1677 BOISEN, F.; CHRISTOFFERSEN, A. B. [Psychrotrophic 
bacteria in milk.] Psykrotrofe kim i maelk. Dansk Veterinaer
tidsskrift (1984) 67 (6) 224-231 [Da, 9 ref.] Mikrobiol. Lab., 
Miljo- og Levnedsmiddelkontrolenheden, Lille Tornbjerg Vej 
24, 5220 Odense S0, Denmark. 

12 samples of whole milk, 12 of low-fat milk, 12 of skim 
milk, 4 of 18%-fat cream and 12 of whipping cream from 2 
Danish dairies were held for 24 hat 17'C and then tested for 
psychrotrophs by incubation in plate count agar as follows: (i) 
17 h at 17'C + 72 hat 7'C, in accordance with the standard 
method prescribed by the Danish Veterinary Directorate; (ii) 25 
h at 21 'C; or (iii) 24 h at 25'C. Parallel samples were held 
unopened at 5'C until the end of their declared shelf-life and 
then tested by the same 3 methods. Colonies were also taken at 
random for species identification. and all strains isolated were 
tested for their ability to grow within 10 days at 7°C, in accor
dance with the IDF definition of psychrotrophs. Psychrotroph 
counts determined by all3 methods were in close agreement, but 
9% of the strains isolated by method (iii) (as against 3% in 
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method (ii)) did not correspond to the definition of psychro
trophs. Method (ii) is therefore considered a better substitute 
for the laborious standard method (i). Samples which showed 
organoleptic defects at the end of their declared shelf-life tended 
to contain Gram-negative psychrotrophs of the genera 
Pseudomonas and Acinetobacter (characteristic of post-pas
teurization contamination), but organoleptic quality was not 
always clearly related to psychrotroph count and microflora, 
and defects sometimes developed in samples with quite low 
psychrotroph counts. It is therefore recommended that routine 
tests on liquid milk products in Denmark should include organo
leptic as well as microbiological tests. 

1678 KORSIIOLM, E.; PEDERSEN, P.; S0GAARD, H. [Deter
mination of endotoxin in UHf-treated liquid milk products.] 
Bestemmelse af endotoksin i UHT-behandlede konsummaelk
produkter. Dansk Veterinaertidsskrift (1985) 68 (20) 1058-
1064 [Da, 9 ref.] lost. for Vet. Mikrobiol. og Hygiejne, Den 
Kgl. Veterinaer- og Landboh~jskole, Copenhagen, Denmark. 

3 samples of UHT milk products (liquid milk, whipping 
cream and drinking yoghurt) were tested for bacterial endotox
ins by 2 semi-quantitative methods involving use of the Limulus 
test: the clot method, with pre-treatment of samples by addition 
of lactic acid and centrifugation at l5°C to precipitate milk 
proteins, then incubation of decimal dilutions (mixed 1: I with 
the Limulus amoebocyte lysate) for 1.5 hat 37'C; and a method 
using microtitre plates with freeze-dried lysate. There were no 
significant differences in results between the 2 methodsr but the 
microtitre method was both cheaper and faster, because it did 
not have a pre-treatment stage. The need for pre-treatment in 
the clot method is questioned. 

1679 RIVAS, M.; CORDAL DE BOBBI, M. E.; PALMA, M.S. R.; 
MORO, A. A. [Ice creams from small-scale and semi-industrial 
producers. Incidence of Staphylococcus aureus and its enter
otoxigenicity.] Helados de elaboraci6n artesanal y semiindus
trial. Incidencia de Staphylococcus aureus y 
enterotoxigcnicidad. Revista Argentina de Microbiologia 
(1983) 15 (3) 147-155 [Es, en, 32 ref.] lnst. Nacional de 
Farmacologia y Bromatologia. 1264 Buenos Aires, Argentina. 

67 samples of ice cream were collected from 7 different 
small-scale or semi-industrial manufacturers; 10 g of each sam
ple were homogenized in 90 ml ofO.I% peptone water. Presence 
of Staphylococcus aureus was determined by selective culture 
on Baird-Parker agar and soya peptone/casein peptone agar. S. 
aureus was detected in 43.3% of samples, numbers found being 
<10/g in 88%, 10-100/g in 10.5% and 101-1000/g in 1.5%. Of 
29 isolates tested, 21% were toxigenic ( 4 produced enterotoxin 
A, 1 produced enterotoxin B, and I produced both enterotoxins 
A and D). Toxigenic and non-toxigenic strains gave similar 
results in biochemical tests.All strains were susceptible to the 10 
different antibiotics tested. Incorporation of the limit of 100 S. 
aureusfg ice cream in article 1075 of the Argentine Food Code 
is proposed. 

1680 RIVAS, M.; CORDAL DE BOBBI, M. E.; PALMA, M. R.; 
MORO, A. A. [Ice creams from industrial sources. Incidence of 
Staphylococcus aureus and its enterotoxicity.] Helados de 
elaboraci6n industrial. lncidencia de Staphylococcus aureus y 
entcrotoxigenicidad. Revista Argentina de Microbiologia 
(1984) 16 (4) 225-228 [Es, en, 4 ref.] lost. Nacional de 
Farmacologia y Bromatologia, Buenos Aires, Argentina. 

Samples of icc cream were obtained from 7 manufacturers 
and examined for Staphylococcus aureus as described in 
Revista Argentina de Microbio/ogia (1983) 15, 147, M. Rivas 
el a/. Of the 70 samples tested, 14.3% contained S. aureus, 
numbers found being <10/g in 97.2%, 101-1000/g in I. 4% and 
1001-10 000/g in 1.4%. Examination of 21 S. aureus strains 
showed that only 2 strains were toxigenic; 1 strain produced 
enterotoxin A and the other one enterotoxin B. No differences in 
biochemical characteristics could be found between toxigenic 
and non-toxigenic strains. All strains were susce_Ptible to 10 
antibiotics. These results confirm the limit of IOOfg for counts 
of S. aureus in ice cream specified in article I 078 of the Argen
tine Food Code. 



1681 MARIN, V.; ZITELLI, A.; COMPARE, G. DAL [Hygienic 
and microbiological indices of ice cream from small~scale pro
ducers in the Venice Prol'ince.] Indici igienico-microbiologici in 
gelati artigianali della provincia di Venezia. lndustrie Ali
mentari (1985) 24 (225) 270-274 [It, en, 14 ref.] Fac. Med. & 
Chirurgia, Univ., Via Loredan 18, 35131 Padova, Italy. 

Ice cream of various flavours collected during the summer
autumn of 1982/83 was analysed. Microbial countfg at 37°C 
was <10' in 83% of the 425 samples examined; only 1% had a 
count of >106.Total coliform count (MPN/g) was <120 in 
36% of samples; 13% had a coliform count o( >II 00. Presence 
of faecal calif arms in 0.1 g was positive in 17%. Presence of> 12 
Staphylococcus aureusfg was confirmed in 5.4%. No Salmo
nella were detected in any samples. Significant, positive, linear 
correlations were found between total microbial count and total 
coliform count in 5 flavours of ice cream representing 158 of the 
samples. It is concluded that total coliform count is an effective 
index of the hygienic quality of ice cream. 

1682 WAGNER, A.; FEJ~R-BALOGH, E.; BERNATH, I.; SZAB6, 
B. [Microbiological grading of UHT coffee cream by a semi
micro method.) A tartOs kavetejszin mikrobiol6giai minOsitese 
felmikro-eljarassal. Tejipar (1984) 33 (3) 59-60 [Hu, en, ru, 7 
ref.] Tejipari Vallalatok Ttosztje Miniiscgilgyi Foosztaty, 
Budapest, Hungary. '-~ 

UHT cream samples from a Budapest dairy were tested for 
total bacterial count (MPN) b>' a semi-micro method and by the 
macro method prescribed m Hungarian Standard MSZ 
3743/2-82. Analysis of variance showed that the 2 methods 
were interchangeable, with no significant difference in results. 

1683 AL·SAWAF, S. D.; BADAWY, A. S.; SALEEM, R. M. 
Microbiological and chemical composition of thick cream 
(Gaymar) in Mosul markets. Iraqi Journal of Agricultural 
Sciences "Zanca" (1986) 4 (I) 27-31 [En, ar, 7 ref.] Food Tech. 
Dep., Mosul Univ., Iraq. 

25 samples of Gaymar (a buffalo milk fat product), ran
domly collected from different suppliers, were analysed chemi
cally and microbiologically. Samples had a mean TS content of 
65.5%, fat 60.50%, total proteins 4.4% (i.e. 8% of TS), and 
soluble proteins 0.25%; mean titratable acidity and pH were 
0.19% and 6.02, resp. Total bacterial counts ranged from 90 to 
2.2 millionfml (mean 4.8 X 105 /ml), spore-forming microorga
nisms (present in 90% of samples) ranged from 7 to 900/ml, 
staphylococci from 70 to 500 000/ml and coliforms (present in 
66% of samples) from 120 to 16 000/ml. No Salmonella or 
Shigella spp. were detected. 

1684 BECKER, H.; TERPLAN, G. [Salmonella in milk and 
milk products.] Salmonellen in Milch und Milchprodukten. 
Journal of Veterinary Medicine, B (1986) 33 (I) 1-25 [De, en, 
176 ref.] lnst. filr Hygiene & Tech. Lebensmittel tierischen 
Ursprungs, L~dwig-Maximilians-Univ., Schellingstrasse 
10/III. 8000 Munich 40, German Federal Republic. 

This review is concerned with the occurrence of salmonella 
in milk and milk products, particularly in the German Federal 
Republic. It discusses heat treatment of milk and sources of 
recontamination of pasteurized milk with salmonella. The 
occurrence of salmonella in cheese, cultured milk products, 
cream and dried milk is also discussed in detail. 

1685 PATEL, G. S. Bacteriological quality of pedha and 
burfi. with special reference to certain bacteria of public health 
signi6cance. Journal of Food Science and Technology. India 
(1985) 22 (2) 133-136 [En, II ref.] Dep. Microbial., Ahmedna
gar College, Ahmednagar 414 00 I, India. 

92 samples of pedha and 84 samples of burfi (milk based 
sweets) collected from Ahmednagar (Maharashtra, India) mar
ket were examined for coliform and food poisoning bacteria. Of 
48 samples of pedha displayed in glass cases, 25% contained 
coliforms and 14.6% contained food poisoning bacteria such as 
Staphylococcus aureus, Proteus vulgaris and Pr. rettgeri. In 44 
samples kept in the open, food poisoning bacteria 
(Pseudomonas aeruginosa, Bacillus cereus, Salmonella 
schottmuel/eri, Shigella fiexneri, Pr. vulgaris and haemolytic 
streptococci) were pres~nt in 36<J?. In 44 burfi samples kept in 
glass cases, food po1somng bacter1a (S. aureus, Pr. rettgefl and 
B. cereus) were present in 20% whereas 35% of 40 burfi samples 
kept in the open contained food poisoning bacteria (Staph. 
aureus, B. cereus, Pr. vulgaris, Ps. aeruginosa, Sal. schottmuel
leri and haemolytic streptococci). Numbers of pedha and burfi 
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samples contaminated with coliforms were about double in sam
ples stored in the open vs. those stored in glass cases. It is 
concluded that about 45-50% of food poisoning cases could be 
prevented if sweetmeats were protected from contamination by 
storage under glass. 

1686 EGMOND, H. P. VAN; PAULSCH, W. E. Mycotoxins in 
milk and milk products. Netherlands Milk and Dairy Journal 
(1986)40 (2/3) 175-188 [En, nl, 32 ref.] Lab. Residue Analy
sis, Nationallnst. Public Health & Environmental Hygiene, PO 
Box I, 3720 BA Bilthoven, Netherlands. 

The mycotoxins aflatoxin M I and sterigmatocystin may 
occur in milk and milk products and both mycotoxins are sus
pected of being carcinogenic. Aflatxoin Ml, a metabolite of 
aflatoxin 81, appears in milk when feeds, containing aflatoxin 
Bl, are ingested by dairy cattle. Processing of milk and milk 
products does not reduce the aflatoxin Ml content. Analytical 
methods for the determination of aflatoxin, mainly by TLC or 
HPLC separation, are reviewed and possible methods of elimi~ 
nation or inactivation of the mycotoxin are discussed. Ster
igmatocystin may be formed on hard cheeses infected with 
Aspergillus versicolor during ripening; it is usually determined 
by TLC. It is concluded that fungal growth on milk and milk 
products must be prevented. 

Milk 

See also abst. 2074 

1687 JtM~NEZ P~REZ, S.; GOICOECHEA MAYO, A. [Microbi
ological study of milk.] Estudio microbiol6gico de Ia leche. 
Hygia Pecoris (1983) 5 (7) 49-76 [Es, en, fr, de, 24 ref.]Inst. 
del Frio, CSIC, Madrid, Spain. 

This review discusses the following aspects: sources of bac
terial contamination, i.e. mammary gland or ambient environ
ment; effect of temp. on bactenal growth; bacteriological 
aspects of milk production, milk collection and transportation, 
and milk processing; main groups of microorganims used in the 
manufacture of milk products and those responsible for spoilage 
of milk products. 8 tables and 3 figures supplement the text. 

1688 RODRIGUES, U. M.; KROLL, R. G. The direct 
epiHuorescent filter technique (DEFf): increased selectivity, sen
sitivity and rapidity. Journal of Applied Bacteriolo!fY ( 1985) 59 
(6) 493-499 [En, 20 ref.] National Ins!. for Res. m Dairying, 
Shin6eld, Reading RG2 9AT, UK. 

With the direct epifluorescent filter technique (DEFT), 
differentiation of bacteria was achieved by a modified Gram· 
staining procedure using acridine orange as the counterstain. 
The method enumerated viable Gram·negative and all Gram
positive bacteria. Counts of clumps of orange fluorescent cells 
(Gram-negative DEFT count) correlated well with colony 
counts of Gram-negative bacteria in samples of raw milk (r = 
0.94). The use of stainless steel membrane filter supports and 
the addition of citrate-NaOH buffer (0.1 M, pH 3.0) during 
filtration enabled I 0 ml samples of milk to be filtered, thereby 
increasing the sensitivity of the DEFT 5-fold. The relationship 
between colony and DEFT counts with 10 ml samples was better 
(r ~ 0.90) than that using standard 2 ml samples (r ~ 0.88). 
Alternatively, these modifications in procedure allowed the prei
ncubation time for 2 ml milk samples to be reduced from 10 to 2 
min. Sonication was successful in dispersing bacterial clumps in 
both pure cultures and in raw milk samples to yield a bacterial 
count by DEF.T which should give a better indication of the 
hygienic status and keeping quality of a product, than counts of 
colony forming units. 

1689 BHALLA, S. K.; REDDY, N. S.; RANGANATHAN, B. 
Effect of milk "olatHe compounds on growth of Escherichia coli 
in milk. Egyptian Journal of Dairy Science (1985) 13 (2) 121-
126 [En, ar, 12 ref.] S. Reg. Sta., National Dairy Res.lnst., PO 
Adugodi, Bangalore 560 030, India. 

Escherichia coli was grown at 37°C in reconstituted dried 
skim milk in the presence of I, 10, I 00, I 000 or 10 000 p.p.m. of 
various milk volatile compounds. Fatty acids (capric and lau
ric), ketones (acetone, 2-butanone and 2-pentanone), sulphur 
compounds (methyl sulphide, 1-propanethiol, 2-propanethiol 
and ethanethiol), hexylamine, acetomtrile and ethylene dichlo
ride all showed little inhibitory activity towards E. coli when 
tested at ..:; 1000 p.p.m., and ..:; 18% inhibition at 10 000 p.p.m. 



342 

The 3 aldehydes tested (acetaldehyde, isobutyraldehyde and 
propionaldehyde) showed only marginal inhibition at ""1000 
p.p.m., but at 10 000 p.p.m. they caused 19.7, 3.1 and 7.1% 
inhibition, resp., after 3 h, and 39.1, 5.8 and 30.8% after 6 h; no 
growth of E. coli was observed after incubation for 9, 15 and 12 
h, resp., with the 3 aldehydes. 

1690 SHEHATA, A. E.; MAGDOUB, M. N. 1.; EL-SAMRAGY, Y. 
A.; SULTAN, N. E. Psychrotrophic bacillus spores in milk as 
affected by L-cysteine, L-asparagine and nisin. Egyptian Jour
nal of Dairy Science (1985) 13 (2) 127-136 [En, ar, 17 ref.] 
Food Sci. Dep., Ain Shams Univ., Shoubra EI-Kheima, Cairo, 
Egypt. 

Germination of spores of Bacillus cereus, B. pumilus, B. 
bad ius and B. licheniformis in buffaloes' skim milk at 37°C was 
stimulated in the presence of 0.1% L-cysteine or L-asparagine. 
After incubation for 30 min, by which time germination was 
essentially complete, the 4 organisms, resp., showed 37.2, 37.0, 
43:9 and 42.2% germination in the presence of L-cysteine, and 
22.4, 29.4, 36.1 and 27.1% in the presence of L-asparagine; 
germination in controls at 30 min was 4.2, 3.4, 4.1 and 5.3%. 
Addition of nisin at 100 RU/ml had a sporicidal effect upon the 
organisms that was enhanced when L-cysteine was added to the 
milk prior to nisin, but reduced when L-asparagine was added. 
The sporicidal effect of nisin + L-cysteine was in the order B. 
badius > B. licheniformis > B. pumilus > B. cereus. 

1691 SHEHATA, A. E.; MAGDOUB, M. N. 1.; EL-SAMRAGY, Y. 
A.; SULTAN, N. E. Influence of sub-lethal heat-shock, L-cyste
ine, L-asparagine and nisin on germination of psychrotrophic 
bacillus spores in milk. Egyptian Journal of Dairy Science 
(1985) 13 (2) 137-148 [En, ar, 11 ref.] Food Sci. Dep., Ain 
Shams Univ., Shoubra EI-Kheima, Cairo, Egypt. 

Sublethal heat shock at 65-85°C (no holding time) stimu
lated germination of spores of Bacillus cereus, B. pumilus, B. 
badius and B. licheniformis in unheated buffaloes' skim milk at 
37°C; the milk was sterilized by filtration. The% germination of 
the 4 spp., resp., after I h was 35.4-37.3, 28.7-33,35.5-37.9 and 
36.9-39 vs.9.4, 8.1, 8.2 and 12.4% when no heat shock was given. 
Addition of 0.1% L-cysteine, 0.1% L-asparagine, nisin at 100 
RU/ml, nisin + l-cysteine or nisin + L-asparagine combined 
with heat shock produced even greater stimulation of germina
tion. Heat shock at 85°C combined with addition of nisin + L
cysteine and incubation for 30 min at 37°C gave the highest% 
of germination for a114 organisms, values being 88.9, 92.0, 91.0 
and 92.4% for B. cereus, B. pumi/us, B. badius and B. 
/icheniformis, resp. [See also Milchwissenschaft (1984) 39, 
159.] 

1692 MAHMOUD, S. Z.; NAGUIB, K.; EL-NOCKRASHY, S.; SAB
BOt:R, M. M.; TAWFEEK, N. Effect offormalin of some desira
ble and non desirable organisms. Egyptian Journal of Dairy 
Science ( 1985) 13 (2) 159-166 [En, ar, 13 ref.] Micro bioi. Dep., 
Ain Shams Univ., Cairo, Egypt. 

Streptococcus lactis, S. thermophilus, S.faeca/is, Escher
ichia coli type I, Salmonella typhimurium, Staphylococcus 
aureus and spores of Bacillus cereus, Clostridium butyricum 
and C. perfringens were each grown at 30°C for up to 60 days in 
reconstituted dried skim milk containing 0, 0.005, O.Ql, 0. 015 
or 0.02% formalin. At 0.005%, formalin had an inhibitory effect 
of varying intensity upon all organisms tested. 0.01% formalin 
was bactericidal to S. /actis, S. thermophi/us, Staph. aureus 
and E. coli, 0.015% was bactericidal to these organisms plus 
Salm. typhimurium, and 0.02% formalin was bactericidal to all 
of the organisms studied. It is concluded that low concn. of 
formalin could not be added to cheese milk to inhibit undesir
able organisms without also inhibiting desirable species. 

1693 NAGUIB, K.; MAHMOUD, s. Z.; EL-NOCKRASHY, S.; 
TAWFEEK, N. The use of potassium nitrite as dairy preserva
tive. Egyptian Journal of Dairy Science (1985) 13 (2) 167-176 
(En, ar, 16 ref.] National Res. Cent., Cairo, Egypt. 

Streptococcus lactis, S. thermophilus, S.faecalis, Staphy
lococcus aureus, Bacillus cereus, Escherichia coli type I, Clos
tridium perfringens, C. butyricum and Salmonella 
typhimurium were each grown at 30°C for up to 60 days in 
reconstituted dried skim milk containing 0, 0.03, 0.05, 0.1 or 
0.2% KN02• Growth and acid production of the Streptococcus 
spp. was inhibited by KN02 at rates proportional to the % 
KN02 added. The inhibitory effect on vegetative cells of Clos
tridium spp. was greater than on the streptococci, but 0.2% 
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KN02 was required for complete destruction of spores and vege
tative cells. Inhibitory effect on B. cereus increased with increas
ing KN02 concn. Growth of E. coli was stimulated by 0.03 and 
0.05% KN02, and the inhibitory effect of higher concn. became 
limited on prolonged incubation. Staph. aureus and Salm. 
typhimurium were inhibited but not completely destroyed by 
0.1-0.2% KN02• It is concluded that the use ofKN02 would not 
be beneficial in milk processing. 

1694 GOMES, C.; DUARTE, M. H.; VIEIRA, M. M. (Psychro
trophic microorganisms in raw milk.] Psicrotr6ficos no Ieite crll. 
Reposit6rio de Trabalhos do Instituto Nacional de Veteriniiria 
(1984) 16, 103-118 (Pt, en, fr, 5 ref.] Inst. Nacional de Vet., 
Lisbon, Portugal. 

Psychrotrophic counts ( 10 days at 4 °C) were carried out on 
93 samples of raw milk after refrigerated storage for 24 h (22 
samples), 36 h (60) or 48 h (11). After the 3 periods resp., 
counts of0-3000/ml were found in 59,50 and 18% of samples; 
3000-36 000/ml in 23, 32 and 46%; 36 000-267 000 in 0, 8 and 
9%; and 267 000-300 000 in 0, 3 and 18%. Samples with > 300 
000 psychrotrophsfml decreased from 18% at 24 h to 9% after 
48 h. The increase in growth of psychrotrophs between 36 and 
48 h is noted. 

1695 CHAKRABORTY, B. K.; CHAUDRY, S. S.; ALEX, K. A.; 
JACOB, G.; SONI, G. J. Application of the lactoperoxidase 
system for preserving buffalo milk produced in Indian villages. 
Mi/chwissenschaft (1986) 41 (l) 16-19 [En, de, 13 ref.] 
National Dairy Development Board, Anand, Gujarat, India. 

Buffaloes' bulk milk, from 10-15 producers in the Anand 
region of India, was treated with NaSCN at 15 p.p.m. and H20 2 
at 10 p.p.m. at about 3 h after milking. During storage at 37°C, 
the treated milk could be kept for 11.5 h without spoiling vs. 8.5 
h for untreated milk. Shelf-life could be extended for a further I 
h by sterilizing the milk cans with a 3 min rinse with a solution 
containing Cl at 400 p.p.m. Addition of NaSCN at 75 p.p.m. 
and H 20 2 at 50 p.p.m. extended the shelf-life to 15 hat 37°C. A 
booster dose of H20 2 at 35 p.p.m. added after 10 h extended the 
shelf-life to 18 hat 37"C. This 2-step lactoperoxidase treatment 
has been standardized for usc in village cooperatives. Morning 
milk, preserved in this manner and stored in a cool place during 
the day, is mixed with the afternoon milk and sent to the 
processing plant in the evening. During a 6-month trial in the 
summer of 1983, the keeping quality of buffaloes' milk received 
at the dairy was greatly improved. 

1696 THAKAR, R. P.; DAVE, J. M. Application of the acti
vated lactoperoxidase-thiocyanate-hydrogen peroxide system in 
enhancing the keeping quality of raw buffalo milk at higher 
temperatures. Mi/chwissenschaft (1986) 41 (l) 20-22 [En, de, 
20 ref.] Coli. of Dairy Sci., Gujarat Agric. Univ., Anand, Guja
rat, India. 

Preservation of buffaloes' raw milk at 23, 30 and 37°C was 
studied. The natural lactoperoxidase system was activated by 
adding NaSCN:H20 2 ratios of 10:10, 20:20 or 30:30 p.p.m. to 
milk from 3 village collection centres. Max. preservative effect 
was observed with the 30:30 p.p.m. addition at all 3 temp. At 
23°C, titratable acidity of milk increased after 14.2, 16.2 and 
19.2 h in the presence of 10:10, 20:20 and 30:30 additions of 
NaSCN and H20 2; in untreated milk the acidity began to 
increase after only 7.5 hat 23°C. Residual amounts of SCN in 
the m.ilk were low and no H20 2 could be detected. Changes in 
standard plate counts and in counts of acid-producing bacteria 
in lactoperoxidase-treated milk are discussed. 

1697 NIKOLOV, Z. [Psychrotrophic microftora of ewes' 
milk.] Khranitelnopromishlena Nauka (1985) 1 (2) 21-25 [Bg, 
ru, en, 13 ref.] Inst. po Mlechna Promishlenost, Vidin, Bulgaria. 

The mean psychrotrophic count of bulk ewes' milk (199 
samples) immediately after milking was 2.14 X 105 fml (approx. 
26% of the total bacterial count); of these, 95.3% were proteo
lytic psychrotrophs. The predominant genera were Leuconostoc 
(33.3%), Streptococcus (14.9%), Micrococcus (11.4%) and 
Pseudomonas (9.6%). On receipt at the dairy, the psychro
trophic count had increased to 1.07 X 106 fml; Pseudomonas 
(25.0%), Leuconostoc (15.9%) and Streptococcus (14.3%) were 
then the dominant genera. 



1698 NIKOLOV, Z. [Changes in the psychrotrophic count of 
ewes' milk during storage at different temperatures.] 
Khranitelnopromishlena Nauka (1985) I (3) 34-39 [Bg, ru, en, 
10 ref.] Inst. po Mlechna Promishlenost, Vidin, Bulgaria. 

Ewes' milk samples (90 batches), with varying degrees of 
initial bacterial contamination, were stored at 2-4, 6-8 or I 0-
12'C. Milk produced under proper hygienic conditions (total 
count <1.0 X 105 /ml) could be stored for up to 72,48 and 24 h 
at the 3 temp., resp.Milk with total counts> 1.0 X 105 /ml was 
not suitable for cold storage, its storage life being up to 15-20 h 
at 2-4 'C. Changes in the relationship between total, psychro· 
trophic and coliform counts are tabulated. 

1699 GAJDOSEK, S.; BUCHAROVA, M.; JANSTOVA, B. 
[Assessment of microbiological quality of milk by the resazurin 
test under production conditions.] Hodnoccni mikrobiologicke 
jakosti mleka !J.praven)'m resazurinov)'m testem v provoznich 
podminkach. Zivocisna Vf.roba (1985) 30 (5) 401-410 [Cs, ru, 
en, de, 5 ref.] Vysoka Skala Zemcldi!lska, 613 00 Brno, 
Czechoslovakia. 

During Nov. 1983-Feb. 1984, raw milk samples taken 
aseptically from tanks of 72 farms in the milkshed area of k.p. 
Lacrum enterprise (Brno, Czechoslovakia) were examined for 
total plate counts, psychrotroph counts and coliform counts. 
Resazurin tests ·were also made after incubation for 90 or 120 
min at 37'C, or after pre-incubation of sample at 37'C for 1 h 
and incubation with resazurin for 90 min at 37°C. Results of 
microbiological tests and resazurin tests classified the milks into 
3 resazurin guality classes. Agreement between resazurin 
results and microbiological tests are discussed. It is concluded 
that the pre-incubation step improved the resazurin tests, but 
still could not replace determination of counts by culturing 
methods. 

1700 ZAJ~C, M. [Methods of assessing the microbiological 
quality of milk.] Przegl~d metod oceny jakosci mikrobio
logicznej mlcka. Przeg/qd Mleczarski (1984) 33 (5; 7) 11-13; 
16-19 [PI, 39 ref.] Inst. Hodowli Bydla i Produkcji Mleka, 
SGGW-AR/CZSMI, Poland. 

Methods of assessing the microbiological quality of milk 
are reviewed under the following headings: reductase tests 
{based on reduction of dyes or nitrates, or on measurement of 
oxygen consumption); measurement of impedance; measure
ment of A TP; the Limulus lysate test; measurement of metabo
lites (notably pyruvate); radiometry (measurement of 14C01); 
microcalorimetry; methods based on measurement of bacterml 
growth; and microscopic methods (with either traditional or 
fluorescent staining). 

1701 LAL, J.; KHAN, B. L.; KULSHRESTHA, D. C. Effect of 
levels of hydrogen peroxide on survival of bacteria in milk. Asian 
Journal of Dairy Research (1985) 4 (I) 1-6 [En, 11 ref.] Dep. 
of Anim. Husbandry & Dairying, CS Azad Univ. of Agric. & 
Tech., Kanpur-208002, Uttar Pradesh, India. 

8 spp. of bacteria were tested for their survival in pasteur
ized milk at room temp. in the presence of H20 2 at SO, 100, 200 
or 300 p.p.m. Cultures containing 20 million organisms/ml 
were used. H 20 2 was detrimental to the growth of all organisms 
tested, the rate and extent of destruction varying with organism, 
H20 2 concn. and contact time.Enterobacter aerogenes and 
Escherichia coli were the most sensitive of the organisms tested, 
and were completely destroyed after 120 min in the presence of 
H20 2 at ~200 p.p.m. Destruction of Streptococcus /actis and 
Lactobacillus bu/garicus occurred at a slower rate and neither 
species was completely killed after 240 min in the presence of 
H20 2• Salmonella typhosa was less sensitive to H20 2 than was 
Staphylococcus au reus, and the least sensitive organisms tested 
were Bacillus subtilis and B. cereus. All control samples with
out H20 2 showed an increase in bacterial count during storage. 

1702 RAMANJANEYULU, G.; VYAS, S. H. Keeping quality of 
heat treated milk at room temperature. Asian Journal of Dairy 
Research (1985) 4 (l) 20-22 [En, 5 ref.] Dairy Sci. Coil., 
Anand, Gujarat, India. 

The effects of (i) no treatment, (ii) pasteurization at 63'C 
for 30 min, (iii) heating at 93'C for 3 min or (iv) heating at 
IOO'C for 3 min, upon titratable acidity (TA) and keeping 
quality (KQ) at room temp.(28-36'C) of mixed bulk milk were 
investigated. Mean standard plate count, TA and KQ (clot-on
boiling test) resp. were: (i) 4 129 000/ml, 0.18% and 7.10 h; (ii) 
12 000/ml, 0.17% and 12.25 h; (iii) 600/ml, 0.17% and 10.94 h; 
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and (iv) 290/ml, 0.18% and 12.75 h. During storage, theTA of 
(ii), (iii) and (iv) resp. increased to 0.18, 0.18 and 0.19% after 8 
hand 0.21, 0.19 and 0.21% when the samples became positive in 
the clot-on-boiling test; raw milk (i) had a higher TA of0.23% 
when it became positive in the clot-on-boiling test. 

1703 N!EUWENHOF, F. F. J.; HOOLWERF, J.D.; LANGEVELD, 
L. P. M.; WAALS, C. B. VAN DER [Modem methods for assess
ing the bacteriological quality of milk.] Modcrne methoden voor 
bet vaststellen van de bacteriologische gesteldheid van melk. 
Voedingsmiddelentechnologie (1985) 18 (14;16) 22-25; 16-18 
[Nl, en, 24 ref.] Ncderlands lnst. voor Zuivelonderzoek, Ede, 
Netherlands. 

The DEFT (Direct Epifluorescent Filter Technique), 
Bactoscan, impedance and A TP methods for determining the 
bacteriological quality of milk are compared in the light of 
experience at the Netherlands Institute for Dairy Research 
(NIZO). It is concluded that none ol these methods can fully 
replace the traditional plate count method, although some do 
have higher repeatability. 

1704 KONECNY, S. [Changes in bacterial flora in cooled raw 
milk.) Zmtny bakterhilniho obrazu v chlazenCm syrovem I}ll6ce. 
Veterinai'stvi (1985) 35 (9) 395-398 [Cs] Statni Vet. Ustav, 

723 08 Ostrava-Martinov, Czechoslovakia. 
A 2-1 sample of raw milk at 14'C was obtained (from the 

tank on a farm practicing refrigeration) 2 h after the morning 
milking, transported within 30 min to the laboratory, cooled to 
7°C within a further 30 min, and examined bacteriologically 
before and after storage at 4 'C for 4 days. Total bacterial 
counts, counts of coliforms, enterococci, heat-resistant 
mesophils, total psychrotrophs, proteolytic and lipolytic 
psychrotrophs, and heat-resistent psychrotrophs were mea
sured. The main findings were that counts of psychrotrophic 
microorganisms increased noticeably after 48 h at 4 oc with 
simultaneous increases in proteolytic and lipolytic microorga
nisms; no evident changes in titratable acidity or pH of samples 
were observed. 

1705 GIRAFFA, G.; CARINI, S. Ultraviolet and infrared utili
zation for the microbiological safety of milk. Microbio/ogie -
Aliments- Nutrition (1984) 2 (I) 91-93 [En, 16 ref.]Istituto 
Sperimentale Lattiero Caseario, v. Lombardo 11, Lodi, Milan, 
Italy. 

UV irradiation of whole or skim milk (conditions not speci
fied) did not prevent growth of sporeforming microorganisms. 
For complete destruction of all bacteria in milk, the irradiation 
time required resulted in impairment of milk-clotting activity. 
Combined UV and IR treatment of whole milk followed by 
heating at 65 or 75°C resulted in up to 99%destruction of yeasts 
and moulds and non-sporeforming bacteria, but had only a 
slight effect on sporeforming bacteria. 

1706 LEVY, A.; COIFFIER, 0.; ZYLTMAN, F.; HAMELIN, M. 
{First results of an investigation of Yersinia enterocolitica on a 
dairy farm in Normandy, France.) Premier bilan d'unc enquCte 
sur la presence de Yersinia enterocolitica dans une ferme de 
Basse Normandie. Microbio/ogie - Aliments - Nutrition 
(1984) 2 (3) 271-275 [Fr, en, 19 ref.] Lab. de Recherche en 
Physico-Chimie et Microbial. Alimentaires, Univ. de Caen, 

-14032 Caen Cedcx, France. 
Individual milk samples from 59 cows were examined and 

Yersinia enterocolitica was found in 6 samples after enrichment 
with peptone water and incubation at 4 oc for I week. Y. enter
ocolitica was found in 8 further samples after enrichment and 
incubation at 4'C for 4 wk. All isolates were of biotype 1 and 
lysotype XZ; 2 were of serotype 5 and 1 of serotype 6,31 (both 
serotypes which have been associated with illness in man) and 
the rest were of serotype 39,41. Yersina strains were isolated 
from 5 of 14 weekly samples of well water: 2 were of Y. kristen
senii, 1 of Y. intermedia and 5 of Y. enterocolitica. Of the 
Y.enterocolitica strains, 2 (in the same water sample) were of 
biotype 3 and serotype 14, 1 was of biotype 1 and serotype 39,41 
and the other 2 (in 1 water sample) were of biotype 1 and 
serotypes 5 and 6; all were of lysotypc XZ. Due to the inade
quacy of the sampling method, no yersinia were isolated from 
faeces. 
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1707 BISHOP, J. R.; WHITE, C. H. Estimation of potential 
sheJf.Jife of pasteurized fluid milk utilizing bacterial numbers 
and metabolites. Journal of Food Protection (1985) 48 (8) 663-
667 [En, 26 ref.] Dep. of Dairy Sci., Louisiana Agric. Exp. Sta., 
Baton Rouge, Louisiana 70803, USA. 

Pasteurized whole and skim milk samples, obtained on the 
day of processing, were inoculated in duplicate with 
Pseudomonas ftuorescens P27 at 0, 1000 or I 00 000 bacte
ria/mi. Samples were stored at 7°C for 20 days, and were 
analysed for microbiological and biochemical parameters every 
5 days. Results obtained indicated that for bacterial enumera
tion, a preliminary incubation at 21 •c for 14 h was best; highest 
correlation with potential shelf-life (r = -0.814) was obtained 
using a modified psychrotrophic count technique [Oliveria & 
Parmelee, Journal of Milk and Food Technology. (1976) 39, 
269; DSA 38, 7396]. Proteinase activity was related to shelf-life 
(r = -0.556), but was not a good initial indicator. Endotoxin 
evaluation, by the Limulus test, was a good indicator of poten
tial shelf-life but had several limiting factors. Impedance detec
tion gave the most useful information concerning the potential 
shelf-life of pasteurized milk. Shelf-life (days) can be calculated 
from the equation 0.560 + 1.400(IDT) - 0.032(IDT)2

, where 
IDT is the impedance detection time. 

1708 ROWE, M. T.; GILMOUR, A. Oxygen tension measure
ment as a means of detecting incipient spoilage of raw milk by 
psychrotrophic bacteria? International Journal of Food 
Microbiology (1986) 3 (I) 43-49 [En, 17 ref.] Agric. & Food 
Bact. Res. Div., Queen's Univ. of Belfast, Belfast BT9 5PX, 
UK. 

Fresh raw milk (3.5 1) was transferred to an experimental 
5-l batch fermenter vessel and incubated at 7•c for 7 days with 
stirring at 200 revfmin and filtered air passed into the head
space at a rate of 41/min. Counts of mesophiles, psychrotrophs 
and Pseudomonas spp. were made at intervals during incuba
tion. Production of extracellular proteinase and lipase activity 
was detected on days 4 and 3, resp., corresponding to the end of 
the log phase of growth of the 3 types of microbial populations 
examined. Oxygen tension decreased from 89% saturation on 
day l to <10% on day 3. This same pattern for oxygen tension 
and lipase production was observed when raw milk samples 
from creamery silos were incubated at 7°C in an orbital incuba
tor. Results obtained suggest that measurement of oxygen ten
sion may be used to indicate incipient enzyme-mediated 
spoilage of raw milk by psychrotrophs. 

1709 WALKER, S. J.; GILMOUR, A. A comparison of media 
and methods for the recoYery of Yersinia enterocolitica and 
Yersinia enterocolitica-like bacteria from milk containing simu
lated raw milk microfloras. Journal of Applied Bacteriology 
(1986) 60 (3) 175-183 [En, 36 ref.] Queen's Univ. of Belfast, 
Newforge Lane, Belfast BT9 5PX, UK. 

A number of plating and enrichment media proposed for 
the isolation of Yersinia enterocolitica from foodstuffs were 
examined for their ability to recover the type strains of Y. enter
ocolitica sensu stricto, Y. intermedia, Y. frederiksenii and Y. 
kristensenii. 9 selective plating media were evaluated for the 
quantitative recovery of the type strains in pure culture, and 
their inhibition of other orgamsms typical of both milk and 
enteric microfloras. Cefsulodin-irgasan-novobiocin (CIN) agar, 
incubated for 48 h at 25°C, allowed a high recovery of all the 
Yersinia spp. and was the most selective medium. The same 4 
type strains were added to UHT milk that had been previously 
inoculated with bacteria to simulate either freshly drawn or cold 
stored milk microfloras. 26 enrichment procedures (including
cold enrichment, selective enrichment at higher temp., two-step 
procedures and a post-enrichment alkali treatment) were 
assessed for the efficiency of recovery of the Yersinia spp. Pre
enrichment in trypticase-soya broth for 24 hat 22•c followed 
by selective enrichment in bile-oxalate-sorbose medium for 5 
days at 22•c and plating on CIN agar (48 hat 25°C) allowed 
the greatest increase in the numbers of Yersinia spp. and max. 
inhibition of the competing microftora. 

1710 LECOS, C. Of microbes and milk: probing America's 
worst salmonella outbreak, Dairy and Food Sanitation ( 1986) 6 
(4) 136-140 [En] 

An account is given of the outbreak of Salmonella 
typhimurium food poisoning in the Chicago area in 
March/ April 1985. The source of the outbreak was low-fat milk 
produced at the Hillfarm Dairy. At least 16 284 persons were 
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affected. A task force appointed to investi~ate the presence of S. 
typhimurium in pasteurized low-fat milk concluded that a 
cross-connection pipe could have caused the contamination. 
Small amounts of milk could remain in this pipe long enough for 
bacteria to multiply. Then when pasteurized skim milk was 
pumped at high speed to the blending lines (for mixing with 
pasteurized whole milk to produce low-fat milk) a vacuum was 
produced which drew contaminated milk into the skim milk line. 
Another possible source of contamination was the reclaimed 
milk which was not suitable for delivery to retail outlets. Some 
of this milk might bypass the re-pastcurization units. A T
shaped pipe connection leading from the pasteurized skim milk 
tank to the skim milk transfer line was also suggested as a 
possible source of contamination, but no definite conclusions 
could be reached. The dairy ceased production in April 1985 
and has not reopened. 

1711 DICKE, B.; LANGSTROF, H.; NtTZSCHKE, E. [Bacterio
logical analysis of raw milk from bulk tankers of dairies in the 
RhinelandwPalatinate.] Bakteriologische Untersuchungen an 
Rohmilch aus Tankwagen rheinland-pfalzischer Molkereien. 
Archiv fiir Lebensmittelhygiene (1985) 36 (5) 1!7-120 [De, en, 
25 ref.] Landesveterinaruntersuchungsamt, Rheinland-Plalz 
5400, German Federal Republic. 

Tabulated results are presented for total and coliform 
counts measured in bulk milk samples over a 10 yr period. A 
gradual improvement (lower counts) was observed during the 
period, especially following new regulations in 1984. Mean 
counts of 98 samples from daily collections and 132 samples of 
2-day collections were 1.99 X 106 and 2.5 X 106/ml, resp. 
Counts of coliform and psychrotrophic organisms were signifi
cantly higher in samples collected every other day than in those 
collected daily. 

1712 WAGNER, A.; ETTER, L.; BARTHA, !.; MER~NYl, [. 
[Microbiological tests on milk of improved keeping quality, and 
ways of extending its guaranteed shelf-life.] A feltart6s tej 
mikrobiol6giai vizsg{tlata es minOsCgmegOrzCsi idejCnek 
ntivelese. Tejipar (1984) 33 (3.) 57-58 [!ju, en, ru, 7 ref.] 
Tejipari Vallalatok Trtisztje Minosegilgyi Foosztaly, Budapest, 
Hungary. 

Of I 0 samples of milk heat-treated with ElecSter equip
ment at the Tatabanya dairy, Hungary, 2 had total bacterial 
counts over 105 Jml at the end of their 7 days' guaranteed shelf
life and were contaminated with Bacillus cereus subsp. 
mycoides. It was concluded that guaranteed shelf-life could not 
be extended unless the raw milk had a total bacterial count 
below 5 X 10' fml and was virtually free of spore-forming and 
thermoduric microorganisms and their enzymes. 

1713 WAGNER, A.; FEJ~R-BALOGH, E.; BANATY, P.; KRIS· 
TOF6RI, K. [Microbiological grading of UH~ milk by a semi
micro method.] A tart6s tej mikrobiol6giai minOsitCse fClmikro
eljarassal. Tejipar (1984) 33 (3) 58-59 [J:!u, en, ru, 7 ref.] 
Tejipari Vallalatok Trtisztje Miniisegilgyi Foosztaly, Budapest, 
Hungary. 

Samples of UHT milk from a Budapest dairy were tested 
for total bacterial count (MPN) by a sem1-micro method (using 
a culture medium containing triphcnyltetrazolium chloride) 
and by the correspondin~ macro method specified in Hungarian 
Standard MSZ 3743j2-82. The semi-micro method was 
cheaper, needed less space and allowed 10 times as many tests to 
be performed with a given amount of culture medium. 

1714 AGGARWAL, P. K.; SRINIVASAN, R. A. lnftuence of 
Bacillus cereus on the keeping quality of pasteurised milk. 
Indian Journal of Dairy Science (1986) 39 (!) 95-97 [En, II 
ref.] Div. Dairy Microbial., National Dairy Res. lnst., Kamal, 
Haryana !32 001, India. 

Milk samples, collected immediately after pasteurization 
at an experimental dairy unit, were divided into 2 groups on the 
basis of a B. cereus count of (i) <>100/ml and (ii) >100/ml. 
The samples in group (i) had mean counts of 18 B. cereus and 68 
000 total bacteriafml initially and 1370 and 7783 X !06/ml, 
rcsp., when the sample became clot-on-boiling (COB)-positive 
(mean 14.38 h); during this period the acidity increased from 
0.14 to 0.30% lactic acid. Correspondingly, group (ii) samples 
contained a mean of 855 B. cereus and 31 400 total bacteria/ml 
initially and 6850 and 4786 X !06/ml when COB-positive 
(mean 12.67 h), and acidity increased from 0.14 to 0.27% lactic 
acid. 



1715 KONTOVA, M.; PREKOPPOVA, J. (The heat-resistant 
microflora of milk.] Termorezistentna mtkroft6ra mlieka. 
Pol'nohospo;larstvo (1985) 31 (8) 755-?61 [Sk, en, ru, 3 ref.] 
Vyskumny Ustav Mliekarensky, 01000 Zilina, Czechoslovakia. 

In a dairy factory situated in a mountain region and in one 
situated in a lowland region of Slovakia, milk samples were 
pasteurized during Jan.-March at noc for 15 s, allowed to pre
ripen at 10-l2°C with 0.03% cream starter, and made mto 
Emmental-type cheese. Overall geometric means for milks as 
used for cheesemaking at the 2 factories, resp. were: total 
counts, I 03 000 and 45 000/ml; counts of heat-resistant strepto
cocci, II 000 and 42 bOO/ml; counts of heat-resistant 
lactobacilli, 30 and 50/ml; and counts of micrococci, 210 and 
23/ml. Milk from both factories contained anaerobic spore
forming bacteria. Cheeses made in the mountain factory had a 
typical Emmental sweetish often nutty /almond taste compared 
with the insipid taste of cheeses made in the lowland region. 

1716 KozAK, J. J. FDA's Dairy Program initiatives. Dairy 
and Food Sanitation (1986) 6 (5) 184-185 [En] Milk Safety 
Branch, US FDA, 200 C. Street SW, Washington, DC 20204, 
USA. 

In the USA in 1985, there were 2major outbreaks of illness 
associated with consumption of pasteurized milk and a soft 
cheese. This article outlines briefly the steps being taken by the 
FDA to prevent such outbreaks in the future. In the case of 
pasteurized milk, it was found that the actual pasteurization 
process was not at fault, but that post-pasteurization contami
nation had occurred. There is a need for closer inspection of 
equipment to ensure that there is adequate cleaning and no 
possibility of raw milk coming into contact with pasteurized 
milk. With non-grade A milk products (such as soft cheese), 
greater care is needed in correct operation of pasteurization 
plants and in all aspects of hygiene. 

1717 BATitSTOTII, B. [Determination of anaerobic spore
formers in milk.} Problemi connessi con Ia determinazione degli 
sporigeni anaerobi nel latte. Scienza e Tecnica Lattiero
Casearia (1985) 36 (5, Suppl.) 508-523 [It, 9 ref.] Istituto 
Microbial., Univ. Cattolica del Sacra Cuore, Piacenza, Italy. 

The differentiation of clostridial species and the determina
tion of Clostridium tyrobutyricum in cheese milk are discussed. 
A study of methods for determination of C. tyrobutyricum 
spores suggested that the best substrate was RCM-Iactate-ace
tate, with a pH around 6.10, and that the sample needed to be 
heated for 15-20 min at 85°C and then cooled to !5°C before 
analysis. The optimum incubation period was 7 days (at 37 °C}. 
Longer incubation did not increase the number of positive 
results (tubes with gas). 

1718 URADZI>ISKI, J.; KAFEL, S.; SZTEYN, J. [Effect of heat 
treatment on sunhal of SalmoneUae in naturally souring milk.] 
Wptyw ogrzewania na prze:iywalnoSC salmoneli w naturalnie 
kwasniejqcym mleku. Medycyna Weterynaryjna (1985) 41 
(II) 658-660 [PI, ru, en, 13 ref.] Katedra Higieny Produkt6w 
Zwierzi'Cych Wydziat Weterynaryjny, ART, 10-957 Olsztyn
Kortowo II, Poland. 

Commercial pasteurized milk was distributed into sterile 
200-ml flasks and moculated with Salmonella typhimurium, S. 
cholerae-suis and S. anatum at 2.7 X 104 to 3.4 X 105 cells/ml 
and held at 15, 20, 25 or 30°C for I, 2 or 3 days.Milk samples 
were examined bacteriologically and for changes in pH during 
storage. In a 2nd series of experiments, flasks with soured milk 
were heat-treated for 2 h at 35-65°C (as used for twar6g 
cheeses), and examined bacteriologically. The results are tabu
lated and discussed in detail. The main conclusions were that 
salmonellae were capable of surviving spontaneous souring of 
milk, the extent depending on species, duration of incubation 
and pH (survival hmit being at about pH 4.3). Heating the 
milks for 2 h at 35-60°C did not destroy all salmonellae. 

1719 FORD, J. E.; SCHRODER, M. J. A.; BLAND, M. A.; 
BLEASE, K. S.; SCOTT, K. J. Keeping quality of milk in relation 
to the copper content and temperature of pasteurization. Jour
nal of Dairy Research (1986) 53 (3) 391-406 [En, 27 ref.] 
National Jnst. for Res. in Dairying, Shinfield, Reading RG2 
9AT, UK. 

For milk from 4 herds of cows, maintained under different 
conditions of feeding and management, the natural Cu content 
and the stability of the ascorbate were highly correlated. Low 
Cu concn. in milk from cows at pasture at farms A and B during 
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the summer were associated with low storage losses of 
ascorbate; the milk of cows at farms C and D (on forage and Co
supplemented concentrate) was richer in Cu, and losses of 
ascorbate were high. In 'high Cu' milk (60 l'g/1), loss of 
ascorbate in raw milk was 58% at 2 days, 17% after pasteuriza
tion at noc and zero after treatment at 82°C. Storage of milk 
in light caused rapid destruction of ascorbate, equally with 72 
and 82°C heat treatments. Heat treatment at 82°C increased 
the susceptibility of vitamin B 12 to destruction by li~ht, but 
otherwise caused no greater losses of B-complex vitamms than 
did treatment at 72°C. Taste panel ratings showed an initial 
preference for milk heated at 72°C, but on storage of this milk 
in darkness the flavour score fell progressively and at 5 days it 
was judged 'stale'. Treatment at 82°C gave a faint 'cooked' 
flavour although, unlike that of the 72°C-treated milk, the fla
vour remained stable throughout 14-days storage and after day 
8 was increasinglX preferred. On exposure to light after treat
ment at 72°C, mtlks rapidly acquired an unpleasant 'oxidized' 
flavour, but after treatment at 82°C, exposure to light had no 
such adverse effect on flavour during the early days of storage. 
Pasteurization at about 80°C offers a potential for improvement 
in the oxidative stability of milk and tts contribution of vitamin 
C to the diet. 

1720 GINN, R. E.; PACKARD, V. S.; FOX, T. L. Enumeration 
of total bacteria and coliforms in milk by dry rehydratable film 
methods: collaborative study. Journal of the Association of 
Official Analytical Chemists (1986) 69 (3) 527-531 [En, 5 ref.] 
Dairy Quality Control Inst. Inc., 2353 Rice Street, St. Paul, 
MN 55113, USA. 

Eleven laboratories participated in a collaborative study to 
compare the dry rehydratable film (Petrifilm., SM and 
Petnfilm® VRB) methods, resp., to the standard plate count 
(SPC) and violet red bile agar (VRBA) standard methods for 
estimation of total bacteria and coliform counts in raw and 
homogenized pasteurized milk. Each laboratory analysed 16 
samples (8 different samples in blind duplicate) for total count 
by both the SPC and Petrifilm SM methods. A second set of 16 
samples was analysed by the VRBA and Petrifilm VRB meth
ods. The repeatability standard deviations (the square root of 
the between-replicates variance) of the SPC, Petrifilm SM, 
VRBA, and Petrifilm VRB methods were 0.05104, 0.0444, 
0.14606 and 0.13806, resp.; the reproducibility standard devia
tions were 0.07197, 0.06380, 0.15326 and 0.13806, resp. The 
difference between the mean log 10 SPC and the mean log 10 
Petrifilm SM results was 0.027. For the VRBA and Petrifilm 
VRB methods, the mean log 19 difference was 0.013. These 
results generally indicate the su1tability of the dry rehydratable 
film methods as alternatives to the SPC and VRBA methods for 
milk samples. The methods have been adopted official first 
action. 

1721 PHILLIPS, J. D.; GRIFFITHS, M. W. Estimation of 
Gram-negative bacteria in milk: a comparison of inhibitor sys-. 
tems for preventing Gram-positive bacterial growth. Journal of 
Applied Bacteriology (1986) 60 (6) 491-500 [En, 32 ref.] 
Hannah Res. lost., Ayr KA6 SHL, UK. 

A number of inhibitor systems which have been reported to 
allow selection of Gram-negative bacteria were tested against 
Gram-positive (Bacillus brevis, B. cereus, B. circulans, B. 
licheniformis, B. pumilus, B. subtilis, Lactobacillus 
plantarum, Micrococcus roseus, Staphylococcus aureus, 
Staph. warneri, Streptococcus faeca/is and Str. lactis) and 
Gram-negative (Achromobacter sp., Acinetobacter sp., Aer
omonas sp., Alcaligenes faecalis, Chromobacterium sp., 
Citrobacter freundii, Enterobacter agglomerans, Escherichia 
coli, Flavobacterium odoratum, Pseudomonas jluorescens, P. 
fragi, P. lemonnieri, P. putida, P. stutzeri, Serratia 
liquefaciens and Ser. marcescens) isolates from milk and milk 
products. No one system worked perfectly. A mixture of crystal 
violet-penicillin-nisin or monensin had least inhibitory effect on 
Gram-negative isolates whereas Selectocult (a commercially 
available mixture of Benzalkon A 50% and crystal violet) and 
sodium deoxycholate were the most effective inhibitors of 
Gram-positive bacteria. Cetrimide-fucidin-cephaloridine solu
tions, which have been reported as allowing selective growth of 
pseudomonads, were not so specific when applied to milk 
systems. 
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1722 SWANSON, S. P.; DAHLEM, A. M.; RooD, H. D., JR.; 
COTE, L. M.; BUCK, W. B.; YOSHIZAWA, T. Gas chromato
graphic analysis of milk for deoxynivalenol and its metabolite 
DOM-1. Journal of the Association of Official Analytical 
Chemists (1986) 69 (I) 41-43 [En, 16 ref.] Dep. Vet. Biosci., 
Univ. lllinois, 2001 S. Lincoln Avenue, Urbana, IL 61801, 
USA. 

A simple and sensitive method is described for the determi
nation in milk of the trichothecene mycotoxin deoxynivalenol 
(DON) and its metabolite (DOM-1, which results from deox
ygenation of the 12, 13-epoxide group of the parent compound to 
form a carbon-carbon double bond and has been produced in 
vitro by bovine rumen microorganisms.) Milk samples were 
extracted with ethyl acetate on a commercially available dispos
able extraction column, followed by hcxanefacetonitrile parti
tioning. Final purification was accomplished on a reverse phase 
C-18 cartridge. The trimethylsilyl (TMS) ether derivatives of 
DON were prepared, chromatographed on an OV -17 column 
and measured with an electron capture detector. Chromatogra
phy of the TMS derivatives of milk extracts was compared with 
that of the corresponding heptaftuorobutyryl ester derivatives. 
The limit of detection using TMS derivatives was I ngfml for 
both toxins. Recoveries of DON from samples of fresh or frozen 
milk spiked at 2.5 or 10 ng/ml averaged 82 ± 9%; recovery of 
DOM-1 from fresh milk spiked at 10 ng/ml was 85 ± 6%. 

1723 MXRTIBAUER, E.; TERPLAN, G. [Highly sensitive het
erologous enzyme-immunoassay for aflatoxin Ml in milk and 
dried milk.] Ein hochempfindlicher heterologer enzymimmuno
logischer Nachweis von Aflatoxin Ml in Milch und 
Milchpulver. Archiv fur Lebensmittelhygiene ( 1985) 36 (3) 53-
55 [De, en, 29 ref.] Lehrstuhl Hygiene & Tech. der Milch, 
Univ. MUnchen, 8000 Munich 40, German Federal Republic. 

Using a highly specific antibody against aflatoxin Ml, a 
heterologous enzyme-ImmunoassaY. was developed for determi
nation of Ml in milk and dried mtlk. Aflatoxin Bl-horseradish 
peroxidase conjugate was used as enzyme-labelled ligand. Sam
ples were prepared using a Sep-pak C 18 cartridge, and toxin 
content was calculated by a personal computer. Detection limit 
of Ml was <2.5 pgfml without concentration of samples. 
Recovery for Ml in the range 5-30 pg/ml was about 94%. Good 
agreement was found for Ml ( <2.5-92.7 pgjml) in reconsti
tuted dried milk samples, I O% TS, analysed by both ELISA and 
TLC. 

1724 EMOVON, 0.; HILL, E. C. Characterization of spoilage 
bacteria in raw milk by numerical profiles. International 
Biodeteriorotion (1986) 22 (I) 15-19 [En, 2 fig., I tab.] Bioi. 
Programme, Abubakar Tafawa Bulewa Coli., Amadu Bello 
Univ., Bauchi Campus, PMB 0248, Bauchi, Nigeria. 

A total of 100 bacteria were isolated from raw milk allowed 
to spoil at various temperatures. Three digit numerical profiles 
were assigned to the isolates using 9 characterization tests 
which not only indicated the significance of the isolates in the 
spoilage of raw milk but also aided the identification of the 
isolates. Using the numerical profiles assigned to the spoilage 
bacteria, the dominant strains were identified and the percent
age diversity of the population was determined. The most domi
nant profiles were 141 (22%) and 505 (22%). The percentage 
diversity of the population was 27%. 

Cheese 

1725 FRANCIS, 0. J., JR.; WARE, G. M.; CARMAN, A. S.; 
KUAN, S. S. Thin layer chromatographic determination of 
sterigmatocystin in cheese. Journal of the Association of Offi
cio/ Analytical Chemists (1985) 68 (4) 643-645 [En, 17 ref.] 
Food and Drug Administration, Natural Toxins Research 
Center, 4298 Elysian Fields Ave., New Orleans, LA 70122, 
USA. 

Using the technique described, sterigmatocystin could be 
detected and quantified at 2 and 5 JJ.g/kg, respectively. Av. 
recoveries were 88.3 and 86.4% at the 10 and 25 JJ.g/kg levels, 
respectively. 

1726 MICIIAUX, 0. [Identification of Micrococcaceae iso
lated from soft cheese.] Identification de Micrococcaceae isoles 
des fromage a pate molle. Microbio/ogie - Aliments - Nutri
tion (1983) I (4) 399-403 [Fr, en, 17 ref.] Lab. de Microbial., 4 
Rue Ledru, 63038 Clermont-Ferrand Cedex, France. 
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Of 126 strains isolated from 8 types of soft cheese, 103 were 
identified by the API Staph technique combining 20 biochemi
cal tests. They were: Staphylococcus aureus (19), S. 
epidermidis (8), S. saprophyticus (13), S. cohnii (8), S.capitis 
(9), S. hominis (6), S. /entus (3), S. xy/osus biotype 2 (24), 
Micrococcus varions (5) and Micrococcus spp. (8). About 60% 
of staphylococci and 50% of micrococci were sensitive to 
lysozyme at 400 JJ.g/ml. All micrococci and 36% of the staphylo
cocci were resistant to lysostaphin. 

1727 ABBAR, F. M.; MOHAMMED, M. T. Identification of 
some enterotoxigenic strains of staphylococci from locally 
processed cheese. Food Microbiology (1986) 3 (I) 33-36 [En, 
20 ref.] Dep. Bioi., Coli. Sci., Univ. Mosul, Mosul, Iraq. 

Examination of 23 cheese samples from Mosul, Iraq 
showed that total counts of mesophilic aerobic bacteria ranged 
from 75 000 to 460 000/g. Biochemical characteristics of 80 
strains of bacteria isolated from the cheeses indicated that 
72.5% were staphylococci and 27.5% were micrococci. The 
staphylococci were grouped into 5 distinct types, one of which 
contained 18 isolates classified as Staphylococcus aureus; 3 
other groups contained S. epidermidis and the 5th group con
tained S. hyicus. Enterotoxin A was produced by 6 of the S. 
aureus strainsj none of the other strains produced enterotoxins. 

ANIMAL PROTEIN 

Adhesives 

See also abst. 1870 

PLANT FIBRES 

See also abst. 1817 

1728 CROSBY, T. K.; WATT, J. C.; KISTEMAKER, A. C.; NEL· 
SON, P. E. Entomological identification of the origin of 
imported cannabis. Journal of the Forensic Science Society 
(1986) 26 (I) 35-44 [En, 30 ref., 2 fig.] Entomology Division, 
Department of Scientific & Industrial Research, Private Bag, 
Auckland, New Zealand. 

Chemical methods proved unsatisfactory for identifying 
the origin of cannabis [hemp] plant material imported illegally 
into New Zealand in 1982. Sixty specimens of dead insects and 
insect fragments were found in examined material and were 
identified using scanning electron microscopy. They belonged to 
the Araneae and to 15 recognizable families of Coleoptera, 1 of 
Diptcra, 2 of Hemiptera, 4 of Hymenoptera, 2 of Lepidoptera 
and I of Psocoptcra. Only the stored products pest, the curcu
lionid Sitophilus oryzae. was known previously to occur in New 
Zealand. Eight of the specimens provided sufficient information 
to indicate very strongly the geographic area and environment 
where the hemp was harvested. These included the parasitic 
chalcidid Tropimeris monodon, the agaonid fig-pollinator 
Parapristina verticillata and the nuisance formicid Pheido
/ogeton diversus. The distribution of this ant, a tenebrionid and 
a bruchid located the origin of the hemp more precisely in south 
Burma or Thailand. Another batch of hemp material revealed 6 
insect specimens belonging to 4 families of Coleoptera, none of 
which were of New Zealand origin. 

1729 NAIR, K. S. S.; MATHEW, G.; VARMA, R. V.; 
GNANAHARAN, R. Preliminary investigations on the biology 
and control of beetles damaging stored reed. KFRI Research 
Report. Kera/o Forest Research Institute (1983, reed. 1984) 
No.19, [5+] 35 pp. [En, 29 ref., 8 fig.] Division of Entomology, 
Kerala Forest Research Institute, Peechi 680 653, India. 

A survey of the insects damaging the fibre-producing reed 
Och/andra travancorica was undertaken in Kerala, India, dur
ing 1981-1982. Termites were capable of causing major dam
age to stored reed. The bostrichid Heterobostrychus aequa/is, 
the lyctid Minthea rugicol/is and the curculionid Myoca/andra 
exarata caused some damage but were not considered to be 
major pests. The bostrichids Dinoderus minutus and D. ocel
/aris attacked reed cu!ms and finished products. The incidence 
of infestation by these 2 pests was unpredictable. They were 



parasitized by the braconids P/atyspathius dinoderi and 
Spathius sp. and the pteromalid Cerocephala sp., and were 
preyed upon by the clerid Til/us notatus. It was possible to rear 
D. minutus on dry cassava chips, though dry cassava stems and 
wheat Hour cakes (with or without yeast) were also suitable for 
development. The age of the reed culms at harvest and the 
extent of drying after harvest appCared to influence susceptibil~ 
ity to the bostrichids. Of the II insecticides tested in the labora
tory for their efficacy by direct spraying, the following were 
found to be effective: cypermethrin, permethrin, carbaryl, mala
thion, fenitrothion, methyl-parathion [parathion-methyl] and 
HCH. Cypermethrin, permethrin and HCH were found to be 
effective when incorporated into cassava food-medium. 
Monthly applications of 0.5% HCH to reed stacks did not 
ensure adequate protection. A pest management strategy 
including pnority utilization of infested stock and weekly appli
cation of HCH during outbreaks is recommended. 

1730 GUAN, L. H. An efficient and economic way of killing 
pink bollworms in commercial cotton. In Proceedings of the 
Third International Working Conference on Stored-Product 
Entomology. October 23-28, 1983, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 583-593 [En, 6 fig.] Tianjin 
Animal & Plant Quarantine Service, Tianjin, China. 

Three machines that are used in cotton processing were 
tested in China for their ability to disinfest (for export) ungin
ned and raw stored cotton artificially infested with larvae of the 
gelechiid Pectinophora gossypiella. A multiroller machine for 
removing impurities killed 95. 4% of the larvae. A ginning 
machine was 99.76% effective, and a baling press that developed 
a pressure of up to 90 tons was 99.76% effective. When the 3 
processes were used in succession in tests in 5 commercial 
plants, there were no survivors among 120 000 larvae intro
duced artificially. A plant that used a smaller ginning machine 
than the one described, without a cleaning device and with a 
non-standard saw-cylinder, was over 99% effective, but this was 
not considered satisfactory for export cotton. 

1731 TARGO~SKI, Z. [Ability of some species offungi of the 
basidiomycetes class to degrade cellulose and lignocellulose sub
strates.] Uzdolnienia niekt6rych szczepow grzyb6w z klasy 
Basidiomycetes do biodegradacji celulozy i substrat6w 
lignocelulozowych. Acta Mycologica (1983) 19 (2) 323-330 
[PI, en, 14 ref., 4 tab.] 

1732 BISWAS, A. C.; TAHER, M. A.; ASADUZZAMAN, M.; 
SULTANA, K.; ESHAQUE, A. K. M. Loss of yield and qualtiy of 
jute fibre due to prevalence of stem rot. Bangladesh Journal of 
Plant Pathology (1985) I (I) 61-62 [En, 4 ref., 2 tab.] Ban
gladesh Jute Res. Inst., Dhaka, Bangladesh. 

The effects of Macrophomina phaseolina on fibre yield and 
chemical composition of fibre from infected plants are 
tabulated. 

1733 POMETTO, A. L., lll; CRAWFORD, D. L. Effects of pH 
on lignin and cellulose degradation by Streptomyces 
viridosporus. Applied and Environmental Microbiology ( 1986) 
52 (2) 246-250 [En, 21 ref., 2 fig., 5 tab.] Dep. Bact. Biochem., 
Idaho Agric. Exp. Sta., Univ. Idaho, Moscow,ID 83843, USA. 

Lignocellulose degradation by S. viridosporus results in 
the oxidative depolymerization of lignin and the production of a 
water-soluble lignin polymer, acid-precipitable polymeric lignin 
(APPL). The effects of the culture pH on lignin and cellulose 
metabolism and APPL production by S. viridosporus are 
reported. Dry, ground, hot-water-extracted maize lignocellulose 
was autoclavcd in I litre reagent bottles (5 g per bottle) and 
inoculated with 50-ml volumes of S. viridosporus cells sus
pended in buffers of specific pH (pH 6.0 to 9.2 at 0.4 pH unit 
mtervals). Four replicates of inoculated cultures and of uni
noculated controls at each pH were incubated as solid-state 
fermentations at 37°C. After 6 weeks of incubation the percent 
loss of lignocellulose, lignin, and carbohydrate and the amount 
of APPL produced were determined for each replicate. Optimal 
lignocellulose degradation, as shown by substrate weight loss, 
was observed in the pH range of 8.4 to 8.8. Only minor differ
ences were seen in the Klasen lignin, carbohydrate, protein, and 
ash contents of the APPLS produced by cultures at each pH. 
The effects of pH on the degradation of a spruce (Picea 

347 

pungens) [14C-lignin]lignocellulose and a Douglas fir (Pseudot
suga menziesii) [14C-glucan]-lignocellulose were also deter
mined at pH values between 6.5 and 9.5 (0.5 pH unit intervals). 
The incubations were carried out for 3 weeks at 37°C with 
bubbler-tube cultures. The percentage of initial 14C recovered as 
14C02, 

14C-labelled water-soluble products, and [14C]APPL 
was then determined. The mineralization of lignin and cellulose 
to C02 was optimal at pHs 6.5 and 7.0, respectively. However, 
the opt. for li~nin and cellulose solubilization was pH 8.5, which 
correlated w!lh the pH 8.5 optimum for APPL production. 
Overall, the data show that, whereas lignin mineralization is 
opt. at neutral to slightly acidic pHs, lignocellulose degradation 
with lignin solubilization and APPL production is promoted by 
alkaline pHs. These findin~s indicate that lignin-solubilizing 
actinomycetes may play an tmportant role in the metabolism of 
lignin in neutral to alkaline soils in which ligninolytic fungi are 
not highly competitive. 

Lignin 

See also abst. 1841 

1734 FAISON, B. D.; KIRK, T. K.; FARRELL, R. L. Role of 
\'eratryl alcohol in regulating ligninase activity in Phanerochaete 
chrysosporium. Applied and Environmental Microbiology 
(1986) 52 (2) 251-254 [En,I9 ref., 3 fig., I tab.] For. Products 
Lab., For. Service, Dep. Agric., Madison, WI 53705, USA. 

Ligninase activity in Phanerochaete chrysosporium is 
stimulated by incubating cultures with various substrates for the 
enzyme, including veratryl (3,4-dimethoxybenzyl) alcohol, 
which is a secondary metabolite of this fungus. This study was 
designed to provide insight into the mechanism involved in this 
stimulation. Ligninase activity increased 2 to 4 h after the addi
tion of exogenous veratryl alcohol to ligninolytic cultures. This 
increase was prevented by inhibitors of protein synthesis. Analy
sis of the extracellular proteins by high-performance anion
exchange liquid chromatography revealed increases in the 
amounts of some, but not all, ligninase species. The normal 
rapid decrease in ligninase activity in aging cultures was not 
prevented or retarded by veratryl alcohol, indicating that vera
tryl alcohol does not increase ligninase activity by rrotccting 
extant enzyme. It was concluded that veratryl alcoho probably 
functions via an induction type of mechanism, affecting certain 
ligninase species. Results with an isolated lignin indicate that 
lignin (or its biodegradation products) functions in the same 
way that veratryl alcohol does. 

Cellulose 

See also absts. 1845-1846 

1735 SEMICHAEVSKII, V. D. [Adsorption of cellulase from 
the wood·destroying fungus Corio/us versicolor (Fr.) Quei. on 
lignocellulose materials.] Khimiya Drevesiny (1986) No.2, 101-
104, 128 [Ru, en, 17 ref. Bl] Kholodnyi Inst. Bot. Ukr. Acad. 
Sci., Kiev, Ukrainian SSR. 

Adsorption on cellulose is known to increase the stability of 
cellulases. Cellulase prepared from C. versicolor was adsorbed 
on columns of aspen [Populus tremula] sawdust or hydrolysis 
lignin at pH 4.1. The columns retained both the enzyme and its 
capacity to hydrolyse soluble cellulose (Na carboxymethylcel
lulose) to reducing sugars during elution for 32 h. In addition, 
the aspen-adsorbed cellulase showed a remarkably large tempo
rary increase in hydrolytic activity during the 5-20-h time inter
val, while the lignin-adsorbed cellulase showed a much smaller 
increase. No significant hydrolysis of the insoluble cellulose of 
aspen occurred under the ex penmen tal conditions; such hydrol
ySis was observed only after static incubation for 24 h. The 
reason for the temporary activation/deactivation is unknown. 
Results suggest that adsorption of extracellular cellulases may 
play a role in natural wood decay. 

1736 BAYER, E. A.; LAMED, R. Ultrastructure of the cell 
surface cellulosome of Clostridium thermoce/lum and its inter
action with cellulose. Journal of Bacteriology (1986) 167 (3) 
828-836 [En, 29 ref., 10 fig.] Dep. Biophysics, The Weizmann 
Inst. Sci., Rehovot, Israel. 

The ultrastructural distribution of the cellulosome (a cellu
lose-binding, multicellulase-containing protein complex) on the 
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cell surface of C. lhermocellum YS was examined by 
cytochemical techniques and immunoelectron microscopy. 
When cells of the bacterium were grown on cellobiose, cel
lulosome complexes were compacted into quiescent exocellular 
protuberant structures. However, when the same cells were 
grown on cellulose, these polycellulosomal organelles underwent 
extensive structural transformation; after attachment to the 
insoluble substrate, the protuberances protracted rapidly to 
form fibrous "contact corridors". The contact zones mediated 
physically between the cellulosome (which was intimately 
attached to the cellulose matrix) and the bacterial cell surface 
(which was otherwise detached from its substrate). In addition, 
cell-free cellulosome clusters coated the surface of the cellulose 
substrate. The cellulose-bound cellulosome clusters appear to be 
the site of active cellulolysis, the products of which are conveyed 
subsequently to the cell surface via the exocellular contact 
zones. 

TIMBER 

See also abst. 1914 

1737 MURIRA, K. K. Wood deterioration and its prevention 
with special emphasis on Tanzania. Moshi, Tanzania; Timber 
Utilisation Research Centre, Forestry Research Institute 
(1984) 40 pp. [En, 23 ref. TUR/84/4. X] For. Res. lust., PO 
Box I 0, Moshi, Tanzania. 

A paper presented at a symposium on use of local timber 
for building, held in Arusha, Tanzania, 5-7 Nov. 1984. The 
major causes of wood deterioration are identified and inexpen
sive methods of wood preservation suitable for rural construc
tion work are presented. 

1738 MURIRA, K. K. Natural durability tests of Tanzanian 
timbers (1955-1982). Moshi, Tanzania; Timber Utilisation 
Research Centre, Forestry Research Institute (1984) 15 pp. 
[En, 3 ref. TUR/84/7. X] For. Res. Inst., PO Box 10, Moshi, 
Tanzania. 

Results are presented of field tests on 116 species in 5 
natural durability classes. The rate of deterioration was 11/ 2 
times faster in inland areas than in coastal areas. Subterranean 
termites contributed to 90% of all timber failures. 

Bacterial attack 

1739 SINGH, A. P.; BUTCHER, J. A. Degradation of CCA
treated Pinus radiata posts by erosion bacteria. Journal of the 
Institute of Wood Science (1985) 10 (4) 140-144 [En, 21 ref., 2 
pl.] NZ For. Serv., FRI. Private Bag, Rotorua, New Zealand. 

Samples were taken from suspected zones of decay in posts 
that had been in service in New Zealand for 7 yr, and examined 
by light and electron microscopy. Bacterial attack, primarily of 
the S2 layer, had resulted in the formation of conical erosion 
troughs. The erosion troughs were filled with a diffuse residual 
wall material within which cavities had developed through the 
action of bacteria. Progressive loss of the residual wall material 
had resulted in adjoining cavities coalescing to form erosion 
troughs that had eventually become empty of all residual wall 
material. 

1740 NILSSON, T.; HOLT, D. Bacterial attack occurring in 
the S2 layer of wood fibres. Uppsatser. Institution for Virkes
lara. Sveriges Lantbruksuniversitet (1983) No. 134, 2pp. ISBN 
91-576-1791-0 [En, 6 ref. Also in Holzforschung 37 (2) 107-
108.] Dep. For. Prod., Swedish Univ. Agric. 
Sci., 750 07 Uppsala, Sweden. 

Terrestrial fungal attack 

See also absts. 1777, 1842-1843. 1850. 1913. 1948 

1741 VIDELOV, KH.; MIRCHEV, S.; LAMBREV, E. [Rot of 
beech wood.] Gorsko Stopanstvo Gorska Promishlenost (1985) 
41 (5) 24-27 [Bg, 4 ref., 2 pl.] VLTI, Bulgaria. 

A list is given of 23 species of fungi found causing decay of 
growing beech tree stumps, stacked logs, and wood in various 
forms of use (buildings, mines, agriculture, etc.) in Bulgaria. 

International Biodeterioralion 1986 Vol. 22 No.4 

For each S{lecies information is tabulated on the form of the 
fruit body, ItS season of appearance, spore size and colour, type 
of rot, and the other woody species on which it occurs. 

1742 MITRA, A.; DUTTA, S.; ANJALI ROY New records of 
two wood-rotting fungi from India. Indian Forester ( 1985) Ill 
(2) 78-81 [En, 2 ref.j Visva-Bharati Univ., Santiniketan, West 
Bengal, India. 

Two wood-rotting fungi, hitherto unrecorded from India 
were collected in West Bengal in 1982-83 viz. Trametes trogii 
and lrpex /acteus. 

1743 RITTER, G. [Notes on forest mycological nomencla
ture.] Bemerkungen zur forstmykologischen Nomenklatur. Bei
tra!J.efiir die Forstwirtschaft (1985) 19 (4) 178-182 [De, 16 
ref.J Inst. Forstwissenschaften Eberswalde, German Demo
cratic Republic. 

A list is presented of the currently accepted botanical 
names (with authorities) for important or common basidiomy
cetes attacking trees or timber in E. Germany. Synonyms, incor
rectly used names, and German common names are also given. 

1744 GREENWOOD, B. F. DE; TAINTER, F. H. Com~arative 
decay resistance of Paraguayan woods. Turri alba (1980) 30 (2) 
137-139 [En, es, I ref.] Nat. For. Serv. Paraguay, Asuncion, 
Paraguay. 

Wood samples of 16 native species were collected in eastern 
Paraguay. They were evaluated for decay-resistance using agar
block and soil-block tests against Gloeophyllum trabeum. Cori
o/ us versicolor and Poria placenta. Thtrteen species was found 
to be highly resistant (av. wt.losses 3.5%) two resistant (wt.loss 
11.1 and 13.8%) and one not resistant (wt. loss 45.6%). The 
highly resistant species are abundant in natural forest of Para
guay and represent a valuable reserve. 

1745 GIBSON, D. G.; KRAHMER, R. L.; DEGRooT, R. C. 
Early detection of brown rot decay in Douglas-fir and southern 
yellow pine by infrared spectrophotometry. Wood and Fiber 
Science (1985) 17 (4) 522-528 [En, II ref.] Coli. For., Oregon 
State Univ., Corvallis, OR 97331, USA. 

Samples of Douglas fir heartwood and southern yellow pine 
sapwood were incubated with several brown rot fungi and 
examined for decomposition as shown by wt. losses (to 10%). 
Warm-water extracts from the samples were analysed by IR 
spectrophotometry. An absorption peak at 1720 cm-1 appeared 
in lR spectra of decayed specimens but was not present in 
nondecayed specimens. As wt. loss increased, the ratio of the 
absorbance at 1720 cm-1 to the absorbance at 1630 cm- 1 

increased. The ratio correlated with days of incubation and 
MOR. 

1746 HIGHLEY, T. L.; MURMANIS, L.; PALMER, J. G. 
Micromorphology of degradation in western hemlock and sweet
gum by the brown-rot fungus Poria placenta. Holzforschung 
(1985) 39 (2) 73-78 [En, de, 17 ref.] FPL, USDA For. Serv., 
Madison, WI 53705, USA. 

Sawdust of western hemlock and sweetgum was degraded 
by P. placenta and examined by TEM. Attack was predomi
nantly initiated by hyphae growing in the cell lumen rather than 
by penetration. Hyphae were often attached to the wood cell 
wall by hypha! sheaths. The S2 layer was intensely degraded 
while the S3 layer remained relatively unattacked when attack 
was initiated from hyphae in the lumen. Occasionally intense 
degradation in localized areas of the middle lamella and cell 
corners occurred without noticeable degradation of the sur
rounding secondary wall. Degradation by penetrating hyphae 
dilferred from that of nonpenetrating hyphae in that degrada
tion was localized to the immediate vicinity of the hyphae. 
Evidence that P. placenta produces lignin-degrading agents was 
demonstrated by the destruction of the lignin lamellar structure, 
which was revealed by KMn04 fixation. 

1747 OSUSKY, A.; BARISKA, M. [Cbanges in tbe chemical 
composition of beech V<Pod after decomposition by Trametes 
[Coriolus] versicolor.] Anderung der chemischen Zusammen
setzung des durch Trameles versicolor (L. ex. Fr.) Pilat 
abgebauten Rotbuchenholzes. In Xylorama. Trends in wood 
research {edited by Kucera. L.J./. Basel, Switzerland; 
Birkhiiuser Verlag (1985) 139-145 ISBN 3-7643-1709-4 [De, 
en, 16 ref.] Holzkunde und Holztech., Inst. ftir Wald- und 
Holzforschung, ETH-Honggerberg, 8093 ZUrich, Switzerland. 



1748 NOGUCHI, M.; NISHIMOTO, K.; IMAMURA, Y.; FUJII, Y.; 
OKUMURA, S.; MIYAUCHI, T. Detection of very early stages of 
decay in western hemlock wood using acoustic emissions. Forest 
Products Journal (1986) 36 (4} 35-36 [En, 6 ref.] Dep. Wood 
Sci. & Techno!., Kyoto Univ., Kyoto, Japan. 

Specimens of western hemlock were exposed to the brown 
rot fungus Tyromyces [Polyporus} palustrls for 3-8 wk. Speci
mens were loaded to failure in bending; the load at failure was 
considered to be the peak value just prior to a sudden decrease in 
load with increasing deftection.Flaw growth or failure within 
specimens releases energy in the form of acoustic emissions 
(AEs). AEs were detected and cumulative AE counts were plot
ted as a function of percentage of the failure load. Decayed 
specimens began to emit AEs between loads of 4 and 32% of the 
failure load. Sound specimens (with one exception) did not emit 
AE signals until 50% of the failure load was reached. The 
technique appears to be valuable for detecting early decay but 
may be impractical for use for field testing permanent wooden 
structures. 

1749 LECLERCQ, A. [Chang~s with time in the resistance of 
treated particleboards to rot.] Evolution dans le temps de Ia 
resistance a Ia pourriture de panneaux de particules traitCs. 
Bulletin des Recherches Agronomiques de Gembloux ( 1984) 19 
(3/4) 123-13.7 [Fr, en, 7 ref. EMB] Sta. Tech. For., Cent. Rech. 
Agron. de I'Etat, Ave. Marechal Juin, 23. B-5800, Gembloux, 
Belgium. 

Four commercial fungicides, derived from fluorine, carbo· 
furane [furcarbanil) and benzothiazole, were incorporated into 
the boards with a UF adhesive with melamine modifier at 4 
concentrations of active ingredient. Mean dry wt. loss of the 
boards was measured after exposure to Coniophora puteana, 
Poria placenta or Coria/us versicolor for 16 wk immediately 
following manufacture. after storage for 1 yr. and after an 
accelerated aging test followed by storage for I yr. Results 
showed significant differences in wt. loss between boards treated 
with the same fungicide exposed to the different fungi. In gen
eral, the fungicides were ineffective against C. versicolor but 
reasonably effective (at different concentrations for each fungi
cide) against C. puteana and P. placenta. There were also sig
nificant differences between treatments; wt. loss after 
accelerated aging and, to a lesser extent, after storage was 
greater than wt. loss assessed immediately after manufacture. It 
is emphasized that it is important to select carefully the species 
of fungi for tests on particleboard preservatives and to include 
storage and aging tests. 

1750 COOKSON, L. J.; GREAVES, H. Comparative bioassays 
of two bigh temperature- and two low temperature-derived cre
osotes. Holzforschung (1986) 40 (1) 59·64 [En, de, 18 ref.] 
Div. Chern. & Wood Techno!., CSIRO, Highett. Vic. 3190, 
Australia. 

High temp. creosote (HTC) conforming to Australian 
Standard AS 1143-1973, pigmented emulsified coloured creo
sote (PECC-18), and 21ow temp. vertical retort creosotes, K55 
(AS K55-1965) and Australian Char creosote (ACC) were 
tested against Lentinus lepideus, Pycnoporus coccineus, and 
Perenniporia tephropora, using impregnated sapwood blocks of 
Eucalyptus obliqua in a standard soil jar bioassay. In addition, 
leachates from the preservative-treated blocks were assessed for 
their inhibiting effects on mycelial growth, by a filter paper-agar 
technique.The results indicate that HTC and PECC-18 have 
similar toxicities, and that both of these creosotes are more 
effective than the two low" temp. creosotes. Fungitoxic compo· 
nents were readily leached from ACC, while K55 and HTC 
were more resistant to artificial weathering. PECC-18 is the 
most resistant of the 4 creosotes to loss of toxicity during 
leaching. 

1751 WILKES, J. Host attributes affecting patterns of decay 
in a regrowth eucalypt forest. IV.The responses of sapwood to 
injury. Holzforschung (1985) 39 (6) 321-326 [En, de, 36 ref.] 
Dep. For., Australian Nat. Univ., GPO Box 4, Canberra, ACT 
260 I, Australia. 

Six months after holes ( 16 
mm diam.) were drilled into stems of Eucalyptus bancroftii, E. 
dealbata, E. macrorhyncha and E. sideroxylon, wood proper
ties of discoloured sapwood above and below the wounds were 
compared with those of clear tissues. During discoloration, as 
parenchyma cells died and became devoid of starch and fats, 
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most wood properties either altered little (tissue pH, the propor
tion of hot water-soluble extractives constituted by phenols, and 
concn. of K), or varied in ways not obviously indicative of a 
protective response by the host (m.c. and amounts of extractives 
often decreased). However, the resistance to decay in vitro by 
Trametes li/acino-gi/va was greater in discoloured than in clear 
sapwood, and in 'clear' tissues adjoining the discoloured regions, 
tyloses were abundant and the contentofpolyphenols was high. 
Possibly the tyloses and certain broad spectrum phenolic antibi· 
otics were agents of the highly effective compartmentalization 
of the columns of deterioration, which extended only 2-5 em 
from the holes. The compartmentalization was not influenced 
appreciably by tree vigour or wood anatomy. 

1752 EsLYN, W. E. Utility pole decay. Part 4: Growth
temperature relations and decay capabilities of eleven major util
ity pole decay fungi. Holzforschung (1986) 40 (2) 69-77 [En, 
de, 28 ref.] FPL, USDA For. Serv., Madison, WI 53705, USA. 

Temp.-growth rate studies were conducted on malt extract 
agar at 5, 10, 15, 20, 25, 27. 30, 35 and 40°C using 5 to 10 
isolates of each fungus studied. Decay testing was by the soil
block method, according to the American Society for Testing 
and Materials, using southern pine. Douglas fir, and western 
redcedar (Thuja plicata) blocks and 5 to 20 isolates of each 
fungus studied. Decay tests were conducted at 27°C, except for 
those involving Gloeophyllum trabeum, G. saepiarium, and 
Phlebia brevispora, which were tested at both 27 and 33°C. 
Growth rates on malt agar varied widely between and within 
species. P. brevispora had the fastest rate of growth while Poria 
'A' (not yet identified to species) and P. carbonico had the 
slowest. Optimum temp. for growth of the fungi tested were 
fairly evenly distributed into 3 groups,- 26, 28, and 33-35°C. 
The highest av. wt.loss in pine due to decay was 56% caused by 
Paris placenta and G.trabeum, while the highest in Douglas fir 
were 40 and 47% caused by Poria xantha and P. placenta, 
respectively. Highest av. wt. loss in western redcedar was only 
7% reflecting the high decay resistance of this wood. Decay rate 
was higher at 33 than at 27"C with all 3 fungi tested at both 
temperatures. A positive relationship is believed to exist with 
most wood-decay fungi between opt. temp. for growth and 
decay capacity. The competitive advantage of rapid growth and 
decay rates is discussed. 

1753 WILKES, J. Host attributes affecting patterns of decay 
in a regrowth eucalypt forest. VI.Included sapwood. Holzfor
schung (1986) 40 (2) 79-83 [En, de, 27 ref.] Dep. For., Austra
lian Nat. Univ., GPO Box 4, Canberra, ACT 2601, Australia. 

In Eucalyptus 
macrorhyncha, kino veins, produced at the cambium in response 
to injury, often disrupt the developmental processes of heart
wood such that the bulk of sapwood internal to the vein at the 
time of formation of this barrier zone retains its light colour 
after inclusion in heartwood. In five stems which contained a 
distinct region of this 'included sapwood' in the middle heart
wood, susceptibility to decay in vitro by Trametes lilacino-gilva 
and certain other wood properties of probable relevance to 
microbial deterioration were assessed for included sapwood, 
comparable heartwood and normal sapwood. While included 
sapwood was somewhat less susceptible to decay in vitro than 
normal sapwood, it decayed rapidly in comparison with heart
wood. This low natural decay resistance, which was ascribecl to 
a reduced occurrence of fungitoxic phenolic extractives, pre
sumably accounts for the rapid degradation of the pseudo-sap
wood in vivo. Evidence is presented to suggest that kino veins 
obstruct the centripetal translocation of carbohydrate precur
sors to heartwood phenols. 

1754 THORNTON, J. D.; WAZNY, J. Comparative suscepti
bility of sapwood blocks of Pinus sylvestris and Pinus radiata to 
decay by Serpula lacrymans. Holz(orschung ( 1986) 40 (2) 129-
130 [En, 6 ref.] Div. Chern. & Wood Techno!., CSIRO, Mel
bourne, Vic., Australia. 

Two strains of S. lacrymans, of German and Australian 
origin, were used to inoculate blocks of fast-grown P. radiata 
and slow-grown P. sylvestris. Results are presented showing% 
mean wt. losses of the 2 pine species for both fungal strains. 
Generally there was n.s.d. between the 2 timber species for 
either fungal strain. 
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1755 

Abstract to appear later 

1756 OTJEN, L.; BLANCHETTE, R. A. A discussion of 
microstructural changes in wood during decomposition by white 
rot basidiomycetes. Canadian Journal of Botany ( 1986) 64 (5) 
905-911 [En, fr, 25 ref., 5 fig.] Dep. Pl. Path., Univ. Minnesota, 
St. Paul, MN 55108, USA. 

The classical concepts of wood decay are reviewed. White 
rot fungi cause different types of cell wall decomposition. At 
least 2 micromorphologically distinct types of cell wall attack 
have been found. Many factors can affect the type of macro
scopic and microscopic decay patterns caused by white rot 
basidiom:ycetes. Host cell type and nutrients, as well as genetic 
and physiOlogic differences among these fungi, may influence 
the resulting decay. 

1757 HUDSON, H. J. Fungi as decomposers of wood. In 
Fungal Biology. London, United Kingdom; Edward Arnold 
(Publishers) Ltd. (1986) 84-109 [En, 6 fig.] Dep. Bot., Univ. 
Cambridge, Cambridge, UK. 

This chapt. deals with the structure and components of 
wood; types of wood decay (white, brown and soft rots); lignin 
degradation; natural resistance of wood to fungal decay; other 
wood-inhabiting fungi; environmental factors and the decompo
sition of wood; habitat relations and specificity of wood-inhab
iting fungi; ecological studies on decaying wood; the role of 
animals in degradation; wood decay and the cycling of mineral 
nutrients; and decomposition of lignin and humus in the soil. 

1758 GEIGER, J.·P.; RIO, B.; NICOLE, M.; NANDRIS, D. 
Biodegradation of Hevea brasiliensis wood by Rigidoporus 
lignosus and Phellinus noxius. European Journal of Forest 
Pathology (1986) 16 (3) 147-159 [En, fr, de, 33 ref., 6 fig., I 
tab.] ORSTOM, Cent. Adiopodoume, Abidjan, Ivory Coast. 

The 2 fungi degraded the lignin fraction of rubber tree 
wood slats in vitro, indicating them both to be white rot agents. 
In contrast, Antrodia sp. was classified as a brown rot agent 
since it did not depolymerizc the lignin fraction. Lignin assays 
showed the tendency of R. lignosus to degrade the lignin frac
tion preferentially. while P. noxious preferentially degraded the 
polysaccharide fraction. Both fung1 also caused considerable 
changes in the residual lignin by modifying its monomer compo
sition. Addition of malt extract had only a slight effect on the 
rate of wood degradation by R. lignosus, but greatly increased 
that by P. noxius. In vivo, there was a 25-30% increase in the 
lignin content of partially invaded tap root tissues at the R. 
lignosus infection front, compared with healthy tissues. Such a 
host reaction was much less evident in P. noxius invasion. Both 
fungi produced changes in the lignin monomer composition in 
tissues colonized for the longest times, comparable with those 
observed in vitro. 

1759 HALE, M.D.; EATON, R. A. Soft rot cavity formation 
in five preservative-treated hardwood species. Transactions of 
the British Mycological Society (1986) 86 (4) 585-590 [En, 16 
ref., 2 fig., 3 tab.] Dep. Bioi. Sci., Portsmouth Polytechnic, 
Portsmouth, Hants POI 2DY, UK. 

The effects of a copper-chrome-arsenic wood preservative 
on rates of soft rot cavity formation by Lecythophora mutabilis 
were investigated in untreated and preservative-treated hard
woods, including Betula pendula, Alstonia scholaris, Albizzia 
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fa/cataria, Eucalyptus deglupta and Gmelina arborea. Rates of 
fine hyphal extension and cavity elaboration varied between the 
unpreserved wood spp. tested. In some wood spp. the inhibitory 
effect of preservative on hyphal growth was pronounced and is 
discussed in relation to preservative distribution within the wood 
cell wall. 

1760 ADASKAVEG, J. E.; GILBERTSO!'I, R. L. In •itro decay 
studies of selective delignification and simultaneous decay by the 
white rot fungi Ganoderma lucidum and G. tsugae. Canadian 
Journal of Botany ( 1986) 64 (8) 1611-1619 [En, 31 ref., 3 fig., 2 
tab.] Dep. Pl. Path., Univ. Arizona, Tucson, AZ 85721, USA. 

In studies with wood of grapevine, Quercus hypo/eucoides, 
Prosopis velutina, Abies conco/or and Pseudotsuga menziesii, 
grapevine wood lost the most weight and P. velutina the least. G. 
lucidum isolates generally caused greater loss of all woods than 
did G. tsugae isolates. The range of the percent wt losses varied 
with the wood. Both G. spp. caused simultaneous decay in all 
woods. However, chemical analyses of the decayed blocks indi
cated that selective delignification by both spp. also occurred in 
grapevine and A. conco/or blocks. Chemical analysis of the 
decayed oak blocks indicated the percentages of lignin and 
holocellulose were not statistically different from the controls 
but there was a trend towards delignification. The analyses of 
the P. menziesii blocks indicated only simultaneous decay. SEM 
demonstrated selective delignification and simultaneous decay 
of all woods tested though the extent of the delignification dif
fered among the wood spp. Delignification appeared mainly in 
areas of tracheids or fibre tracheids, while the rays were simul
taneously decayed. 

1761 BLANCHETTE, R. A.; REID, I. D. Ultrastructural 
aspects of wood delignification by Phlebia (Merulius) treme/
/osus. Applied and Environmental Microbiology (1986) 52 (2) 
239-245 [En, 38 ref., 3 fig., 2 tab.] Dep. Pl. Path., Univ. Minne
sota, St. Paul, MN 55108, USA. 

Wood from aspen (Populus tremuloides) and birch 
(Betula papyrifera) that had been decayed for 12 wk by P. 
tremellosus had 30 and 31% av. wt loss, respectively, and 70% 
av. lignin loss. Av. digestibility increased from 21 and 13% for 
sound to 54 and 51% for decayed aspen and birch. Individual 
wood sugar analyses of decayed birch blocks indicated an av. 
loss of 10% glucose, 45% xylose, and 19% mannose. 
Micromorphological studies demonstrated the removal of mid
dle lamellae and separation of cells. Vessels also separated at 
perforation plates. Electron microscopy with Os04-

glutaraldehyde-fixed and KMn04-fixed wood showed that lig
nin was progressively removed first from the secondary cell wall 
layers, beginning at the lumen surface, and later from the com
pound middle lamella. Extensive degradation of lignin was 
found throughout the secondary wall and middle lamella region 
between cells. In cells with advanced decay, the middle lamella 
between cells was completely degraded, but cell corner regions 
remained. 

1762 SCHEFFER, T. C. 0 1 requirements for growth and sur
vival of wood·decaying and sapwood-staining fungi. Canadian 
Journal of Botany (1986) 64 (9) 1957-1963 [En, fr, 19 ref.] 
Dep. For. Products, Coli. For., Oregon State Univ., Corvallis, 
OR 97331, USA. 

Tests were conducted on the 0 2 requirements for growth 
and survival of 48 wood-destroying basidiomycetes and 6 sap
wood-staining fungi and to determine whether spp. invading 
heartwood of living trees (heartrotters) are more tolerant of 0 2 
deficiencies than those that attack better·aerated wood (product 
ratters). Growth of cultures exposed to flowing mixtures of 0 2 
and N 2 was moderately retarded by an 0 2 pressure of c. 11 mm 
(I mm Hg = 133.322 Pa) and was severely retarded by a 
pressure near 2 mm. None of the fungi grew with 1.5 mm 0 2• 

Comparable minimal 0 2 pressures for growth were found by 
growing the fungi in a closed chamber (with an attached 
manometer) containing NaOH to absorb C02, then regularly 
measuring growth and internal 0 2 pressure. Fungi grown in a 
closed chamber consumed all of the available 0 2• Length of 
survival of spp. grown in sealed test tubes differed markedly, 
from < I wk to > 2 yr. The spp. surviving longest included 
more hcartrotters than product ratters. 



Insect attack 

See also absts. 1738. 1899. 1903 

1763 MILLIGAN, R. H. Sto/otermes ruficeps Brauer, 
Stolotermes inopinus Gay (Isoptera: Termopsidae). New Zea
land wetwood termites. Forest and Timber Insects in New 
Zealand (1984, reed. 1986) No. 60,4 pp. [En, 5 ref., 4 col. fig.] 

Notes are provided on the recognition, distribution, injuri
ousness and biology of Stolotermes ruficeps and S. inopinus in 
New Zealand in dead and decaying standing trees, logs and 
stumps. S. ruficeps has occasionally been recorded attacking 
timber in use under damp conditions, and S. inopinus is likely to 
be of similar slight economic importance. 

1764 SANDLANT, G. R. Coptotermes acinaciformis (Frog
gall), Coptotermesfrenchi Hill (lsoplera: Rhinotermitidae). Aus
tralian subterranean termites in New Zealand. Forest and 
Timber Insects in New Zealand (1985) No. 62,8 pp. [En, 7 ref., 
8 fig. (5 col.)] 

Notes are provided on the recognition, hosts, distribution, 
economic importance. biology and control of Coptotermes 
acinaciformis and C.frenchi in living trees and timbers in Aus
tralia and (mainly in association with Australian imported tim
bers) New Zealand. 

1765 BADAWI, A.; FARAGALLA, A. A.; DABBOUR, A. The 
relative protective effectiveness of some wood preservatives in 
ground contact against subterranean termites. International 
Pest Control (1985) 27 (6) 150-151 [En, 10 ref.] Plant Protec
tion Department, College of Agriculture, King Saud University, 
Riyadh, Saudi Arabia. 

Wooden stakes from tree species introduced to Saudi Ara
bia (European spruce (Picea sp.), beech (Fagus sp.), Swedish 
pine (Pinus sp.), apitong (Dipterocarpus sp.) and African 
mahogany (Khaya sp.)) were treated with preservatives and 
placed upright in soil to test their resistance to attack by ter
mites. The preservatives used were chlordane, aldrin. dieldrin, 
Sumicidin lfenvalerate] and Coopex [permethrin], each in 3 
concentrations, and bitumen and liquid plastics, both undiluted. 
Inspections were made 4, 8 and 12 months after burying. 
Mahogany stakes, whether treated or untreated, showed no 
signs of termite damage at the end of the experimental period. 
Damage rates to apitong and pine were less than to spruce. 
Almost all untreated beech stakes were infested. All chemically
treated stakes of all species escaped damage during the lst 4 
months of the test. Those treated with permethrin, bitumen or 
plastics showed varying degrees of infestation during the last 2 
mspections, but the protective effectiveness of chlordane, aldrin, 
dieldrin and fenvalerate extended to the end of the test period 
even when used at the lowest concentrations. Microcerotermes 
was responsible for the damage to beech, Microtermes for dam
age to spruce and pine and Anacanthotermes for the single 
damaged stake of apitong. 

1766 GNANAHARAN, R.; SUDHEENDRAKUMAR, V. V.; NAIR, 
K. S. S. Protection of cashew wood in storage against insect 
borers. Material und Organismen (1985) 20 (l) 65-74 [En, fr, 
de, 8 ref.] Kerala Forest Res. Inst., Peechi, India. 

The nature and causes of deterioration of cashew wood 
stored outdoors and the effect of some protective treatments 
were studied. Damage was caused primarily by insect borers, 
and fungal damage was negligible. The 3 borer species found 
were the cerambycid Batocera rufomaculata, the scolytid 
Xy/eborus simi/is and the bostrichid Sinoxylon ana/e. B. 
rufomaculata caused the greatest damage, followed by S. ana/e. 
Monthly or fortnightly application of HCH at 0.5% or borax
boric acid (2% boric acid equivalent) to the exposed surfaces of 
the stacks did not give adequate protection against the pests. 
However, debarking the billets before stacking gave satisfactory 
protection against B. rufomaculata and reduced infestation by 
X. simi/is. More frequent prophylactic application of insecticide 
is recommended to reduce the chances of attack by S. ana/e. 

1767 LENZ, M.; DAI, Z.R. On the validity of using suscepti
ble timbers as indicators of termite vigour in laboratory studies 
on the resistance of materials to termites. Material und Organ
ismen (1985) 20 (2) 97-108 [En, fr, de, 28 ref.] CSlRO, Div. 
Entomology, Canberra, Australia. 

Survival, wood consumption and wood consumption rates 
were compared between groups from 5 colonies of Coptotermes 
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Jormosanus from Guangzhou, China, kept on timber of either 
highly susceptible Pinus massoniana or moderately resistant 
Cunninghamia /anceolata. Groups had lowest survival and fed 
least on C. lanceolata. Colonies differed in their activity on a 
given timber as well as in the extent to which survival and wood 
consumption were reduced from P.massoniana to C.lanceolata. 
It was not possible to judge the pattern of performance of a 
given colony on the resistant timber by the performance on the 
susceptible one. Wood consumption rates (in grams of wood per 
gram of termites) were similar for both timber species. The 
differences in the actual amounts of wood eaten between timber 
species and colonies were a reflection of the specific survival 
rates for each colony on each timber. In standard procedures for 
the evaluation of the resistance of materials to termites, the 
vigour of a termite source and hence the validity of the results 
are assessed, if at all, from the survival and wood consumption 
values of control groups kept on a highly susceptible timber 
species. This can give little or no indication of the vigour of a 
termite source under stress (exposed to test materials). The use 
of different reference materials with a predetermined set of 
acceptable threshold values for survival and feeding is 
recommended. 

1768 PRATAP SINGH Insect factor in wood decay and its 
control. ln Proceedings oft he "Workshop on wood protection' 
organised by the Timber Development Association of India, 
New Forest, Dehra Dun, 20.1. 83. Journal of the Timber 
Development Association of India (1983) 29 (2) 19-29 [En, 10 
ref.] F.R.I., Dehra Dun, India. 

A brief survey is made of the succession of insects in logs 
and of the protection from infestation of logs, furniture, ply
wood, construction timbers and buildings. 

1769 BXR, M.; KERNER, G.; KOHLER, W.; UNGER, W. 
[Control of wood-destroying insects using ionizing radiation.] 
Die Bek1impfung holzzerstOrender Insekten mit ionisierender 
Strahlung. Neue Museumskunde (1983) 26 (3) 208-215 [De] 
From Beitrogefiir die Forstwirtschaft 19, 189. 

A heavy infestation of Anobium punctatum in the floors, 
walls, and furniture of a section of the State Palace at Potsdam
Sanssouci (E. Germany) was treated using 137Cs-emittcd radia
tion applied using portable irradiation equipment. Complete 
control was obtained with a lethal dose of >3 kGy. 

1770 DOMINIK, J.; SHUTOV, G. M. Investigations on the 
resistance of modified wood against the activity of termites. 
Annals of Warsaw Agricultural University- SGGW-AR, For
estry and Wood Technology (1984) No. 32,3-6 [En, pl, 2 ref.] 
Dep. For. Protection & Ecol., Warsaw Agric. Univ., SGGW
AR, Poland. 

Wood samples (50X50Xl0 mm) of pine and birch were 
impregnated with furfural-acetone or phenol resins + fireproof
ing compounds. The modified wood was used in forced feeding 
tests with Ka/otermes jlavicollis and free-choice tests with 
Reticulitermes lucifugus and R. lucifugus santonensis [R. 
santonensis]. Results are tabulated and show that modified 
wood was almost entirely resistant to termites. Furfural-acetone 
caused 100% mortality and phenol resins + fireproofing com
pounds caused 50-l 00% mortality of K. jlavico/lis. 

1771 AHMAD SAID, S.; MOHO. HAMAMI, s. (HAMAMI, M.S.) 
Responses to wood and wood extractives of Neoba/anocarpus 
heimii and Shorea ova/is by the drywood termite, Cryptotermes 
cynocephalus (lsoptera: Kalotermitidae). Pertanika (1983) 6 
(3) 28-31 [En, my, 13 ref.] Fac. For., Univ. Pertanian Malaysia, 
Serdang, Malaya. 

In laboratory tests with pseudergates of C. cynocephalus 
from an infested house in Peninsular Malaysia, termite survival 
and wood consumption were significantly lower on wood blocks 
of the durable timber N. heimii than on the moderately durable 
(and less hard) S. ova/is. Extractives of N. heimii reduced 
feeding and survival on filter paper significantly more than those 
of S. ova/is. 

1772 ROMANN, J. [Use of lime for protection against 
Xyloterus lineatus.] Kalk schtitzt gegen Nutzholzborkenkafer. 
Holz-Zentra/b/att (1986) 112 (47) 661-662 [De, 2 ref.] 

In March-May 1985, slurries ofCa(OH), (l part: 3 parts 
H20) or CaO ( l : 3. 7) were sprayed on stacks containing a total 
of 2500 m3 of storm-damaged Norway spruce and Scots pine 
logs and smallwood in the Fulda Forest District (Hesse). On av., 
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some 2500 litres (approx. 1 tankload) of slurry were used to 
treat 170 m3 of spruce logs. During a 4-month period after 
treatment. with some 180 mm of precipitation, no attack by X. 
lineatus was observed in either barked or unbarked treated 
timber, whereas untreated controls were attacked. The treat
ment also protected pine timber from attack by B/astop_hagus 
fTomicusf piniperda, and provided temporary protectiOn of 
spruce against Pityogenes cha/cographus and Ips typographus. 
Costs were approx. 3.10 DMfm3 treated, whereas attack by X. 
lineatus can lead to value reductions of 14 DM/m3 or more. 

1773 DEGROOT, R. C.; LAURET, T. H. Durability of preser
vative-treated wood utility poles in Guam. Research Paper, 
Forest Products lAboratory, USDA Forest Service (1986) No. 
FPL 472, i + 17pp. [En, 16 ref.] FPL, USDA For. Serv., 
Madison, WI 53705-2398, USA. 

Pressure-treated transmission poles were inspected to 
determine the efficiency of US preservative standards in Guam. 
Coptotermes formosanus destroyed the heartwood of many 
Douglas fir poles treated with creosote, PCP or CCA. Where 
termites are a hazard, a supplemental soil treatment should be 
used around poles pressure treated with creosote or PCP. Where 
termites are a serious hazard, poles treated with CCA should 
probably not be used. Pressure treatment with ammoniacal cop
per arsenate seemed to have some effect in protecting heartwood 
of Douglas fir from attack by termites, but further studies are 
needed to determine the full potential of that treatment. Early 
attacks by soft-rot fungi and termites were seen on some PCP
treated southern pine poles. 

1774 RUETZE, M.; LIESE, W. A postfumigation test (TIC) 
for oak logs. Holzforschung (1985) 39 (6) 327-330 [En, de, 10 
ref.] lost. f. Holzbiol. u. Holzschutz, Bundesforschungsanst. f. 
Forst· u. Holzwirtschaft, 2050 Hamburg 80, German Federal 
Republic. 

Quercus robur (24-28 em d.b.h.) were felled in Sept. 1983 
(tree 1), Jan. 1984 (tree 2) and May 1984 (tree 3) so that a 
range of different physiological states of the sapwood was repre
sented. Stem sections, 60 em long, were end-sealed and stored 
outdoors at ambient temp. -12 to +28°C. Samples were taken 
at 4-weekly intervals until July 1984 and the viability of paren
chyma cells was determined by soaking the samples in 1% sol. of 
2,3,5-triphenyl-2H-tetrazolium chloride (TIC) for 12-48 h. 
The action of dehydrogenase enzymes in living cells turns the 
colourless TIC red. Stem sections felled in Sept. 1983 were used 
for fumigation experiments with methyl bromide at 2 different 
concentrations. An investigation was also carried out on the 
possible interference with the viability tests by wood-colonizing 
microorganisms, whose presence would also turn TIC red. 
Results showed that sapwood retained its viability long after the 
tree had been felled (37 wk for tree I, 20 wk for tree 2 and 8 wk 
for tree 3). Longevity of the sapwood would therefore exceed the 
length of the commercial export season (Oct.-April). Fumiga
tion with 240 gfm3 methyl bromide resulted in a complete 
killing of all sapwood cells. A concn. of 180 gfm3 was found to 
be insufficient. The TIC-reaction on wood samples containing 
active microorganisms could be clearly distinguished from the 
colour reaction of living parenchyma cells. It was concluded that 
the TIC test was an adequate post-fumigation test for oak logs 
disinfected to prevent the accidental introduction of Ceratocys
tis fagacearum in imports from USA. 

Marine borer attack 

1775 NEW ZEALAND, FOREST RESEARCH INSTITUTE Entomol
ogy and forest health. Report, Forest Research Institute, New 
Zealand (1982, pub!. 1983) 50-52 [En, 1 col. fig.] PO Box 31-
011, Christchurch, New Zealand. 

Studies in New Zealand demonstrated that on steep dry 
sites, irreversible decline of hard beech trees (Nothofagus trun
cata) could be initiated by severe drought and effected by a 
complex of fungi with the leaf-mining weevi_l Neomycta puli
caris. Studies on insect damage to logs dunng water storage 
indicated that such storage for 3 years maintained the logs in a 
very attractive state for native pinhole borers [Platypus}. Seven 
other research projects on forest insect pests are listed. 
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Preservation 

See also absts. 1411-1422, 1737, 1749-1750, 1765, 1772-
1773, 18/4, 1833, 1912, 1948, 2077-2078 

1776 PEYRESAUBLES, R. Report on some research by the 
WEI on incising of refractory timbers as an aid to effective 
preservation. Journal of the Institute of Wood Science (1985) 
10 (4) 170-177 [En, 3 pl.] Western European Institute for 
Wood Preservation, Secretariat, Rue Royale 109, 8~1000, Brus
sels, Belgium. 

Techniques of incising are briefly discussed and results are 
presented of 2 investigations into the effects of incising sawn 
timber on: retention and distribution of CCA and creosote 
applied by vacuum-pressure impregnation, and strength proper· 
ties of treated Norway spruce and Douglas fir. Results showed 
that incising allowed deeper and more even penetration and a 
higher retention of preservatives which resulted in a longer ser
vice life for the impregnated timber. Incising has no effect on 
MOE but MOR may be reduced. The depth of incising should 
be determined according to the cross section of the timber and to 
the max. load to be applied in service. 

1777 MIKHAILOV, A.; [VANOVA, N. [New preservative prep
arations for wood.] Gorsko Stopanstvo Gorska Promish/enost 
(1985) 41 (6) 21-23 [Bgl 

Details are given o( some new and improved Bulgarian 
wood preservatives: Dr.4rvomor A, B, V, G and D; Konscrvirkler 
A B V and G; and lnsektomor A. The results of tests with 
C~ni~phora cerebella fC. puteanaj and TrameteSJ?ini fPhel
linus pini] are presented, and data are gtven on toxiCity, and on 
the way in which the harmfulness of these preservatives to man 
and to the environment has been reduced. 

1778 TEWARI, M. C.; RATHORE, A. K. S. Preliminary stud
ies on the development of wood preservatives from chir pine resin 
and zinc carbonate and zinc acetate. Journal of the Timber 
Development Association of India (1983) 29 (2) 8-11 [En, 6 
ref.] For. Res. lnst., Debra Dun, India. 

Chir resin (fresh or rancid), benzene and (a) zinc carbon
ate (b) basic zinc carbonate, (c) zinc acetate or (d) zinc oxide 
we;e heated together at 78"C for 12-48 h. Incorporation of Zn 
was 7.4% with (a), 6.12% with (b) and 6.71% in (d) after 36 h, 
whereas incorporation with (c) was only 2.7% after 48 h. 
Results for (a) were fairly uniform with fresh or rancid samples. 

1779 KUMAR, S. Wood preservation and its impact on tim
ber conservation. In Proceedings of the 'Workshop on wood 
protection' organised by the Timber Development Association 
of India, New Forest, Debra Dun, 20.1. 83. Journal of the 
Timber Development Association of India (1983) 29 (2) 29-34 
+ 2 pl. [En, 5 ref.] F.R.l., Debra Dun, India. 

The needs, methods and costs of timber preservation in 
India are outlined. 

1780 KUMAR, S.; AGARWAL, S. C. Resistance of wood acet
ylated witb thioacetic acid to wood degrading organisms. Jour
nal of the Timber Development Association of India (1985) 31 
(2) 18-26 [En, 22 ref., 2 pl.] For. Res. lnst. & Col!., Debra Dun, 
UP, India. 

Resistance tests were carried out against the brown rot 
fungus Poria monticola using test specimens of chir, against a 
soft-rot using chir and mango and against the termite Microcer
otermes beesoni using mango. Acetylation with thioacetic acid 
at a weight percent gain (WPG) of 18% gave good resistance to 
the brown rot fungus. At a WPG of at least 8%, fairly good 
resistance to the termite was achieved, but there was no observa
ble resistance to the soft rot at the WPGs used. 

1781 USSR, GossTANDART [New [Soviet] Standards.] Der
evoobrabatyvayushchaya Promysh/ennost' (1984) No. 12, 8 
[Ru, BLL] 

Abstracts of 3 GOST standards for wood products, dated 
1982-83. Two are revised standards dealing with wood preserva
tion: GOST 20 022. 0-82, on parameters of preservation effec
tiveness (including the service life of wood treated with new 
preservatives, and an appendix on treatment methods); and 
20 022.10-83, on diffusion treatments (contraindication of the 
treatment of frozen wood, and simplified methods of control). 
GOST 25 579-83 is a new standard entitled 'Improved 



wood.Method of determining dimensional stability'. [See also 
FPA 8, 664). 

1782 LEVY, J. F. Position paper on wood protection. In 
Proceedings volume 1. Symposium on forest products research 
international - achievements and the future, 22-26 April 
1985, Pretoria, South Africa. South Africa; Council for Scten· 
tific and Industrial Research (1985) Paper No. 4-1, 20 pp. 
ISBN 0-7988-3374-2 [En, 48 ref.) Dep. Pure & Applied Bioi., 
Imperial Coli., London SW7 2BB, UK. 

1783 MCLEAN, M. Wood preservation quality control as an 
aid to marketing. In Proceedings volume 1. Symposium on 
forest products research international- achievements and the 
future, 22-26 April 1985, Pretoria, South Africa. South 
Africa; Council for Scientific and Industrial Research (1985) 
Paper No. 4-2, 8 pp. ISBN 0-7988-3374-2 [En, 5 ref.) Hick
son's Timber Impregnation Co. (NZ) Ltd., PO Box 37-240, 
Auckland, New Zealand. 

A quality assurance programme is described that was 
developed initially to meet the requirement of the New Zealand 
Housing Corporation (for wood products meeting standards set 
by the NZ Timber Preservation Authority) and subsequently 
became a marketing aid for poles and piles treated with 
Tanalith C [CCA). 

1784 WYK, G. VAN Genetic variation in wood preservation 
of fast grown Eucalyptus grand is families. In Proceedings vol
ume I. Symposium on forest products research international
achievements and the future, 22-26 April 1985, Pretoria, South 
Africa. South Africa; Council for Scientific and Industrial 
Research (1985) Paper No. 4-3, 16 pp ISBN 0-7988-3374-2 
[En, 5 ref.] S.A. For. Res. Inst., PO Box 727, Pretoria, South 
Africa. 

Absorption and depth of penetration of creosote were inves
tigated in poles of E. grandis from 2 progeny trials in South 
Africa - an open-pollinated family and a control-pollinated 
family. There was strong genetic vanation for creosote penetra
tion, val. production and wood density. Creosote retention and 
penetration traits were negatively correlated with 
vol.production and density in most families. The families which 
did not exhibit negative correlations between preservation traits 
and val. or density should be the basis for further breeding work. 

1785 HAN, M. Drying and preserving poles in Latin 
America. In Proceedings volume 1. Symposium on forest prod
ucts research international- achievements and the future, 22-
26 April 1985, Pretoria, South Africa. South Africa; Council 
for Scientific and Industrial Research (1985) Paper No. 4-4, 19 
pp. ISBN 0-7988-3374-2 [En, 5 ref.) Osmose International 
Inc., Buffalo, NY, USA. 

1786 CARTER, S. W. The development of pyrethroid insecti
cides and the fungicide Azaconazole for use in wood preservative 
products. In Proceedings volume 1. Symposium on forest prod
ucts research international- achievements and the future, 22-
26 April 1985, Pretoria, South Africa. South Africa; Council 
for Scientific and Industrial Research (1985) Paper No. 4-7, 14 
pp. ISBN 0-7988-3374-2 [En, 21 ret.] Wellcome Res. Lab., 
Ravens Lane, Berkhamsted, Herts. HP4 2DY, UK. 

1787 BROOKS, F. W. Timber frame housing developments in 
the UK and the specification of preservative treatment •. In Pro
ceedings volume 1. Symposium on forest products research 
international - achievements and the future, 22-26 April 
1985, Pretoria, South Africa. South Africa; Council for Scien
tific and Industrial Research (I 985) Paper No. 4-8, 15 pp. 
ISBN 0-7988-3374-2 [En, 4 ref.] Fosroc Ltd., Marlow, Bucks., 
UK. 

1788 SALIBA, N. S. Creosote preservatives. In Proceedings 
volume 1. Symposium on forest products research interna
tional-achievements and the future, 22-26 Apri/1985, Preto
ria, South Africa. South Africa; Council for Scientific and 
Industrial Research (1985) Paper No. 4-9, 12 pp. ISBN 0-7988-
3374-2 [En, 15 ref.) Sasolchem (pty) Ltd., PO Box 62177, 
Marshalltown 2107, South Africa. 

A brief review is ~iven of the use of creosotes in wood 
preservation, with particular reference to their use in South 
Africa. 
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1789 ANDERSON, D. G.; WALDIE, P. Environmental issues: 
messages for the wood preservation industry_ In Proceedings 
volume 1. Symposium on forest products research interna
tional- achievements and the future, 22-26 Aprill985, Preto
ria, South Africa. South Africa; Council for Scientific and 
Industrial Research (1985) Paper No. 4-11, 22 pp. ISBN 0-
7988-3374-2 [En, 8 ref.) Hickson's Timber Products Ltd., 
Castleford, UK. 

Including a 5-page compendium of relevant legislation in 
27 countries and restrictions on chemicals in wood preservatives 
in 15 countries. 

1790 EMEL'YANOVA, L.A.; MASLOVA, L.A.; CHERNYSHEVA, 
N. K. [Effect of preservative pastes based on fluoride wastes on 
the physical and mechanical properties of [Scots) pine wood.] 
Derevoobrabatyvayushchaya Promysh1ennost' (1985) No. I, 7-
9 [Ru, 6 ref. BLL) Kirov Acad. Wood Techno!., Leningrad, 
USSR. 

Fiuoride muds from gas scrubbers at an AI works were 
formulated as pastes and applied to matched specimens of pine 
sapwood under conditions promoting diffusion. Treatment had 
little effect on wood strength properties and density, apart from 
minor differences between formulations, and gave effective pro
tection against Coniophora cerebella [C. puteanaj. 

1791 HEDLEY, M. E. Treatability and durability of radiata 
pine heartwood. Reprint, New Zealand Forest Service (1984) 
No. 1564, 14 pp. [En) For. Res. Inst., Rotorua, New Zealand. 

In treatability trials, radiata pine heartwood and sapwood 
samples were treated with CCA preservative under vacuum 
pressure. Of the 40 heartwood samples, only I 0% had perme
abilities outside the limits which would be accepted as normal 
for a charge of uniform material. A high content of resinous 
extractives was a major cause of impermeability, but wood 
structure was also a factor. In laboratory decay tests, heartwood 
showed low natural durability. However, heartwood blocks 
treated with CCA to retentions equivalent to those in the outer 
13 mm of test stakes suffered no weight losses in laboratory 
decay tests even though some had retentions which would not 
have been expected to prevent decay in similarly treated sap
wood. Field tests confirmed the low average durability of heart
wood. Treatment with CCA significantly increased decay 
resistance. Usually, low permeability is a consequence of high 
extractives content which can also give a natural durability 
higher than mean values. Natural durability can supplement 
low preservative retention to provide resistance to decay. 

1792 CROSS, D. J. Preservative treatments of wood used in 
hives. Reprint, New Zealand Forest Service (1985) No. 1659,6 
pp. fEn, 32 ref. Reprinted from Bee World (1983) 64 (4) 169-
174 Preserv. Sect., For. Res. Inst., Rotorua, New Zealand. 

1793 ROWELL, R. M. Bonding of toxic chemicals to wood. 
Applied Biochemistry and Biotechnology (1984) 9, 447-453 
[En, 8 ref.] FPL, USDA For. Serv., Madison, WI 53705, USA. 

A series of chlorinated phenols, and derivatives of PCP and 
chlorinated benzene were prepared and tested for toxicity to 
G/oeophyllum trabeum in a 12-wcck soil block test with south
ern pine. PCP was the most toxic chemical, preventing attack at 
0.16 lb/ft3

• Acetylation of PCP did not reduce its toxicity, but 
the methyl ether derivative had little observed toxicity. 
Tetrachlorophenol was effective at 0.33lb/ft3

• The other chemi
cals tested had little effect in preventing attack by G. trabeum. 
In further tests, 2,3,5,6-tetrachlorophenyl isocyanate and 
pcntachlorophenyl isocyanate were prepared and bonded to 
southern pine blocks. The blocks were then used in a soil-block 
test with G. trabeum. The isocyanates reduced attack compared 
with the controls, but probably acted by substrate modification 
and enzyme blocking rather than toxicity. 

1794 SWITZERLAND, LIGNUM [Evaluation methods for wood 
preservatives. Explanation and determination by testing, assess
ment and notification of wood preservatives and special coating 
materials for wood.) Bewertungsverfahren fUr Holzschutzmit
tel. Erlauterungen und Bestimmungen Uber PrUfung, Hewer
tung und Bekanntgabe von Holzschutzmitteln und 
Spezialanstrichstoffen fUr Holz. ZUrich, Switzerland; 
LIGNUM (1983) iii + 18 pp. [De, X) Arbeitsgemeinschaft fiir 
das Holz, Falkenstrasse 26, 8008 Ziirich, Switzerland. 
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1795 DIROL, D. [Results of field tests on eight wood preserv
ath:es after twenty years in service.] Resultats d'essais de terrain 
sur huit produits de preservation du bois a pres 20 ans de service. 
Holzforschung (1984) 38 (6) 319-325 [Fr, en, de, 5 ref., 3 pl. 
BLL] CTB, 10, ave. de Saint-Mande, F-75012 Paris, France. 

The wood preservatives tested on Pinus sylvestris in Bois
le-Roi, France were: Boliden K 33, Celcure, Wolmanit UAR, 
Wolmanit UR, Wolmanit CB, KP cur.rinol, creosote and PCP. 
An index of decay is presented for dtfferent concentrations of 
each preservative after 5, 8, II, 17 and 20 yr. Boliden and 
Celcure are both giving excellent protection; Wolmanit CB is 
also very effective but at a much higher concn. Creosote and 
PCP are both very poor. Results of similar tests in this collabo
rative project in Germany and Sweden are compared with the 
French results. 

1796 HELSING, G. G.; MORRELL, J.; GRAHAM, R. D. Evalu
ations of fumigants for control of internal decay in pressure
treated Douglas-fir poles and piles. Holzforschung (1984) 38 
(5) 277-280 [En, de, 16 ref. BLL] Dep. For. Prod., Oregon 
State Univ., Corvallis, OR 973331, USA. 

The most recent evaluations of tests begun in 1969 are 
presented for the chemicals Vapam, Vortex, chloropicrin, allyl 
alcohol, and methylisothiocyanate (MIT). Results indicate that 
a pole retreatment cycle of at least 14 yr is feasible using chloro
picrin or Vorl ex, and 8-10 yr using Vapam. After 5 yr of testing, 
MIT appears as effective as Vortex. Allyl alcohol has been 
promising in laboratory tests but was ineffective in field applica
tions. Results also demonstrate that fumigants can be effective 
above the waterline in marine piles, although the length of 
retreatment cycles may be shorter than in poles. 

1797 WINANDY, J. E.; RIVER, B. H. Evaluation of a method 
for testing adhesive-preservative compatibility. Forest Products 
Journal (1986) 36 (I) 27-32 [En, 20 ref.] FPL., USDA For. 
Serv., Madison WI 53705, USA. 

A new method involving a cyclic vacuum-pressure soak-dry 
(VPSD) procedure was compared with the traditional 2-cycle 
soak-dry delamination method. Boards of southern pine were 
treated with (a) PCP and (b) Cu-Cr-As and glued with phenol 
resorcinol to represent (a) a compatible preservative/adhesive 
system and (b) an incompatible system. Deep wood failure of 
the 2 systems differed only slightly before exposure to the new 
method but the difference increased after one cycle and contin
ued to increase with increasing cycles. Shear strength measured 
with the new method was less sensitive to differences in adhe
sive/preservative compatibility, whereas delamination mea
sured with the old method was much less sensitive. 

1798 RUDDICK, J. N. R. A comparison of needle and North 
American incising techniques for improving preservative treat
ment of spruce and pine lumber. Holz als Roh- und Werksto.ff 
(1986) 44 (3) 109-113 [En, de, 12 ref.] WFPL, Forintek Can. 
Corp., Vancouver, BC, Canada. 

Kiln-dried white spruce and lodgepole pine 5X 10 em lum
ber was treated (by vacuum-pressure-vacuum) with 1.74% 
CCA after (a) needle incising or (b) conventional staggered 
incising. In both species, preservative penetration and retention 
were significantly greater in (a) than in (b). Similar results were 
obtained with Abies amabilis. 

1799 PIZZI, A.; CONRADIE, W. E.; JANSEN, A. Polyftavo
noid tannins - a main cause of soft-rot failure in CCA-treated 
timber. Wood Science and Technology (1986) 20 (!) 71-81 
[En, 22 ref.] NTRI, CSIR, PO Box 395, Pretoria 0001, South 
Africa. 

In order to determine the mechanism whereby tannin ren
ders CCA preservative ineffective, blocks of Pinus patu/a of low 
tannin content were: (a) pretreated with 7.5% tannin sol. (from 
Acacia mearnsii), dried at 95°C for 16 h then treated with a 4% 
sol. of CCA; (b) treated as for (a) but with a 2.5% tannin sol.; or 
(c) treated as for (a) but with no tannin. Retentions of tannin 
solids and CCA were determined by massfvol. concn. methods 
and by atomic absorption analysis of depleted solutions used for 
treatment. Amounts ofCCA solutions extracted after treatment 
and amount of sludging of the solutions were also determined. 
CCA gradients were determined in the blocks by analysis of 
tangential and radial slices. Results show that increased tannin 
in the timber was associated with increased absorption and 
fixation of CCA. The effect of the tannin fixing large amounts of 
CCA is to leave the lignin and holocellulose in wood under-
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treated -10.3 kgfm3 actual retention rather than the expected 
retention of 16 kg/m' CCA in (a). It is concluded that this 
amount of under-treatment will affect susceptibility to fungal 
attack (though not insect attack) because fungi absorb only 
depolymerized carbohydrates. Remedial measures include 
preleaching timber with water or solvents, using higher CCA 
concentrations, and altering the ratios of Cu: Cr: As. 

1800 PLACKETT, D. V.; CHITTENDEN, C. M.; PRESTON, A. F. 
Exterior weathering trials on Pinus radiata roofing shingles. 
New Zealand Journal of Forestry Science (1984) 14 (3) 368-
381 [En, 14 ref.] For. Res. lnst., New Zealand For. Serv., 
Private Bag, Rotorua, New Zealand. 

A series of test roofs clad with P. radiata shingles that had 
been pressure-treated with CCA and alkylammonium com
pounds was installed at a Forest Research Institute test site in 
Rotorua in 1977. A further series of test roofs installed in 1978 
included P. radiata shingles pressure-treated with a copper 
naphthenate-based light organic solvent preservative. Evalua
tion of shingles in early 1984 showed that, although preservative 
leaching had occurred, the shingles appeared sound when 
examined under the microscope. Slight hchen growth was evi
dent on some shingles. Untreated P. radiata shingles displayed 
marked fungal infection, early stages of decay and plentiful 
mould and lichen growth. Untreated Thuja plicata shingles, 
used as a reference, showed lichen and mould growth after 7 yr 
exposure. 

1801 HELSING, G. G.; MORRELL, J. J.; GRAHAM, R. D. Ser
vice life of Douglas-fir piles: methods for protecting cutoff tops 
from decay. Forest Products Journal (1986) 36 (2) 21-24 [En, 
8 ref.] Nat. Wood Treating Co., Corvallis, OR 97339, USA. 

Results after 8 yr are reported. Pile 
top' treated with FCAP [Cu-As-F-phenol] paste or ammonium 
biHuoride (ABF) and those capped with Pole Topper were free 
of decay. Coal tar cement caps alone did not prevent invasion by 
decay fungi but did prevent development of advanced decay, 
probably as a result of their keeping the wood at less than 30% 
m.c. In a second experiment established in 1980, creosote
treated piles were treated with ABF in semipermeable bags 
placed on the cut tops and exposed in an Oregon marina. This 
treatment eliminated decay for 6 months and prevented reinfes
tation for 31 f, yr. 

1802 CONRADIE, W. E.; PIZZI, A. The permanence and 
biological effectiveness of creosotes and creosote/waxy oil mix
tures. In Xylorama. Trends in wood research [edited by KuC
era, L.J.j. Basel, Switzerland; Birkhiiuser Verlag (1985) 33-41 
ISBN 3-7643-1709-4 [En, de, 8 ref.] CSIR, NTRI, PO Box 
395, Pretoria 0001, South Africa. 

Results obtained in accelerated laboratory tests and long~ 
term field tests are summarized. A creosote/waxy oil mixture 
greatly improves resistance to fungi and termites and shows less 
leaching than pure creosotes. 

1803 WALCHLI, 0. [Why protect wood chemically?) 
Warum chemischer Holzschutz? In Xylorama. Trends in wood 
research [edited by KuCera, L.J./. Basel, Switzerland; 
Birkhauser Verlag (1985) 204-212ISBN 3-7643-1709-4 [De, 
fr, II ref.] Oberstrasse 286, 9013 St. Gallen, Switzerland. 

A discussion of the necessity and consequences of wood 
preservation. 

1804 SMITH, R. S.; BYRNE, A.; CSERJESI, A. J. New fungici
dal formulations protect Canadian lumber. Special Publication, 
Forintek Canada Corp. (1985) No. SP-25, ii + 4 + I4pp. [En, I 
ref.] Western Lab., Forintek Canada Corp., Vancouver, B.C. 
V6T lX2, Canada. 

Eleven fungicidal formulations were compared with PCP
Na for protection of green hem-fir and spruce-pine-fir lumber 
against fungal deterioration. Evaluation after outdoor storage 
for 4 months in Vancouver showed that 5 formulations were 
equivalent to or better than PCP-Na, viz. Antiblu 3739 (methy
lene bis(thiocyanate) [MBT] + TCMTB), Busan 10-30 
(TCMTB), Saptol-7 (MBT), Woodgard EC (3-iodo-2-propynyl 
N-butyl carbamate+ MBC) and an experimental formulation 
(composition not given). 

1805 WANG, C. C. (The preservation codes for utility poles.] 
Forest Products Industries (1985) 4 (l) 79-90 (Ch, 19 ref. 
Tables have En captions] 



1806 WANG, S. Y. (Wood structure vs. the penetration and 
diffusion of wood preservatives.] Forest Products Industries 
(1985) 4 (3) 39-53 (Ch, 12 ref.] 

1807 VICK, C. B.; BAECHLER, R. H. Hardwood and pine 
fenceposts treated by the double-diffusion method- final report. 
Forest Products Journal (1986) 36 (4) 20-24 [En, II ref.] 

SEFES, USDA For. Scrv., Carlton St., Athens, GA 30602, 
USA. 

Results are reported from 29 yr ground 
exposure tests on 900 treated and untreated posts in Georgia, 
USA. Species tested were (a) loblolly pine, (b) sweetgum, (c) 
white oak, (d) red oak, (e) yellow poplar and (f) hickory. The 
double-diffusion treatment involved soaking freshly cut and 
peeled timber in aqueous solutions of zinc sulphate and arsenic 
acid in a 6: I ratio followed by sodium chromate using 4 soaking 
schedules- 1/ 2, 1, 2 or 3 days in each solution. Average service 
life for all treatment schedules was: (a) 30, (b) 16.6, (c) 16.3, 
(d) 16.3, (e) 16.2 and (f) 14.9 yr. Treatment schedules extended 
av. service life in the following order of decreasing effectiveness 
within each species: ~a) 1j,, 3, I, 2; (b) 2, 3

1 
I, 1 J2; (c) 3,2, 1 (,. I; 

(d) 2, I, 3, 1 j,; (e) 2, h• I, 3; and (f) 3, 2, j,, I. A service hfe of 
40-50 yr could be obtamed for loblolly pine treated to a chemi
cal retention of at least 2lbjft3 but none of the hardwoods were 
adequately protected by treatment with Zn salts even at high 
concn. 

1808 MORRELL, J. J.; SMITH, S. M.; NEWBILL, M. A.; GRA
HAM, R. D. Reducing internal and external decay of untreated 
Douglas-fir poles: a field test. Forest Products Journal (I 986) 
36 (4) 47-52 [En, 24 ref.] Dep. For. Prod., Coli. For., Oregon 
State Univ., Corvallis, OR 97331, USA. 

Results are reported of a field trial in Oregon investigating 
the effectiveness of fumigants and polyethylene wrapping, with 
and without chemical impregnation. Douglas fir poles were 
assigned to 5 groups of 8 poles, 6 debarked and 2 intact. 
Debarked poles were wrapped with polyethylene (POLY) or 
Osmoplastic (OSMO-a polyethylene film with a prof.rietary 
paste containing creosote, sodium fluoride, dinitropheno , potas
sium bichromate and PCP) or left unwrapped. Poles wrapped 
with POLY were treated internally with the fumigants chloro
picrin (CP) or methylisocyanate (MIT) or left untreated. Those 
wrapped with OSMO were treated with CP or left untreated. 
Intact poles were either treated internally with MIT or left 
untreated. The amount of fungal colonization in each pole was 
examined annually by removing increment cores. Results for 4 
yr are reported. After 3 yr several tests were used to evaluate the 
surface condition of test poles below ground and results were 
compared with those of a microscopic examination of plugs cut 
from the poles for radial compression tests. Laboratory cultur
ing and closed-tube bioassay with Poria placenta showed that 
CP and MIT effectively reduced internal decay in the poles. 
OSMO limited basidiomycete colonization at ground level but 
was less effective higher up the pole. Results suggest that a 
combination of externally applied paste and internally applied 
fumigant will prevent internal decay at or above ground level. 
The tests of surface condition gave inconclusive results; moni
toring of these tests will continue together with assessment of 
decay. 

1809 HANTSCHKE, B. [Wood preservation in building ele· 
ments in which dimensional stability is required.) Schutz des 
Holzes bei masshaltigen Bauteilen. Holz-Zentra blatt (1986) 
112 (68) 993-996 [De] 

A report on studies on weathering of Scots pine and Nor
way spruce window frames treated with various types of finish. 
Factors evaluated include: stability of finish; physical and chem
ical protection afforded by finish; and surface appearance. The 
high performance of acrylic-based finishes is discussed. 

1810 TSUNODA, K.; NISHIMOTO, K. Effect of timber species 
on the performance of anti-sapstain chemicals in controlling 
mold and sapstain fungi on wood. Holzforschung (1985) 39 (6) 
331-335 [En, de, 10 ref.] Wood Res. Inst., Kyoto Univ., Uji, 
Kyoto, Japan. 

Three formulations were evaluated, using 7 timber species, 
for their effectiveness in controlling fungal development on 
wood by a partly modified standard Japan Wood Preserving 
Association procedure. Effect of timber species on the efficacy of 
the formulations was demonstrated when wood specimens were 
brushed evenly at a rate of 160 gjm2, then inoculated with 
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monocultures of 5 test fungi and incubated at 26°C for 4 weeks. 
Best performance was generally produced in Cryptomeria 
japonica, followed by the other 4 softwoods (Pinus sylvestris, P. 
densijlora, Tsuga heterophylla, and Chamaecyparis obtusa). 
Worst effectiveness of the formulations was always obtained 
with Shorea sp. or Fagus crenata. A new anti-sapstain chemi
cal, containing 4-chlorophenyl-3-iodopropagyl formal and 2-(4· 
thiazolyl)benzimidazole, proved more effective than the 
trichlorophenol-based and amended trichlorophenol commer
cial products, and competitive in cost efficiency at the indicated 
treating strengths. 

1811 THORNQVIST, T. [Preservative treatment of pine fence 
posts by long-term soaking of the butt end.] Traskyddsbe
handling av tall genom liingtidsdoppning av grovandan i 
impregneringsmedel. Uppsatser, Institution for Virkesliira. 
Sveriges Lantbruksrmiversitet (1985) No. 158, i + 19pp. [Sv, 
en, 2 ref.] Dep. For. Prod., Swedish Univ. Agric. Sci., Uppsala, 
Sweden. 

Newly logged Scots pine posts (length 1.6 m, diam. 40-100 
mm), barked or unbarked, were placed in barrels containing 3.5 
or 6% Cuprinol Tryck [cuprammonium caprylate] or 4% 
Rentokil K33 [Cu-Cr-As]. Preservative penetration after 7 wk 
was greater in barked than in unbarked posts. Cuprinol Tryck 
(6%) rose 1.4 min the outer sapwood and complete penetration 
to the pith was obtained to 0.6 m in barked posts. Figures for 
unbarked posts were l.O m and 0.4 m, respectively. Of 5 barked 
posts treated with Rentokil K33 for 7 wk, penetration to the pith 
was noted at 0.2 m for two posts. Penetration in the other 3 posts 
was 60-90% of the radius. It is concluded that this simple cheap 
treatment gave fairly good uptake and distribution of 
preservative. 

1812 TSUNODA, J.; NISHIMOTO, K. Evaluation of wood pre
servatives for surface treatment. International Biodeterioration 
(1986) 22 (I) 27-30 [En, 9 ref., 2 tab.] Wood Res. Inst., Kyoto 
Univ., Gokasho, Uji, Kyoto 611, Japan. 

The fungidical effectiveness of J 3 wood preservatives was 
compared in laboratory decay tests when wood blocks (Fagus 
crenata, Cryptomeria japonica, Pinus densijlora) were treated 
superficially and exposed to decay fungi (Corio/ us versicolor, 
Tyromyces pa/ustris. Serpula lacrimans) for 8 weeks. The most 
effective conventional preservatives were organotin compounds. 
followed by an organoiodine compound and metallic 
naphthcnates. A new trihaloallyl compound (3-ethoxy
carbonyloxyl-l-bromo-1, 2-diiodpropene) was as effective as 
organotin compounds if applied at 1% treatment strength. 
Pentachlorophenyl laurate, tribromophenol and copper-8-qui
nolinolate were ineffective, though they are commercially used 
for superficial applications. Two zinc soaps of the sythetic acids 
(zinc ncodecanoate and zinc versa tate) were equivalent in activ
ity to zinc naphthenatc, which suggests realistic utilization of 
the zinc soaps in wood preservation. 

Wood pulp 

1813 SURMA-SLYt:SARSKA, B. (SURMA-SLUSARSKA, B.); 
SUREVICH, V. (SUREWICZ, W.) [Suitability of wood with decay 
for the manufacture of sulphate pulp.] Khimiya Drevesiny 
(1986) No.2, 12·18, 120 [Ru, en, 20 ref. BL] L6dz Polytech. 
Inst., Poland. 

Unbleached sulphate pulp was prepared in the laboratory 
from normal pulpwood of Scots pine and beech grown in Poland 
and also from: pine chips strongly attacked by bluestain~ pine 
wood with 30% of its vol. attacked by firm brown rot; and beech 
wood containing 15% or 40% of firm white rot. Data are tabu
lated on the wood density and fibre length and the yield, 
strength properties and cooking degree of the pulp. Bluestain 
had no sigmficant effect on pulping. Rot reduced the pulp 
strength and cooking degree, but had little effect on pulp yield. 
It is recommended that pulpwood for paper manufacture should 
not contain > 15-20% of firm rot. 

1814 KUMAR, S.; KALRA, K. K.; DOBRIYAL, P. B. Protec
tion of pulp-bamboo in outside storage. Journal of the Timber 
Development Association of India (1985) 31 (4) 5-12 [En, 4 
ref:] 

Field trials were carried out at 3 paper mills (2 in Andhra 
Pradesh and I in West Bengal) investigating the protection of 
stacks of flowered, semi-dry, dried and green bamboo with PCP-
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Na, boric acid/borax or PCP-Na/boric acid/borax. Results are 
presented showing pulp yield and density losses of the stored 
bamboo. Highest pulp yield losses were in unprotected green 
bamboo (12.3% after 12 months). Best ~rotection was with the 
PCP-Nafboric acid/borax mixture wh1ch reduced pulp yield 
loss to 4.5% in this material; the protective effect decreased with 
time because of preservative leaching. An assessment of the cost 
of preservative treatment shows that it is economically viable. It 
is recommended that treatment is repeated after 4-6 months, 
immediately after the monsoons. 

TEXTILES. 

See also abst. 1866 

1815 THOMPSON, J. Clothes moths. Agfacts (1983, reed. 
1986) No. AE. II, 2 pp. [En, 4 fig.] Entomology Branch, Bio
logical & Chemical Research Institute, Rydalmere, New South 
Wales, Australia. 

Notes are provided on the recognition, biology, injurious
ness and control of Tinea pel/ionel/a and Tinea/a bissel/iella in 
textiles in New South Wales. 

1816 BRY, R. E.; LANG, J. H.; CAlL, R. S. Permethrin as a 
long-term protectant of woolen fabric. Journal of Entomologi
cal Science (1985) 20 (3) 367-371 [En, 5 ref.] Stored-Product 
Insects Res. & Development Lab., ARS, USDA, Savannah, GA 
31403, USA. 

In laboratory tests in the USA, an aqueous pressurized 
spray and an oil aerosol formulation of permethrin were applied 
to samples (I ft 2

) of woollen cloth to protect it against fabric 
pests. Initial protection and protection during aging for 6 
months was obtained against feeding damage by larvae of 
Attagenus unicolor, Anthrenus flavif!es and Tineola bissel
liella. Additional samples were stored m a dark closet in a room 
maintained at about 24°C for 78 months, and the feeding tests 
were repeated. Both formulations continued to provide a high 
degree of protection against the same species of fabric insects. 
The results showed that an extremely high degree of protection 
could be obtained for several years when treated woollens were 
stored in the dark. 

1817 HSIEH, Y. L.; MERRY, J. The adherence of Staphylo
coccus aureus, Staphylococcus epidermidis and Escherichia 
coli on cotton, polyester and their blends. Journal of Applied 
Bacteriology (1986) 60 (6) 535-544 [En, 13 ref., 4 fig., 9 tab.] 
Div. Textiles & Clothing, Coli. Agric. Environmental Sci., 
Univ. California, Davis, CA 95616, USA. 

The adherent behaviour of S. aureus, S. epidermidis and 
E. coli on cotton, polyester and their blends through contact in 
aqueous suspensions was studied. S. epidermidis adhered to 
fabrics much more so than S. aureus. The adherence of both S. 
epidermidis and S. aureus to fabrics increased as the content of 
polyester fibres in the fabrics increased. The attachment of E. 
coli to all fabrics was very low and was not affected by the fibre 
contents. Total numbers of adherent bacteria on cotton and 
polyester fabrics were related directly to the concn of the bacte~ 
rial suspensions. The extents of adherence, expressed by the 
percentage of adherent bacteria from the suspension, however, 
were independent of the concn.The length of contact with bacte~ 
ria was also found to affect the adherence of bacteria on fabrics 
studied. 

HYDROCARBONS, FUELS AND 
LUBRICANTS 

1818 ELSMORE, R.; HILL, E. C. The ecology of pasteurized 
metalworking fluids. International Biodeterioration (1986) 22 
(2) 101-109 [En, 27 ref., 6 fig., 3 tab.] Boots Co. pic, Notting
ham, UK. 

The effect of continuous and batch thermal pasteurization 
on the aerobic bacterial population of several metalworking 
fluids was examined. Batch pasteurization appears to select for 
certain organisms namely those which are Gram-positive, spar~ 
ing and thermophilic. In the continuously pasteurized system 
studied these organisms were not selected for in the final sump 
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population, suggesting that they are not competitive with the 
sump flora although they are more resistant to pasteurization. 
Pasteurization may cause an increase in lag period of growth of 
the surviving population but it did not select for a more 
thermotolerant population in the example studied. The flora 
which became established in the continuously pasteurized sys
tem lost the ability to degrade hexadecane. 

1819 FOXALL-VANAKEN, S.; BROWN, J. A., JR.; YOUNG, W.; 
SALMEEN, 1.; MCCLURE, T.; NAPIER, S., JR.; OLSEN, R. H. 
Common components of industrial metal-working fluids as 
sources of carbon for bacterial growth. Applied and Environ
mental Microbiology (1986) 51 (6) 1165-1169 [En, 12 ref., 4 
tab.] Ford Motor Co., Dearborn, MI 48121, USA. 

Water~based metal-working fluids used in large~scale 
industrial operations consist of many components, but in the 
most commonly used formulations only 3 classes of components 
are present in high enough concn that they could, in principle, 
provide enough carbon to support the high bacterial densities 
(109 CFU/ml) often observed in contaminated factory fluids. 
These components are petroleum oil (I to 5%), petroleum 
sulphonates (0.1 to 0.5%) and fatty acids (less than 0.1 %, 
mainly linoleic and oleic acids supplied as tall oils). Pure strs. of 
predominating bacteria were isolated from contaminated rcscr~ 
voirs of 2 metal-working systems and 12 strs. were randomly 
selected. These were tested in liquid culture for growth with 
each of the metal-working fluid components as the sole source of 
carbon. Of the 12 strs., 7 reached high density (109 CFU/ml 
from an initial inoculum of less than 2 X 1 03) in 24 h, and I str. 
did the same in 48 h with 0.05% oleic or linoleic acid as the 
carbon source. These same strs. also grew on I% naphthenic 
petroleum oil but required up to 72 h to reach densities near 108 

CFU/ml. One str. grew slightly and the others not at all on the 
petroleum sulphonates. The 4 remaining strs. did not grow on 
any of the components, even though they were among the pre
dominating bacteria in the contaminated system. Of the 7 strs. 
that grew best on the fatty acids and on the naphthenic petro
leum oil, 5 were tentatively identified as Acinetobacter sp. and 2 
as Pseudomonas sp. Four of the bacteria that did not grow were 
tentatively identified as species of Pseudomonas and one could 
not be identified. 

PLASTIC POLYMERS 

Plastics 

See also abst. 1817 

PHARMACEUTICALS AND COSMETICS 

See also abst. 1728 

1820 BREEZE, A. S. The use of an antimicrobial removal 
de,·ice in the sterility testing of a non-aqueous antibiotic prepara
tion. Letters in Applied Microbiology (1986) 3 (2) 41-43 [En, 5 
ref., I tab.] Microbial. Lab., Pharmacy Dep., Heriot-Watt 
Univ., Edinburgh EHI 2HJ, UK. 

An antimicrobial removal device was used successfully in a 
sterility test on a viscous, non-aqueous formulation containing 
streptomycin and benzylpenicillin. Conventional techniques 
such as dilution, enzymic inactivation and membrane filtration 
having failed. it is suggested that use of the devices be consid~ 
ered as an alternative to established procedures for sterility 
testing of antimicrobial preparations. 

PAINT 

See also abst. 1829 

1821 ODUNFA, S. A. Microorganisms associated with paint 
films in cold rooms and air-conditioning vent panels in Nigeria. 
International Biodeterioration (1986) 22 (2) 91-94 [En, 18 ref., 
I fig., 3 tab.] Dep. Bot., Univ. lbadan, lbadan, Nigeria. 



The predominant or~anisms isolated from discoloured 
paints in cold rooms m Nigeria were Cladosporium 
cladosporioides and Phialophora verrucosa. Those on the 
humid walls at the entrance of cold rooms and on panels around 
air conditioning vents were C. cladosporioides, C. sphaeros
permum and C. oxysporum.AII the isolates were capable of 
growing at low temperatures and preferred high humidity for 
growth. The occurrence and predominance of these 
Cladosporium isolates is ascribed to their prevalence in the air 
spora in Nigeria and tolerance of cold temperatures and heavy 
metals. 

1822 GRANT, C.; BRAVERY, A. F.; SPRINGLE, W. R.; WOR
LEY, W. E'Valuation of fungicidal paints. International 
Biodeterioration (1986) 22 (3) 179-194 [En, 20 ref., I 0 fig., 13 
tab.] Biodeterioration Sect., Building Res. Establishment, 
Princes Risborough Lab., Princes Risborough, Bucks., UK. 

This joint Princes Risborough Laboratory (PRL)/Paint 
Research Association (PRA) collaborative exercise was con
ducted to obtain information on correlation between test meth
ods and to compare the efficacy of a number of fungicides 
incorporated into a model emulsion paint formulation and of a 
number of commercial paint products. Controlled laboratory 
tests were conducted at PRL and PRA and site trials were 
conducted in co-operation with Manchester Corporation Direct 
Works Department. In addition, an increased range of experi
mental paints plus a number of other commercial paint products 
were exposed in a high condensation mould test chamber at 
PRL. It is concluded that laboratory tests, which arc reproduci
ble and rapid, provide a useful basis for making comparative 
assessment of products or candidate fungicides, but that site 
trials are likely to be unreliable predictors of service perform
ance~ The mould test chamber provided a highly discriminative 
assessment of performance, although it does not yet permit 
prediction of the actual service life of paints. Paints containing 
tetramethylthiuramdisulphide and also a paint believed to con
tain barium metaborate performed extremely well in the tests. 

STONE AND CONCRETE 

See also abst. 2083 

1823 BASSI, M.; FERRARI, A.; REALINI, M.; SORLINI, C. 
Red stains on the Certosa of Pavia a case of biodeterioration. 
International Biodeterioration (1986) 22 (3) 201-205 (En, 3 
ref., 10 fig. (4 col.), I tab.] Istituto di Botanica, Universita di 
Parma, Italy. 

Two bacteria producing a red pigment were isolated from 
the orange-red stained marble carvings which decorate the 
facade of the Certosa of Pavia. These stains were previously 
found not to be due to chemical or petrographic changes of the 
stone. The heterotrophic bacteria, tdentified as a Micrococcus 
and a Flavobacterium sp., live in the stone microfissurcs, on a 
substrate of green unicellular algae, Chiarella. In vitro the bac
teria were rapidly killed by very low concn (0.005%) of 
Bradophen. 

CONSTRUCTIONS 

See also absts. I852, 1870, 2031 

Instruments and Equipment 

See also absts. 1835-1836 

1824 HEINZ, D. J.; CARLSON, M. K. (EDITORS); TABUSA, R. 
S. (GRAPHIC ARTIST) (HAWAIIAN SUGAR PLANTERS' ASSOCIA
TION} Insects. Annual report, Experiment Station. Hawaiian 
Su/iar Planters' Association (1984, pub!. 1985) 34-37 [En, 6 
fig.] Aiea, Hawaii 96701, USA. 

Summaries are presented of about 10 projects on the biol
ogy and control of invertebrate pests (mainly insects) in sugar
cane fields in Hawaii. Research on the control of ant damage to 
drip irrigation tubes continued to be a major concern, and ant 
baits and ant-resistant tubes and materials were investigated. 
About 80 varieties of sugarcane were tested for resistance to the 
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New Guinea su~arcane weevil I Rhabdoscelus obscurus]. Popu
lations of the nutsance-causing wasp Vespula pensylvanica were 
monitored, and toxic baits were tested against them. Three 
systemic insecticides were tested against Neodecadarchisj/avis
triata on sugarcane. The leaf-mining buprestid Aphanisticus 
cochinchinae seminulum was found damaging sugarcane for the 
first time in December 1984. 

1825 STOTT, J. F. D.; HERBERT, B. N. The elfect of pressure 
and temperature on sulphate-reducing bacteria and the action of 
biocides in oilfield water injection systems. Journal of Applied 
Bacteriology (1986) 61 (I) 57-66 [En, 17 ref., 6 fig., 5 tab.] 
Shell Res. Ltd., Sittingbourne Res. Cent., Sittingbourne, Kent 
ME9 BAG, UK. 

The effects of elevated pressures and temperatures on the 
growth, morphology and metabolic activity of sulphate-reduc
ing bacteria, isolated from the North Sea, arc described. Pres
sure/temperature profiles, growth curves and sulphate 
reduction rates are presented for several isolates. The maximum 
pressure and temperature that supported growth were 65 000 
KPa and 45°C respectively. The results are discussed in connec
tion with water injection into oil-bearing reservoirs where there 
is a concern that generation of hydrogen sulphide by sulphate
reducing bacteria may lead to increased hydrogen sulphide 
levels (souring) in oil and gas, and to corrosion problems in 
production facilities. The bacteriostatic effects of a number of 
commercial biocides were enhanced at elevated hydrostatic 
pressures and temperatures. 

Works of Art, Museum Specimens and Books 

See also abst. 1769 

1826 MoNTANARI, M. (Biotic agents that damage book and 
archive materials.] Agenti biologici che danneggiano i materiali 
librari ed archivistici. Bol/ettino de/1'/stituto Centrale per Ia 
Patologia del Libro 'Alfonso Gallo' (1980, reed. 1986) 36, 163-
194 [It, 10 ref., 31 fig. (12 col.)]lstituto Centrale per Ia Pato
!ogia del Libro, Rome, Italy. 

1827 GALLO, F. [Factors favouring attacks of biotic agents 
in libraries and archh:es and methods or preventing or checking 
such attacks.] I fattori che favoriscono gli attacchi degli agenti 
biologici nelle biblioteche e negli archivi e i metodi per prevenire 
ed arrestare tali attacchi. Bol/ettino de/1'/stituto Centrale per 
Ia Patologia del Libra 'Alfonso Gallo' (1980, reed. 1986) 36, 
195-213 [It, 29 ref.] lstituto Centrale per Ia Patologia del Libro, 
Rome, Italy. 

The author shows how materials and ambient conditions 
found by accident or design in libraries and archive stores (such 
as dust, insufficient ventilation, inappropriate lighting, high 
temperatures, high relative humidity and materials attractive to 
pests used for the manufacture or restoration of books) can 
favour attack by insects and other microorganisms, and how 
modification of them can help to prevent it or to check existing 
infestations of each type. The solid, liquid or gaseous formula
tions of chemicals most appropriate for application against lep
ismatids, cockroaches, psocids or wood-boring insects such as 
termites and anobiid or lyctid beetles are shown in tabular form, 
and also the effectiveness against insects, fungi and bacteria and 
any adverse side-elfects on the books of 3 commonly used fumi
gants (methyl bromide, formaldehyde and ethylene oxide). 
Attention is drawn to the necessity, for the chemical control of 
library pests, of using materials that are neither toxic nor repel
lent to man nor harmful to books or documents. 

1828 JIANG, C. Y.; HAN, S. H.; Xu, Y. Q. [Experiments on 
preservation of ancient corpses.) Investigatio et Studium 
Naturae ( 1983) No.4, 111-114 [Ch, en, 3 ref., 4tab.] Shanghai 
Museum of Natural History, China. 

This paper reports protection a~ainst mildew and rot by 
using dithwcyanatomethane deoxidizmg agent and an antisep
tic made of herbs, yunxiangjing. It is shown that this kind of 
antiseptic can also provide noticeable effects when it is applied 
to the preservation of ancient corpses. 

1829 JEFFRIES, P. Growth of Beau.eria alba on mural paint
ings in Canterbury Cathedral. International Biodeterioration 
(1986) 22 (I) 11-13 [En, 2 ref., 3 fig.] Bioi. Lab., Univ. Kent, 
Canterbury, Kent CT6 7NJ, UK. 
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Biodeterioration of mural paintings in Canterbury Cathe
dral is reported, caused by B. alba. Growth of the fungus was 
associated with flaking and powdering of the paint surface. This 
fungus had not previously been reported as an agent of deterio
ration. Disinfection with 3 separate spray applications of 0.3% 
p-chloro-m-cresol and 0.1% phenylmercuric acetate in absolute 
ethanol removed the fungus, and had not adverse effects on the 
mural. 

1830 DHAWAN, S.; AGRAWAL, 0. P. Fungal Hora of minia
ture paper paintings and lithographs. International Biodeteri
oration (1986) 22 (2) 95-99 [En, 14 ref., 4 fig., I tab.] Natn. 
Res. Lab. Conservation Cultural Property, Nirala Nagar, 
Lucknow-226007, India. 

Twenty-three species of fungi belonging to the genera 
Aspergillus, Penicillium, Fusarium, Paeci/omyces, Alternaria, 
Cephalosporium, Chaetomium, Cladosporium and 
Trichoderma were isolated from miniature paper paintings and 
lithographs of the State Museum, Lucknow, India. 

1831 T!LAK, S. T.; SAIBABA, M. Indoor aero-mycology. 
Acta Botanica Indica (1985) 13 (2) 203-211 [En, 28 ref., !tab.] 
Acrobiol. Lab., Dep. Bot., Marathwada Univ., Aurangabad 
431004, India. 

The results are presented of operating Rotorod samplers 
and Tilak's volumetnc spore trap, the latter in hospital wards 
and the former in a vegetable market, glasshouse, dwelling 
houses, poultry sheds, cattle sheds and library buildings. The 81 
spore types obtained were classified into 4 groups: (i) plant 
pathogens; (ii) aeroallergens; (iii) animal pathogens; and (iv) 
book deteriorating fungi. 

1832 KOLMODIN-HEDMAN, B.; BLOMQUIST, G.; SIKSTROM, E. 
Mould exposure in museum personnel. International Archives of 
Occupational and Environmental Health (1986) 57 (4) 321-
323 [En, 5 ref.] Med. Div., Natn. Board Occupational Safety 
and Health, Box 6104, S-900 06 UmeA, Sweden. 

A case in a 50-yr-old woman is reported. She worked in the 
basement archives of a local arts and crafts museum where the 
books and bookkeeping registers were handled. She had I 0 
attacks of fever, chill, nausea and cough during I yr. The symp
toms appeared at the end of the working day and disappeared 
after 1-3 d at home. No symptoms could be detected dunng the 
summer holidays. The books stored in the basement archives 
had previously been stored in a small house with a leaky roof, 
which had led to the growth of mould on the books. When the 
books were handled at the museum, they were still covered in 
mould. The exposure measurements showed 106 CFU/m3 and 
108 sporesjm3

• Aspergillus versicolor was predominant and 
Penicillium verrucosum was also identified. 

Structures and Vehicles 

See also absts. 1737, 1787, 1792, 182/, /823 

1833 FANG, F. Historic timber structures in China and their 
conservation. In Proceedings of the Pacific timber engineering 
conference, Auckland, New Zealand. May /984. Volume II. 
Timber design theory (edited by Hutchison, J.D.]. Wellington, 
New Zealand; InstitutiOn of Professional Engineers (1984) 402-
407 ISBN 0-86869-060-0 [En, 5 ref. Paper No. 060.X] Beijing 
Municipal Computing Cent., Beijing, China. 

Results are discussed of a survey of partly extant historic 
structures from prior to the Tang Dynasty (up to 618 AD), the 
Tang Dynasty (618-907 AD),the Song, Liao and Jin Dynasties 
(960-1279 AD), and the Yuan, Ming and Qing Dynasties 
(1271-1911 AD). Notes are given on various ancient codes of 
building practice. 

1834 BRAVERY, A. F. Mould and its control. BRE Infor
mation, UK (1985) No. II, 4pp. [En, 6 ref. PRJ BRE, Princes 
Risborough Lab., Princes Risborough, Aylesbury, Bucks. HP17 
9PX, UK. 

The nature of mould in buildings and factors governing its 
growth are briefly discussed and remedial and preventive mea
sures arc outlined. 
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FOULING 

See also abst. I 940 

1835 MEYERS, A. J., JR. Involvement of Trichosporon 
cutaneum in biofouling of an organic acid recovery system. 
Myco/ogia (1986) 78 (3) 469-470 [En, 7 ref.] Tennessee East
man Co., Div. Eastman Kodak Co., P.O. Box 511, Kingsport, 
TN 37662, USA. 

A profuse layer of slime material, caused by T. cutaneum 
[T. beige/ii], covered various mechanical surfaces in a recovery 
system for acetic, propionic and butyric acids. T. beigelii grew 
on acetic acid as the C source over a pH range of 3-9 and 
synthesized extracellular polysaccharide material at an opt. pH 
of 3. The organism grew over a temp. range of I 0-30°C, with an 
opt. at 20-25°. 

Aquatic surface fouling - marine and freshwater 

1836 BERGER, L. R.; BERGER, J. A. Countermeasures to 
microbiofouling in simulated ocean thermal energy conversion 
heat exchangers with surface and deep ocean waters in Hawaii. 
Applied and Environmental Microbiology (1986) 51 (6) 1186-
1198 [En, 9 ref., 19 fig., 4 tab.] Dep. Microbiol., Univ. Hawaii 
at Manoa, Honolulu, HI 96822, USA. 

Countermeasures to biofouling in simulated ocean thermal 
energy conversion heat exchangers were studied in single-pass 
flow systems, using cold deep and warm surface ocean waters off 
Hawaii. Manual brushing of the loops after free fouling periods 
removed most of the biofouling material. However, over a 2-yr 
period a tenacious film formed. Daily free passage of sponge 
rubber balls through the tubing only removed the loose surface 
biofouling layer and was inadequate as a countermeasure in 
both titanium and aluminium alloy tubes. Chlorination at 0.05, 
0.07 and 0.1 mgflitre for I hfday lowered biofouling rates. Only 
at 0.1 mgflitre was chlorine adequate over a 1-yr period to keep 
film formation and heat transfer resistance from rising above 
the max. tolerated values. Lower chlorination regimens led to 
the buildup of uneven or patchy films which produced increased 
flow turbulence. The result was lower heat transfer resistance 
values which did not correlate with the amount of biofouling. 
Surfaces which were let foul and then treated with intermittent 
or continuous chlorination at .::::;; 0.1 mgflitre chlorine were only 
partially or unevenly cleaned, although heat transfer measure
ments did not indicate that fact. It took continuous chlorination 
at 0.25 mg/litre to bring the heat transfer resistance to zero and 
eliminate the fouling layer. Biofouling in deep cold seawater was 
much slower than in the warm surface waters. Tubing in one 
stainless-steel loop had a barely detectable fouling layer after I 
yr in flow. With aluminium alloys sufficient corrosion and 
biofouling material accumulated to require that some fouling 
countermeasure be used in long-term operation of an ocean 
thermal energy conversion plant. 

Terrestrial surface fouling 

See also abst. 1817 

BIODETERIORATION ORGANISMS 

See a/so absts. /838, 2083 

Bacteria 

See also absts. 1425-1426, 1429, 143/-/435, 1438, 1440-
1443. 1445-1446. 1448-1449, 1475, 1489. 1583, 1635, 
/653-/654. /656, /659-1664, 1668-1673, 1675, 1677, 
1679-/680. /682-1685, 1689-1692, 1694, 1697-1699, 
1701, 1703, 1706, 1708-1715, 1717-1718. 1720-1721. 
1724. 1726-1727, 1736, 1739-1740. /817. 18/9, /823, 
1825. 1915, /943-/946, /950, 203/ 

1837 STEAD, D. Microbial lipases: their characteristics, 
role in food spoilage and industrial uses. Journal of Dairy 
Research (1986) 53 (3) 481-505 [En, 265 ref.] Inst. Food Res., 
Shinfield, Reading RG2 9AT, UK. 



Occurrence and growth of lipolytic psychrotrophic bacteria 
and factors that affect production of lipases are discussed. Some 
properties of the lipases, in particular their heat stability, are 
described with details of the mode of lipolytic spoilage of indi
vidual products (milk, cream, butter, cheese, other foods). Tech
niques for controlling the growth of psychrotrophic bacteria and 
for assaying their lipases (diffusion assays, assays of free fatty 
acids, use of chromogenic phenolic ester, immunological assays) 
are given. The final section deals with some applications of 
microbial lipascs to cheese ripening, flavour production, the 
hydrolysis and interesterification of fats and oils, and the esteri
fication of alcohols with fatty acids. 

1838 GRAHAM, A. F.; LUND, B. M. The effect of citric acid 
on growth of proteolytic strains of Clostridium botulinum. 
Journal of Applied Bacteriology (1986) 61 (1) 39-49 [En, 40 
ref., I fig., 8 tab.] Agric. Food Res. Council, Inst. Food Res., 
Norwich Lab., Norwich NR4 7UA, UK. 

In strictly anaerobic conditions in a culture medium 
adjusted to pH 5.2 with HCI and incubated at 30°C, inocula 
containing < I 0 vegetative bacteria of C. botulinum ZK3 (type 
A) multiplied to give> I 08 bacteria per ml in 3 d. Growth from 
an inoculum of between 10 and 100 spores occurred after a 
delay of 10-20 weeks. Citric acid concn of 10-50 mmolflitre at 
pH 5.2 inhibited growth from both vegetative bacteria and spore 
macula, a concn of 50 mmolflitre increasing the number of 
vegetative bacteria or of spores required to produce growth by a 
factor of approx. 106

• The citric acid also reduced the concn of 
free CaH in the medium. The inhibitory effect of citric acid on 
vegetative bacteria at pH 5.2 could be prevented by the addition 
of Ca2+ or M~2+ and greatly reduced by Fe2+ and Mn,..The 
addition of Ca +,but not of the remaining divalent metal ions, 
restored the concn of free Ca2+ in the medium to that in the 
citrate-free medium. The inhibitory effect of citric acid on 
growth from a spore inoculum was only partially prevented by 
CaH. Citric acid (50 mmolflitre) did not inhibit growth ofstr. 
ZK3 at pH 6 despite the greater chelating activity of citrate at 
pH 6 than at pH 5.2. The effect of citric acid and Ca2+ at pH 5.2 
on vegetative bacteria of strs. VLI (type A) and 2346 and B6 
(proteolytic type B) was similar to that on str. ZK3. 

1839 WAGNER, M. K.; BUSTA, F. F. Association of {32P] 
with Clostridium botulinum 52A vegetative cells following 
growth in a medium containing sodium dibydrogen (32P]-pyro
phosphate. Journal of Food Protection (1986) 49 (5) 352-354 
[En, 19 ref., I fig., I tab.] Dep. Food Sci., Univ. Minnesota, St. 
Paul, MN 55108, USA. 

The association of !32P] with C. botulinum 52A following 
growth in a medium containing either sodium dihydrogcn [32P]
pyrophosphate ([ 32P]-SAPP) or sodium dihydrogen [32P]
orthophosphate ([ 32P]-orthophosphate) was studied. Absor
bency measurements at 630 nm were used in addition to [32P] 
recovery in determining [32P] association with cellular growth 
and metabolism. Radiolabclling experiments showed [32P]
orthophosphate was associated with vegetative cells during log
arithmic growth, yet was released once stationary phase was 
attained or upon lysis. [32P]-SAPP was also associated with cells 
during growth, but was not released once stationary phase was 
attained. Results suggested [32P]-SAPP continued to bind cells 
or other metabolic materials following attainment of the statio
nary phase of cells. Fractionation of 24 and 48 h-old cultures 
grown in the presence of [32P]-SAPP showed a higher percent
age of [32P] associated with the RNA fraction (3.91 and 2.48%, 
respectively) compared with the DNA fraction (0.09 and 
0.07%, respectively). 

1840 MCCLURE, P. J.; ROBERTS, T. A. Detection of growth 
of Escherichia coli on two-dimensional diffusion gradient plates. 
Letters in Applied Microbiology (1986) 3 (2) 53-56 [En, 6 ref., 
2 fig.] Agric. Food Res. Council, lnst. Food Res., Bristol Lab., 
Langford, Bristol BSI8 7DY, UK. 

Growth of E. coli on 2-dimensional diffusion gradient 
plates was detected with pH indicators in the medium or by 
staining growth with a biochemical stain, L-alanine-p
nitroanilide, or a respiratory dye, 2-(p-iodophenyl)-3-(p
nitrophenyl)-5-phenyl tetrazolium chloride. Stained growth was 
scanned with a laser densitometer and traces combined in a 
computer to give a three-dimensional semi-quantitative repre
sentation of growth over the gradient plate. 
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Actinomycetes 

See a/so abst. 17 33 

Fungi 

See also absts. 1418, 1444, 1454, 1477, 1483, 1485, 1490, 
1518, 1522, 1524-1526. 1528, 1546, 1576-1579, 1581, 
1584-1585, 1588, 1592-1593, 1598-1599, 1603-1605, 
1609-16/3, 1615-1618, 1620-/622, 1626-1630, /632-
1634, 1636, 1640-/641, 1643-1644. 1646, 1650, 1652, 
1657, 1731-1732, 1734-1735, 1741-1745, 1747-1752, 
1756, 1758-1762, 1777, 1780, 1790, 1793, 18/0, 1812. 
1821-1822, /829-1832, 1834-1835, 1912, /920, 1941-
/942, 1947. /952, 2082 

1841 LEATHAM, G. F.; KIRK, T. K. Regulation of ligni
nolytic activity by nutrient nitrogen in white-rot basidiomycetes. 
FEMS Microbiology Letters (1983) 16, 65-67 [En, II ref.] 
FPL, USDA For. Serv., Madison, WI 53705, USA. 

Eight fungal species were grown on 3 different nitrogen 
media (low. medium and high nitrogen concn.) in order to inves
tigate whether limiting nitrogen availability stimulates ligni
nolytic activity. Ligninolytic activity was strongly stimulated by 
low nitrogen concn. in Phanerochaete chrysosporium, Ph/ebia 
brevispora and Coriolus versicolor and weakly stimulated in 
Pholiota mutabi/is. Ligninolytic activity in Lentinus edodes 
{Lentinula edodesj and Pleurotus ostreatus (cultivated mush
rooms) was somewhat stimulated by increased nitrogen concn. 

1842 PALMER, J. G.; PAYNE, R. G. The effects ofsupraop
timal temperatures upon North American brown-rot fungi in 
pure culture. Canadian Journal of Forest Research (1986) 16 
(2) 169-176 [En, fr, 29 ref.] Dep. Bioi., Virginia Polytech. Inst. 
& State Univ., Blacksburg, VA 24061, USA. 

Data are tabulated on the growth on agar of91 N. Ameri
can species of brown-rot fungi when incubated at 35, 41, 46 and 
52°C for 16 days and the recovery of species when incubated at 
22°C for 16 days after failing to grow at the higher temp. 
Isolates of 58 species grew at 35°, of20 species at 41 o and of 4 
species at 46°; no isolates grew at 52°. Only isolates of Antrodia 
albida and A. carbonico recovered after exposure to 52°. Spe
cies that destroy wood products included 73% of those likely to 
grow at these higher temp. and 81% of those most likely to 
recover after exposure to high temp. 

1843 JOHNSON, B. R. Sensitivity of some wood stain and 
mold fungi to an inhibitor of chitin synthesis. Forest Products 
Journal (1986) 36 (3) 54-56 [En, 15 ref.] FPL, USDA For. 
Serv., Madison, WI 53705, USA. 

Four species each of moulds and stains were incubated with 
polyoxin at concentrations of I 0 to 4000 p.p.m. (8000 for I 
species). Results showed a low response to the polyoxin by all 
the species; 7 of the 8 species were only inhibited at high con en. 
and I species showed no response even at 8000 p.p.m. 

1844 CANNON, P. F. International Commission on the Tax
onomy of Fungi (ICI'F): name changes in fungi of microbiologi
cal, industrial and medical importance. Part I. Microbiological 
Sciences (1986) 3 (6) 168-171 [En] CAB International Mycol. 
Inst., Kew, Surrey TW9 3AF, UK. 

This is the first of a series intended to inform workers in 
applied mycology of improvements in the classification of their 
fungi and of errors in identification of organisms which are 
likely to cause confusion to non-taxonomists. Name changes 
listed include: Cladosporium resinae, which grows in kerosene 
tanks, to Hormoconis resinae (for the anamorph or conidial 
state) or Amorphotheca resinae (for the teleomorph or for the 
fungus in all its forms); Cephalosporium to Acremonium; 
Epicoccum purpurascens to E. nigrum; Saccharomyces /actis, a 
contaminant in the dairy industry, to Kluyveromyces marxi
anus var. /actis; Oospora lactis, frequently isolated from milk 
and milk products, to Geotrichum candidum; Lenlinus edodes, 
the shiitake mushroom, to Lentinula edodes; and Mucor pusi/
lus, the human and animal pathogen, to Rhizomucor pusillus. 
Misidentifications listed include: Poly porus squamosus (PS-64) 
used as a producer of food biomass, which is actually Fusarium 
sambucinum var. ossicola; Aspergillus candidus and A. 
candidus var. amylolyticus used in the brewing industry, which 
have been reidentified as A. oryzae var. brunneus; and 
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Trichoderma viride (IMI 45553ii) which is used in mould 
growth testing, which should be referred to as Glioc/adium 
virens. 

1845 HAYASHIDA, S.; MO, K. Production and characteris
tics of A¥icel-disintegrating endoglucanase from a protease-neg
ative Humicola grisea var. thermoidea mutant. Applied and 
Environmental Microbiolozy (1986) 51 (5) 1041-1046 [En, II 
ref., 7 fig., 3 tab.] Dep. Agnc. Chern., Kyushu Univ., Fukuoka 
812, Japan. 

The isolation of a protease-negative mutant from H. grisea 
var.thermoidea YH-78 and the production. purification and 
properties of Avicel-disintegrating endoglucanase from it are 
described. For comparison, results with a high-protease mutant 
are presented. 

1846 KALRA, M. K.; SIDHU, M.S.; SANDHU, D. K. Partial 
purification, characterization and regulation of cellulolytic 
enzymes from Trichoderma longibrachiatum. Journal of 
Applied Bacteriology (1986) 61 (I) 73-80 [En, 31 ref., 5 fig., 2 
tab.] Dep. Bioi., Guru Nanak Dev Univ., Amritsar-143005, 
India. 

The purification and characterization of cellulolytic 
enzymes from T. longibrachiatum, their saccharification capac
ities and repression of these enzymes by glycerol is described. 

1847 EAMUS, D.; JENNINGS, D. H. Turgor and fungal 
growth: studies on water relations of mycelia of Serpula 
Jacrimans and Phallus impudicus. Transactions of the British 
Mycological Society (1986) 86 (4) 527-535 [En, 25 ref., 10 fig., 
2 tab.] Bot. Dep., Univ., Liverpool L69 3BX, UK. 

The influence of substratum water potential on the growth 
of S. /acrimans and P. impudicus was investigated. Two meth
ods of adjusting the water potential of the substratum were 
used; both gave qualitatively similar results. Linear growth rate 
decreased with substratum water potential. The turgor potential 
at the mycelial front and linear growth rate were positively 
correlated in both species on both media. An experiment con· 
cerned with growth from a medium of high water potential to 
one of lower water potential and vice versa produced results 
consistent with those obtained for growth on a single medium. 

1848 MoLSKNESS, T. A.; Auc, M.; GoLD, M. H. Charac
terization of leucine auxotrophs of the white rot basidiomycete 
Phanerochaete chrysosporium. Applied and Environmental 
Microbiology (1986) 51 (6) 1170-1173 [En, 26 ref., I fig., 3 
tab.] Dep. Chern. Bioi. Envir. Sci., Oregon Graduate Cent., 
Beaverton, OR 97006-1999, USA. 

Six leucine auxotrophic strs. of P. chrysosporium were 
characterized genetically and biochemically. Complementation 
studies involving the use ofe heterokaryons identified 3 leucine 
complementation groups. Since all of the leucine auxotrophs 
grew on minimal medium supplemented with a-ketoisocaproate 
as well as with leucine, the transaminase catalyzing the last step 
in the leucine pathway was apparently normal in all strs. There
fore, the wild-type, auxotrophic, and several heterokaryotic 
strains were assayed for the activities of the other enzymes 
specific to leucine biosyntheis. Leu2 and Leu4 strains (comple
mentation group I) lacked only a-isoprophylmalate synthase 
activity; Leu3 and Leu6 strains (group III) lacked isopropylma
late isomerase activity; and Leu I and Leu5 strains (group II) 
lacked !l-isopropylmalate dehydrogenase. Heterokaryons 
formed from leucine auxotrophs of different complementation 
groups had levels of activity for all three enzymes similar to 
those found in the wild-type strain. 

1849 DANIEL, D.; DUBE, H. C. Cellulase and !l-glucosidase 
production by Penicillium expansum- Indian Phytopathology 
(1983, reed. 1986) 36 (4) 738-740 [En, 9 ref., I tab.] Dep. 
Biosciences, Sardar Patel Univ., Vallabh Vidyanagar 388 120, 
India. 

Evidence is presented that this fungus, the agent of soft rot 
of stored apple, can cause complete cellulolysis, from attacking 
crystalline cellulose up to the release of monomers. Carbox
ymethylcellulose was a better enzyme inducer than cellulose 
powder or filter paper pulp. 

1850 KROPP, B. R.; CORDEN, M. E. Morphology and taxon
omy of Pachnocybeferruginea. Mycologia (1986) 78 (3) 334-
342 [En, 13 ref., 18 fig., I tab.] Dep. Bot. Pl. Path., Oregon 
State Univ., Corvallis, OR 97331, USA. 
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This fungus isolated from Pseudotsuga menziesii utility 
poles in western Oregon occurred in 2 forms. Both consisted of 
dikaryotic mycelium that gave rise to brown capitate basidio
carps. However, one form had associated blastic-sympodial 
conidia, larger basidiocarps, chlamydospores and a slower 
growth rate. Single uninucleate bas1diospores of both forms 
produced dikaryotic mycelium with simple septal pores and 
holobasidia in which karyogamy and meiosis occurred. Thus, P. 
ferruginea has a primary homothallic life cycle. Spores from 
conidial isolates gave rise to both basidiocarps and the conidial 
form demonstrating that the conidial form is the anamorph of P. 
ferruginea. Nevertheless, results suggest that the P. ferruginea 
variants form a single pleomorphic sp. corresponding to pub
lished descriptions of P. ferruginea but with an anamorphic 
stage. The sp. should be placed in the Chionosphaeraceae. 

Algae and Lichens 

See also absts. 1658, 1823, /940 

Insects 

See also absts. 1436-1437, 1491-1494, 1496-1502, 1504-
1507, 1509-1512, 1516-1517, 1519-1521, 1531-1534, 
1536-1545, 1547-1554, 1556-1559, 1562-1574, 1582, 
1586-1587, 1589-159/, 1597, 1607-1608, 1614, 1623-
1624, 1638, 1645, 1647, 1651, 1728-1730, 1738, 
1763-1772, 1774, 1780, /815-1816, 1824, 1916, 1919-
1930, /932-1939, 1948, 1951, 2071, 2076, 2080-2081 

1851 WHITE, N.D. G.; LOSCHIAVO, S. R. Testing for mala
thion resistance in field-collected populations of Cryptolestes 
ferrugineus (Stephens) and factors affecting reliability of the 
tests. Journal of Economic Entomology (1985) 78 (3) 511-515 
[En, 13 ref.] Agriculture Canada Research Station, Winnipeg, 
Manitoba, R3T 2M9, Canada. 

Twenty-three strains of Cryplolestes ferrugineus were col· 
lected in 1982-83 from grain stored on farms in the prairie 
provinces of Canada and in Minnesota. A further 15 strains 
were collected from primary grain elevators within a 48-km 
radius of Winnipeg, Manitoba, in July-August 1984. A tenta
tive discriminating concentration of malathion of 0.0091 mg 
a.i.fcm2 on filter paper based on probit regressions for 4labora· 
tory strains was used to test the strains collected from farms. 
Individuals of 10 strains were not incapacitated at this concen· 
tration. A reliable discriminating concentration of 0.0130 
mgfcm2 with a 5-h exposure at 25°C gave complete knockdown 
of all 38 strains. None ofthe strains was resistant to malathion. 
Subsequent studies on the reliability of the resistance tests indi
cated that treated filter papers wrapped in aluminium foil could 
be stored for 24 weeks at -25 or soc with only slight loss of 
insecticide as determined by bioassay with Tribolium cas· 
taneum and chemical assay. About 20 and 30% of malathion 
broke down at 25 and 30°C, respectively, during the 24-week 
storage period. Transfer by pipette of malathion dissolved in 
Risella oil resulted in malathion deposits 15-35% lower than 
intended, probably because of the poor solubility of this insecti
cide in Risella oil and retention of oil in the pipette when follow· 
ing the standardized method. Acetone used as the primary 
solvent gave 94% of the intended deposit on filter papers. 

1852 AGRICULTURE CANADA Insect control in the home. 
Publication, Agriculture Canada (1985) No. 1736/E, 18 pp. 
ISBN 0-662-13638-1 [En, 27 fig.] 

Notes are provided on the biology, injuriousness and con
trol of household arthropods in Canada, including stored-prod
uct pests, ticks, cockroaches, mites, various flies, mosquitoes, 
crickets, fleas, lice, ants and insects that attack house plants. 

1853 KRISHNA, S. S.; MISIIRA, S. N. A behavioural assess
ment of the impact of some emrironmental and physiological 
factors on the reproductive potential of Corcyra cephalonica 
(Stainton) (Lepidoptera: Pyralidae). Proceedings of the Indian 
Academy of Sciences, Animal Sciences (1985) 94 (3) 249-264 
[En, 34 ref., 3 fig.] Department of Zoology, University of 
Gorakhpur, Gorakhpur 273 00 I, India. 

The effects of photoperiod, space, population density, food 
(seeds or flour of rice or sorghum), time of mating, age and sex 
ratio on the reproductive potential of the stored-product pest 



Corcyra cepha/onica in laboratory populations are described, 
with special reference to behavioural aspects. 

1854 AL·AZAWI, A. F.; EL-HAIDARI, H. S.; AZIZ, F. M.; 
MURAD, A. K.; AL·SAUD, H. M. The effect of high tempera
lures on the dried fruit beetle Carpophilus hemipterus L., a pest 
of stored dates in Iraq. Date Palm Journal (1984, reed. 1986) 3 
(I) 327-336 [En, ar, 17 ref.] Plant Protection Department, 
College of Agriculture (Abu-Ghraib), Baghdad University, 
Iraq. 

All stages of the stored date pest Carpophilus hemipterus 
were exposed in the laboratory in Iraq to temperatures of 40, 45, 
50, 55 and 6o•c for different periods in order to determine the 
exposure time required for 100% kill of each stage. Complete 
mortality was obtained at these temperatures after exposure 
times of 1080, 240,25, 10 and 5 min, respectively, for eggs I day 
old; 5760,240, 35, 17 and 10 min for larvae 10-12 days old; 
4320,210,30,20 and 15 min for pupae 1-3 days old; 7200,240, 
60, 15 and 10 min for adults 1-3 days old; and 9060,480,25,20 
and 10 min for adults I month old. The LT50s and LT95s were 
calculated for each stage and temperature. 

1855 TREMATERRA, P.; GALLI, A. (On the feeding habits of 
the larvae of Pyralis farina/is (L.).] Sulle abitudini alimentari 
delle larve di Pyralis farina/is (L.). In Atti XIV Congresso 
Nazionale Italiano di Entomo/ogia sotto gli auspici 
dei/'Accademia Nazionale Jtaliana di Entomologia, della Soci
etil Entomologica Jta/iana e della International Union of Bio
logical Sciences. Palermo - Erice - Bagheria, 28 maggio- I 
giugno 1985. Palermo, Italy; Accademia Nazionale Italiana di 
Entomologia (1985) 543-550 [It, en, 16 ref.] Jstituto di 
Entomologia Agraria, Universit:i degli Studi, Milan, Italy. 

Study of the biology of Pyralis farina/is (which was found 
in flour) m Italy showed that the pyralid larvae could develop 
beyond the 1st instar only on maize or wheat flours, meadow hay 
or an artificial diet that had been contaminated with fungi or 
yeasts, and that cereal products not susceptible to mould inva
sion were not attacked. These findings were confirmed by analy· 
sis of the contents of the larval alimentary tract, which were 
found to include microfungi, yeasts and bacteria. 

1856 CALDERON, M.; BRUCE, W. A.; LEESCH, J. G. Effect 
of UV radiation on eggs of Tribolium castaneum. Phytoparasit
ica (1985) 13 (3-4) 179-183 [En, 7 ref., I fig.] Department of 
Stored Products, Agricultural Research Organization. Volcani 
Center, Bet Dagan, Israel. 

Eggs of Tribolium castaneum l-4 days after hatch were 
exposed to ultraviolet (UV) radiation from a 15-W germicidal 
lamp emitting energr at the 254 nm wavelength with an inten
sity of 600 ,.w fern. Mortality was assessed by determining 
hatch of eggs and survival of larvae 14 days after exposure. 
Older eggs were found to be more susceptible to UV radiation 
than younger ones. The results also showed a trend towards 
higher mortality when recorded after 14 days compared with 
mortality determined by egg hatch. 

1857 CREDLAND, P. F.; DICK, K. M.; WRIGHT, A. W. Rela
tionships between larval density, adult size and egg production in 
the cowpea seed beetle, Callosobruchus maculatus. Ecological 
Entomology (1986) 11 (I) 41-50 [En, 17 ref., 5 fig.] Depart· 
ment of Zoology, Royal Holloway & Bedford New Cof!ege, 
University of London, Englefield Green, Surrey, TW20 9TY, 
United Kingdom. 

Strains of Ca//osobruchus maculatus from Brazil and 
Nigeria could produce more than 12 adults from a cowpea 
(Vigna unguiculata) seed bearing numerous eggs, whereas a 
strain from the Yemen Arab Republic rarely produced more 
than 3. In all 3 strains, the mean weight of the adults produced 
from a single cowpea seed declined with increasing initial larval 
density in the seed. Egg production by females was positively 
correlated with their weight at the time of mating, shortly after 
emergence. Lifetime egg production by females of the Brazilian 
and Nigerian strains was lower if they came from cowpeas with 
higher initial larval densities. No such relationship was demon
strated in the Yemen strain. The fecundity of I generation of 
these beetles, at least in some geographical strains, is signifi
cantly affected by the number of larvae entering the hosts in 
which the adults of that generation have developed. 
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1858 BAKER, J. E. Amylase/proteinase ratios in larval mid
guts of ten stored-product insects. Entomologia Experiment a/is 
et App/icata (1986) 40 (1) 41-46 [En, fr, 31 ref.] Stored-Prod
ucts Insects Research & Development Laboratory, ARS, 
USDA, Savannah, Georgia 31403, USA. 

Amylase/proteinase ratios in homogenates of isolated mid· 
guts of 4 granivorous beetles, Sitophilus oryzae, S.!ranarius, 
Tenebrio molitor and Triho/ium castaneum, that fee primarily 
on cereals or cereal products, were extremely high relative to 
those of Dermestes maculatus, Attagenus unico/or, Anthrenus 
jlavipes and Tinea/a bissel/fel/a. The latter 4 species, which can 
feed and develop on diets of animal products or foods with 
relatively high protein content, had higher general proteinase 
(caseinolytic activity) and aminopeptidase activity and much 
higher proteinase/amylase ratios than the granivorous beetles. 
Larvae of Anagasta kuehniel/a [Ephestia kuehniel/a] and 
Plodia interpunctella had much lower amylase levels and higher 
proteinase levels than S. oryzae, S. granarius, Tenebrio molitor 
or Tribolium castaneum. These moth larvae also feed on cereals 
and cereal products but have more varied feeding habits than 
the Coleoptera. The enzymology related to initial stages of 
digestion of large food polymers reflects the biochemical adap· 
tion of these stored-product insects to their preferred food. 

1859 GoNzALEZ VALENZUELA, M.; ROCHE, R.; SIMANCA, M. 
E. [Life cycle of Zabrotes subfasciatus (Coleoptera: 
Bruchidae), a pest of stored seeds.] Cicio de vida de Zabrotes 
subfasciatus (Coleoptera: Bruchidae), plaga de granos 
almacenados. Ciencias de Ia Agricultura (1984, reed. 1986) 
No. 21,25-30 [Es, en, 9 ref., 2 pl., 2 fig.] lnstituto de Investiga
ciones en Agricultura Tropical 'Alejandro de Humboldt', 
Academia de Ciencias de Cuba, Cuba. 

In laboratory studies in Cuba carried out at averages of 
20-27°C and 76% RH on the biology of the bruchid Zabrotes 
subfasciatus, an important pest of stored beans, the complete 
life cycle from oviposition to adult emergence lasted 23-54 
days (average 37.8±0.43 days) for females and 23-57 (aver
age 37.5 ±0.47 days) for males. There were 4larval instars, and 
the egg and larval stages together were completed in 14-17 
days at 27°C or 24-27 days at 22°C. Most adults emerged 
from the beans 26-27 or 45-47 days after oviposition. Adult 
females lived for 3-20 (average about 12) days and adult males 
for 3-26 (average about 13) days. 

1860 HODGES, R. J. The biology and control of Pros
tephanus truncatus (Horn) (Coleoptera: Bostrichidae) - a 
destructive storage pest with an increasing range. Journal of 
Stored Products Research (1986) 22 (I) 1-14 [En, 87 ref.] 
Tropical Development & Research Institute, Storage Depart· 
ment, Slough, Berks, SL3 7HL, United Kingdom. 

A comprehevsive review is presented on the biology and 
control of Prostephanus truncatus, a major pest of farm-stored 
maize and dried cassava. Originally indigenous to Mexico and 
Central America. P.truncatus has recently been introduced and 
become established in parts of East and West Africa where it 
has caused severe damage to farm-stored maize. It can cause far 
greater losses than those associated with traditional storage 
pests. Biological data show that P. truncatus has the potential to 
spread still further in Africa and to other tropical and sub
tropical regions. Every effort should by made to prevent this 
happening. 

1861 HEATHER, N. W. Sex-linked resistance to pyrethroids 
in Sitophilus oryzae (L.)(Coleoptera: Curculionidae). Journal of 
Stored Products Research (1986) 22 (I) 15-20 [En, 12 ref. I 
fig.] Department of Primary Industries, lndooroopilly, Queen· 
sland 4068, Australia. 

Selection of Sitophilus oryzae in the laboratory over 25 
generations using permethrin and deltamethrin resulted in resis
tance levels of X256 and X98, respectively. Crossing experi
ments indicated that inheritance of this resistance was sex· 
linked. and a probable relationshi_p with DDT resistance is dis
cussed. A classical knockdown effect was observed, with most 
insecticide·intoxicated individuals recovering after removal 
from contact with the treated substrate. Each resistant strain 
exhibited high levels of cross-resistance to the other selection 
insecticide and to bioresmethrin, phenothrin, cypermethrin and 
fenvalerate, i.e. representatives of each of the major chemical 
substitution groupings within the pyrethroids. 
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1862 CREDLAND, P. F. Effect of host availability on repro
ductive performance in Cal/osobruchus maculatus (F.) (Coleop
tera: Bruchidae). Journal of Stored Products Research (I 986) 
22 (I) 49-54 [En, 12 ref., I fig.] Department of Zoology, Royal 
Holloway & Bedford New College, University of London, 
Englefield Green, Surrey, TW20 9TY, United Kingdom. 

The number of eggs laid by individual females of Cal
losobruchus macu/atus usually depended upon the number of 
cowpeas (Vigna unguiculata) to which they had sole access. 
Strains from Brazil and the Yemen Arab Republic laid more 
eggs on 40 than on either 5 or I 0 cowpeas, but showed no further 
increase when offerd 100 or 140. Females of a Nigerian strain 
laid insignificantly different numbers of eggs when offered 5 or 
more cowpeas. The number of adults produced from the eggs 
laid by individual females on different numbers of cowpeas 
varied with the number of cowpeas and the strain which the 
females represented. The Yemen strain was restricted to pro
ducing a mean of around 1 adult from each cowpea bearing at 
least I egg, and therefore the number of adult progeny of each 
female increased steadily with the number of cowpeas on which 
the eggs were laid. The Nigerian strain produced more adults 
when eggs were laid by individual females with access to 40 
cowpeas rather than 5 or 10, but no further increase occurred if 
females had more cowpeas available to them. The Brazilian 
strain required I 00 cowpeas for each female to produce a maxi
mum number of adult progeny. It is concluded that conditions 
for the determination of maximum fecundity and adult progeny 
production are dilferent within and between strains. This is of 
particular importance when data arc to be used in population 
modelling and because it indicates the inherent variability in 
bionomic factors within this pest species. 

1863 Su, H. C. F. Laboratory evaluation of biological activ
ity of Cinnamomum cassia to four species of stored-product 
insects. Journal o( Entomological Science (1985) 20 (2) 247-
253 [En, II ref.] Stored-Product Insects Research & Develop
ment Laboratory, ARS, USDA, Savannah, Georgia 31403, 
USA. 

The biological activity of an oil and an acetone extract of 
the dry bark of Chinese cinnamon (Cinnamomum cassia) 
against adults of the stored products insects Cal/osobruchus 
maculatus, Sitophi/us oryzae, Lasioderma serricorne and 
Tribo/ium confusum was evaluated in laboratory tests in the 
USA. Topical applications of the bark extract had practically 
no contact toxicity to C. maculatus and T. confusum at doses of 
up to 50 Jtg/insect but exhibited weak toxicity to S. oryzae and 
L. serricorne 48 h after treatment. Similar treatment with the 
oil showed no toxicity to C. maculatus, very weak toxicity to T. 
confusum and moderate toxicity to S. oryzae and L. serricorne 
at 30 and 50 !lg/insect, respectively. Applications of both the 
bark extract and the oil to wheat grain at concentrations of0.05, 
0.1 and 0.2% by weight showed significant repellency to S. 
oryzae adults, the oil being more repellent than the extract. 
Repellency generally decreased as the concentration decreased. 
Both the extract and the oil were repellent to T. confusum when 
applied to paper. At application rates of 400 and 600 l'g/cm2, 
the extract showed a class III average repellency for 4 months. 
The oil exhibited only a class II average repellency for 4 months 
at the same dosages, its repellency deteriorating at a faster rate. 

1864 SHUKLA, R. M.; SRIVASTAVA, A. S. Some biological 
comparisons of insecticide resistant and susceptible strains of 
Cadra cautel/a Walker. Plant Protection Bulletin, India (1982, 
reed. 1984) 34 (1/2) 21-23 [En, 8 ref.] Dep. Entomology, C.S. 
Azad Univ. Agric. & Tech., Kanpur, Uttar Pradesh, India. 

The mean incubation period of eggs of a strain of Cadra 
cautella (Ephestia cautel/a] susceptible to insecticides was 2.7 
days at 30•c and 75% RH; the duration of the larval stages was 
18.9 days and of the pupal stage 6.5 days when wheat flour was 
given as food. A mean of 223.5 eggs/female were laid. The 
larval developmental period lasted 17.5 days in a malathion
resistant (R-m) strain and 22.6 in a lindane-resistant (R-1) 
strain. The duration of the egg stage was 2.9 days in the R-1 
strain, which is not significantly different from the 2.7 days of 
the R-m strain. Females of the R-m strain laid an average of 
158.9 eggs each, and those of the R-1 strain 179.3. The duration 
of the pupal stage did not differ significantly between the 
strains. 
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1865 KRAMER, K. J.; BEEMAN, R. W.; SPEIRS, W. E.; BURK· 
HOLDER, W. E.; McGOVERN, T. P. Effects of 2-tridecanone 
and analogues on the reproduction and mortality of stored prod
uct insects. Journal of the Kansas Entomological Society 
(1985) 58 (2) 254-260 [En, 16 ref.] US Grain Marketing 
Research Laboratory, ARS, USDA, Manhattan, Kansas 
66502, USA. 

The effects of 2-tridccanone and 31 of its analogues on the 
reproduction and mortality of stored-products insects were 
determined in the laboratory in the USA. The parent compound 
suppressed progeny development (in the larval stage) of 
Sitophilus granarius, S. zeamais and S. oryzae but had no 
effect on Tribo/ium confusum, T. castaneum, Rhyzopertha 
dominica, Oryzaephilus surinamensis, Plodia interpuncte/la or 
Ephestia cautel/a. It was repellent to S. granarius at 100 and 
500 p.p.m. on wheat. Of the 31 structural analogues or deriva
tives tested, only 2-tridecyl acetate was more effective than 2-
tridecanone, having an acute toxicity to all the insects when 
mixed with wheat-based diets or used to impregnate filter pa12er; 
it may have potential as a stored-products protectant agamst 
insects. 

1866 THOMPSON, J. Carpet beetles. Agfacts (1983, reed. 
1986) No. AE7, 2 pp. [En, 2 fig.] Entomology Branch, Biologi
cal & Chemical Research Institute, Rydalmere, New South 
Wales, Australia. 

Notes are provided on the recgnition, biology, injuriousness 
and control of the dermestids Anthrenus verbasci and 
Attagenus unicoi or in carpets and stored products in New South 
Wales. 

1867 GREENING, H. G. Warehouse beetle. Agfacts (1983, 
reed. 1986) No. AE. 16, 3 pp. [En, 6 col. fig.] Entomology 
Branch, Biological & Chemical Research Institute, Rydalmerc, 
New South Wales, Australia. 

Notes are provided on the recognition, biology, injurious
ness, distribution and control of Trogoderma variabile, a pest of 
stored seeds and cereals that was first noticed in New South 
Wales in 1977. Eradication was attempted in 1977-81 but was 
unsuccessful, and legislation that was subsequently introduced 
to control the dermestid is outlined. 

1868 THOMPSON, J. Cigarette beetle and drugstore beetle. 
Agfacts (1983, reed. 1986) No. AE.25, I p. [En, 2 fig.] Ento
mology Branch, Biological & Chemical Research Institute, 
Rydalmere, New South Wales, Australia. 

Notes are provided on the recognition, biology, injurious
ness and control of Lasioderma serricorne and Stegobium 
paniceum in stored products in New South Wales. 

1869 KRISHNARAJAH, S. R.; GANESALINGAM, V. K.; 
SENANAYAKE, U. M. Repellancy and toxicity of some plant 
oils and their terpene components to Sitotroga cerealel/a (Oli
vier), (Lepidoptera, Gelechiidae). Tropical Science (1985) 25 
(4) 249-252 [En, 14 ref., I fig.] Department of Zoology, Univer
sity of Jaffna, Sri Lanka. 

The repellency and toxicity of several locally available 
plant products to Sitotroga cerealella, a major pest of stored 
rice, were studied in the laboratory. A combination of oils of 
citronella and Vitex negundo at a ratio of 1: I was the most 
effective of the substances tested in causing knockdown and 
inactivation of S. cereal ella. p-Cymcne was the most effective of 
the terpenes tested in relation to knockdown, inactivation and 
mortality. The most effective repellent was tl-pinene. 

1870 THOMPSON, J. Silverfish. Agfacts (1983, reed. 1986) 
No. AE.27, I p. [En, I fig.] Entomology Branch, Biological & 
Chemical Research Institute, Rydalmere, New South Wales, 
Australia. 

Notes are provided on the recognition, biology, injurious
ness and control (with unspecified insecticidal sprays) of Cte
nolepisma /ongicaudata (a household and office pest of 
materials containing paste, glue and starch) in New South 
Wales. 

1871 THOMPSON, J. Indian meal moth. Agfacts (1984, 
reed. 1986) No. AE.35, 2 pp. [En, I fig.] Entomology Branch, 
Biological & Chemical Research Institute, Rydalmere, New 
South Wales, Australia. 



Notes are provided on the recognition, biology, injurious
ness and control of the stored products pest Plodia 
interpunctella in New South Wales. 

1872 CIOBANU, M. [Observations on the diapause of the 
dried fruit moth Plodia interpunctel/a Hb. (Lcpidoptera-Phyci
tidae).] Observatii asupra diapauzei moliei fructelor uscate 
Plodia interpunctella Hb. (Lep1doptera-Phycitidae). Prob/eme 
de Proteqia Plante! or (I 984, reed. 1986) 12 (I) 15-20 [Ro, en, 
7 ref.] Centrul de Cercetari pentru Proteqia Plantelor Bucu
re~ti. 71592 Bucharest, Romania. 

A homogeneous population of the pyralid Plodia 
interpunctella reared in the laboratory in Romania on different 
diets at 25 or 30"C and LD 12:12 or LD 16:8 showed diapause 
in all these conditions, except for larvae fed on raisins or an 
artificial diet devised by M. H. Haydak, which did not enter 
diapause when reared at 25°C and had a low incidence of 
diapause (5%) at 30"C. This indicates the importance of food as 
well as temperature and photoperiod in the occurrence of dia· 
pause. Males and females reacted differently to the different 
diets, especially when the general incidence of diapause was low, 
and the relative numbers of diapausing males and females were 
equal only on a diet of dried apricots. 

1873 HAGSTRUM, D. W. The population dynamics of 
stored-products insect pests. In Proceedings oft he Third Inter
national Working Conference on Stored-Product Entomology. 
October 23-28, 1983, Kansas State University, Manhattan. 
Kansas USA. Manhattan, Kansas, USA; Kansas State Univer
sity (1984, reed. 1986) 10-19 [En, 31 ref.] Insect Attractants, 
Behavior, & Basic Biology Research Laboratory, ARS, USDA, 
Gainesville, Florida 32604, USA. 

A distinction is made between surveys of stored products 
insect pests in which only a single set of samples is taken and the 
study of population dynamics in which changes in population 
levels are measured. The population dynamics of 3 species are 
reviewed. Studies on Silophilus zeamais provide an example of 
preharvest infestation by storage pests and competitive displace
ment along a latitudinal temperature gradient. Studies on the 
pyralid Ephestia cautel/a ilustrate the importance of diapause 
and natural enemies, allow a comparison of growth rates on 
different commodities, and elucidate the dynamics of popula
tions existing on food residues in empty warehouses. The 
dynamics of laboratory populations of E. cautella and the 
tcnebrionid Tribolium castaneum are contrasted with those of 
field populations. 

1874 BURKHOLDER, W. E. Stored-product insect behavior 
and pheromone studies: keys to successful monitoring and trap
ping. In Proceedings of the Third International Working Con
ference on Stored-Product Entomology. October 23-28. 1983. 
Kansas State University, Manhattan, Kansas USA. Manhat
tan, Kansas, USA; Kansas State University (1984, reed. 1986) 
20-33 [En, 29 ref., 3 fig.] Department of Entomology, Univer
sity of Wisconsin, Madison, WI 53706, USA. 

This review includes illustrated accounts of traps made of 
corrugated paper (baited with pheromones and/or food 
attractants, and effective against various Coleoptera) and a new 
grain probe pheromone trap for beetles. Adhesive traps. funnel 
traps, and trap placement and the interpretation of trap catches 
are also discussed. 

1875 SPILMAN, T. J. Identification of larvae and pupae of 
the larger grain borer, Prostephanus truncatus (Coleoptera, Bos
trichidae), and the larger black flour beetle, Cynaeus angustus 
(Coleoptera, Tenebrionidae). In Proceedings oft he Third Inter
national Working Conference on Stored-Product Entomology. 
October 23-28. 1983, Kansas State University, Manhallan. 
Kansas USA. Manhattan, Kansas, USA; Kansas State Univer· 
sity (1984, reed. 1986) 44-53 [En, 8 ref., 26 fig.] Systematic 
Entomology Laboratory, IIBIII, ARS, USDA, Washington, 
DC 20560, USA. 

Characters for identifyng the larvae and pupae of the 
stored product insect pests Prostephanus truncatus and 
Cynaeus angustus are described and adequately illustrated for 
the first time. 
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1876 SMITH, R. H.; HOWARD, D. C. Design and analysis of 
competition experiments in stored-product entomology. In Pro
ceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, 1983, Kansas 
State University. Manhattan. Kansas USA. Manhattan, Kan
sas, USA; Kansas State University ( 1984, reed. 1986) 54-67 
[En, 29 ref., 5 fig.] Department of Pure & Applied Zoology, 
University of Reading, Berks., RG6 2AJ, UK. 

Competition and other population interactions are fre
quentl_y suggested as possible explanations for the observed dis
tributiOns of pests, although many stored-products 
entomologists believe that the importance of competition is 
often exaggerated. The usual approach in experiments is to 
record the development of mixed species populations over many 
generations. An alternative experimental approach, based on 
the replacement series design developed by agricultural bota
nists, can provide equivalent information in a single generation. 
Aspects of the design and interpretation of replacement series 
experiments are discussed, with reference to some of the classi
cal experiments on competition between stored-product pests. 

1877 OSMAN, N. B.; WRIGHT, V. F.; MILLS, R. B. The 
effects of rearing temperatures on certain aspects of the biology 
of Corcyra cepha/onica (Stainton), the rice moth. In Proceed
ings of the Third lnternalional Working Conference on Stored
Product Entomology. October 23-28. /983. Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 99-106 [En, 7 ref.] 
Department of Entomology, Kansas State University, Manhat
tan, KS 66506, USA. 

The biology of the stored-products pest Corcyra cephalon
ica was investigated in the laboratory at 28, 30 and 32°C in the 
laboratory. At the highest temperature, development was accel
erated and the generation time reduced, with no significant 
adverse effects on fecundity and survival. 

1878 PIERCE, A. M.; PIERCE, H. D., JR.; MILLAR, J. G.; 
BORDEN, J. H.; 0EHI.SCHLAGER, A. C. Aggregation pher
omones in the genus Oryzaephilus (Coleoptera: Cucujidae). In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, I983, Kansas 
State University. Manhallan. Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 107-120 
[En, 14 ref., 6 fig.] Department of Chemistry, Simon Fraser 
University, Burnaby, British Columbia, V5A 1S6, Canada. 

The silvanids Oryzaephi/us surinamensis and 0. mercator 
utilize male-produced macrolide aggregation pheromones. 
These were isolated and identified and their structures are 
presented. Using a laboratory aeration system, pheromone pro
duction was examined in beetles of known age held at varrous 
population densities in mixed-sex cultures. As compared with 0. 
mercator. pheromone production by young males of 0. 
surinamensis decreased with crowding of conspecifics. These 
results are discussed in relation to the density-dependent olfac
tory response demonstrated by 0. surinamensis to normally 
attractive semiochemicals in a 2-choice laboratory bioassay. 

1879 PIERCE, H. D., JR.; PIERCE, A. M.; MILLAR, J. G.; 
WONG, J. W.; VERIGIN, V. G.; 0EIILSCIILAGER, A. C.; BORDEN, 
J. H. Methodology for isolation and analysis of aggregation 
pheromones in the genera Cryptolestes and Oryzaephilus (Cole
optera: Cucujidae). In Proceedings of the Third International 
Working Conference on Stored-Product Entomology. October 
23-28, 1983, Kansas State University, Manhattan, Kansas 
USA. Manhattan, Kansas, USA; Kansas State University 
(1984, reed. 1986) 121-137 [En, 15 ref., 2 fig.] Department of 
Chemistry, Simon Fraser University, Burnaby, British Colum
bia, V5A 1S6, Canada. 

Methods using Porapak-Q trapping techniques for collect
ing macrolide aggregation pheromones of Crypto/estes spp. and 
Oryzaephilus spp. are described and discussed. Aeration of 
feeding beetles was found to be the best method for collecting 
the pheromones, but frass from rearing cultures was an alterna
tive source of pheromones for several species of Cryptolestes. 
Tentative schemes for the biosynthesis of the macrolides are 
presented. 
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1880 KRAMER, K. J.; MORGAN, T. D.; ROSELAND, C. R.; 
HOPKINS, T. L.; BEEMAN, R. W. Regulation of cuticle pigmen
tation and sclerotization in red and black strains of the red Hour 
beetle, Tribolium castaneum. In Proceedings of the Third Inter
national Working Conference on Stored-Product Entomology. 
October 23-28, 1983, Kansas State University, Manhattan, 
Kansas USA. Manhattan, Kansas, USA; Kansas State Univer
sity (1984, reed. 1986) 138-150 (En, 23 ref., 3 fig.] Department 
of Biochemistry, Kansas State University, Manhattan, USA. 

Laboratory experiments on the tenebrionid Tribolium cas
taneum su~ported a hypothesis that the type of pigmentation 
and sclerotlzation in insect cuticle is determmed by the relative 
concentrations of catecholamine precursors incorporated into 
the cuticle during ecdysis. Deficiency of {l-alanine prevented 
normal accumulation of N-,8-alanyldopamine and permitted 
overproduction of dopamine, which was subsequently oxidized 
to melanin. 

1881 HASSAN, N. R.; STEPIEN, Z. Effect of different min
eral salts in food on the respiratory metabolism of Oryzaephilus 
surinamensis (L.) (Coleoptera: Cucujidae). In Proceedings of 
the Third International Working Conference on Stored-Prod
uct Entomology. October 23-28, 1983, Kansas State Univer
sity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 151-168 [En, 12 
ref., 6 fig.) Department of Plant Protection, Zagazig University, 
Egypt. 

Potassium dihydrogen phosphate, ammonium phosphate, 
ammonium nitrate and calcium phosphate increased respiratory 
metabolism in larvae, pupae and adults of the silvanid 
Oryzaephilus surinamensis tn the laboratory. 

1882 ATTIA, F. I. Insecticide and fumigant resistance in 
insects of grain and stored-products in Australia. In Proceedings 
of the Third International Working Conference on Stored
Product Entomology. October 23-28,1983, Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 196-208 [En, 23 
ref.] Biological & Chemical Research Institute, New South 
Wales Department of Agriculture, PMB 10, Rydalmere, NSW 
2116, Australia. 

Resistance to insecticides or phosphine was surveyed in the 
major insect pests of stored grain and other products in New 
South Wales. Cross-resistance studies on organophosphate
resistant strains of Plodia interpunctel/a, Ephestia cautel/a, E. 
kuehniel/a, Rhyzopertha dominica, Tribolium castaneum, T. 
confusum and Oryzaephilus surinamensis showed that some 
populations of these species had developed resistance to most 
msecticides of the different groups. High levels of malathion 
resistance were found in all strains except 0. surinamensis 
(which showed moderate resistance to malathion). E. 
kuehnie/la was susceptible to fenitrothion and dichlorvos, and 
P. interpunctella and E. cautel/a had low resistance to these 2 
compounds. Resistance to dichlorvos was moderate in R. domi
ni ca. T. castaneum and T. confusum but low in 0. surinamen
sis. Resistance to fenitrothion was low in R. dominica and T. 
castaneum, moderate in T. confusum and very high in 0. 
surinamensis. Hydrolases and mixed-function oxidases were 
largely responsible for multiple organophosphate resistance in 
P. interpuncte/la, R. dominica and 0. surinamensis. 

1883 SAXENA, S.C.; YADAV, R. S. A new plant extract to 
suppress the population build-up of TriboUum castaneum 
(Herbst). In Proceedings of the Third International Working 
Conference on Stored-Product Entomology. October 23-28, 
1983, Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University ( 1984, 
reed. 1986) 209-212 [En, II ref.] Department of Zoology, Uni
versity of Rajasthan, Jaipur-302004, India. 

When pairs of newly emerged adults of the tenebrionid 
Tribolium castaneum were fed on wheat flour diets containing 
l, 2 and 4% concentrations of an extract of the flowers of 
Delonix regia, the numbers of eggs laid by the females averaged 
30, 25 and 15, as compared with 95 for no treatment. Egg 
hatching was reduced by 59.18, 76.47 and 82.35%, respectively, 
the preoviposition period was increased, and the oviposition and 
postoviposition periods were reduced. 
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1884 SAXENA, S.C.; RAI, A. K.; SAXENA, P. N.; SAXENA, S. 
Toxicity of a newly synthesized derivative of titanocene dichlo
ride to stored product and household pests. In Proceedings oft he 
Third International Working Conference on Stored-Product 
Entomology. October 23-28, 1983, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 242-245 [En, 3 ref., 6 fig.] 
Department of Zoology, University of Rajasthan, Jaipur-
302004, India. 

When adults of Trogoderma granarium, Tribolium cas
taneum and Periplaneta americana were exposed to films of 
dicyclopentadienylmonochloro(4-benzoyl-2,4-dihydro-5-
methyl-2-phenyl-5H-pyrazolonato-O',O')titanium, the LD50s 
were 0.7173,0.6932 and 0.6273% for the 3 species of insects, 
respectively. Pathological changes to the brain of treated cock
roaches are described and discussed. 

1885 BEEMAN, R. W.; SPEIRS, W. E. Toxicity, persistence 
and antagonism of avermectin B1 against stored-product insects. 
In Proceedings of the Third International Working Conference 
on Stored-Product Entomology. October 23-28, 1983, Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 246-255 
[En, 12 ref.] Department of Entomology, Kansas State Univer
sity, Manhattan, USA. 

Avermectin B1 [abamectin] was found to be extremely 
effective against 6 beetle and 3 moth pests of stored products. At 
a dose of 320 p.p.b. in wheat, all adults of 3 species of Coleop
tera were killed in 3 weeks. For most of the Coleoptera and 
Lepidoptera, 96-100% suppression of progeny was achieved at 
doses of 10-160 p.p.b. The half-life for decay of biological 
activity of the compound on wheat at 12.5% moisture, 80°F and 
60% RH was 3-6 months. Pipcronyl butoxide, when present in 
ground wheat medium in I 0 000-fold excess over abamectin, 
significantly reduced the toxicity of the latter to larvae of one 
species of moth. 

1886 BELL, C. H.; WILSON, S.M.; BANKS, H. J.; SMITH, R. H. 
An investigation of the tolerance of stages of khapra beetle 
(Trogoderma granarium, Everts) to phosphine. In Proceedings 
of the Third International Working Conference on Stored
Product Entomology. October 23-28,1983, Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 329-340 [En, 6 ref., 
3 fig.] MAFF Slough Laboratory, Berks., UK. 

The tolerance of eggs and diapausing larvae of the stored
products pest Trogoderma granarium to phosphine was investi
gated at 3 temperature and humidity conditions in the labora
tory. The egg proved to be the most tolerant stage at 25°C and 
70% RH or 30°Cand45-75% RH,survivingCTproductsof30 
ghjm3 over a 2-day exposure period. A provisional resistance 
detection technique is described using eggs 2-3 days old 
exposed for 20 hat 25°C and 70% RH. At 20°C and 60% RH, 
larvae of 4 freshly obtained stocks were more tolerant than eggs, 
and survived 5-day exposure at doses of up to !50 gh/m3

; eggs 
were all killed by a 3-day exposure to 50 ghjm3. At 20°C, the 
tolerance of larvae to phosphine increased relatively rapidly 
during the 1st and 2nd months of diapause, and then more 
slowly up to the 7th or 8th month. 

1887 CONCONI, J. RAMOS-ELORDUY DE; GARCES, M. C.; 
CUEVA BARAJAS, L. DE LA; MARTINEZ, M. R.; BELTRONES, J. S. 
Comparative effect on life cycle and reproductive degree of 
Oryzaephilus surinamensis L. and Prostephanus truncatus H. 
provoked by the action of a laser light. In Proceedings of the 
Third International Working Conference on Stored-Product 
Entomology. October 23-28, 1983, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 548-571 [En, 12 ref.] 
lnstituto de Biologia, UNAM, Apartado Postal 70-153, 04510 
Mexico, DF, Mexico. 

All stages in the life cycle of the silvanid Oryzaephilus 
surinamensis and the bostrichid Prostephanus truncatus were 
exP'!sed in the laboratory to laser light for periods of I 0-80 min 
(gtving dosages of 60-480 J), either unprotected or in flour or 
grain. Treatment caused heavy mortality and, in surviving 
insects, sterility in the offspring. The immature stages were 
more susceptible to treatment than the adults. Treatment of the 
immature stages interfered with development and metamorpho
sis. Treatment of adults had similar effects on their offspring. 



1888 COGBURN, R. R.; BURKHOLDER, W. E.; WILLIAMS, H. J. 
Efficacy and characteristics of dominicalure in field trapping 
lesser grain borers, Rhyzopertha dominica (F.). In Proceedings 
of the Third International_ Working Conference on Stored
Product Entomology. October 23-28, /983, Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 629-630 [En, 2 ref.] 
Stored-Rice Insects Laboratory, ARS, USDA, Beaumont, 
Texas 77106, USA. 

The natural ratio of the aggregation pheromone of the 
bostrichid Rhyzopertha dominica (an important pest of stored 
rough rice in the southern USA) is one part of dominicalure I 
(DL-1) to 2 parts of dominicalure 2 (DL-2). In field trials with 
pheromone traps in or near known sources of infestation, no 
statistically significant differences in the numbers of adults capa 
tured were found between the components or any mixture 
thereof. Baited traps caught many insects, and unbaited traps 
caught few or none. Further trials showed that pure DL-1 was 
lost faster than pure DL-2; mixing the components retarded the 
loss rate of DL-1 and accelerated that of DL-2. In trials in 
various habitats, including those near farm storages, commer
cial rice fields, pastures and forests, unexplained differences in 
trap catches were found. 

1889 COGAN, P.M.; HARTLEY, D. The effective monitoring 
of stored product moths using a funnel pheromone trap. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, I 983, Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 631-639 
[En, 3 ref., 2 fig.] MAFF Slough Laboratory, Berks, UK. 

The construction and use of a funnel pheromone trap (the 
IPL funnel trap) against pyralids in stored products in the UK is 
described. In a laboratory trial with males of the pyralid Ephes
tia kuehniel/a, 67% of the moths present were captured in 7 
days, as compared with 66-96% in 4 kinds of sticky pheromone 
traps. The funnel trap had the advantage (in warehouses) of 
being specific to the males of E. cautel/a, E. elutel/a or E. 
kuehniella. Strategies that have been evolved to monitor and 
control pyralids (especially E. kuehniel/a in flour storage ware
houses) with the aid of IPL funnel traps are described. 

1890 PINNIGER, D. B.; STUBBS, M. R.; CHAMBERS, J. The 
evaluation of some food attractants for the detection of 
Oryzaephilus surinamensis (L.) and other storage pests. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, /983, Kansas 
State University, Manhattan, Kansas USA. Manhattant Kan
sas, USA; Kansas State University (1984, reed. 1986) 640-650 
[En, 20 ref., 3 fig.] MAFF Slough Laboratory, Berks., UK. 

A review is presented of investigations in the UK with bait 
bags for the detection of Oryzaephi/us surinamensis and other 
storage pests, including Sitophilus granarius and Tribo/ium 
castaneum. 

1891 YOSHIDA, T. Historical change in the status of stored 
product insect pests especially in Japan. In Proceedings of the 
Third International Working Conference on Stored-Product 
Entomology. October 23-28, 1983, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 655-668 [En, 29 ref., I fig.] 
Laboratory of Applied Entomology, College of Agriculture, 
Okayama University, Okayama 700, Japan. 

In investigations of historical changes in the status of insect 
pests of stored products in Japan, 3 stages were found.ln the 1st 
stage, when cereals were stored mainly as graint species such as 
Sitophilus zeamais and Sitotroga cerea/el/a, which initiate 
infestation in the field, were important pests; Rhyzopertha dom
inica, which can attack unshelled grain in storage, was also 
important. In the middle stage, when conversion of grain to Hour 
became mechanized, pests such as Tribolium spp. and Ephestia 
spp. became predominant. In the 3rd stage, when processed food 
was prevailingly distributed and stored, general pests such as 
Plodia interpunctel/a, Oryzaephilus surinamensis and Lasi
oderma serricorne occurred wtdely in various foodstuffs, and 
some specialized pests such as Alphitobius diaperinus and 
Ahasverus advena occurred to a more limited extent. 
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1892 GOLOB, P. Prostephanus truncatus (Hom), the larger 
grain borer, in East Africa: tbe development of a control strategy. 
In Proceedings of the Third International Working Conference 
on Stored-Product Entomology. October 23-28, 1983, Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan· 
sas, USA; Kansas State University (1984, reed. 1986) 711-721 
[En, 13 ref., I fig.] 

The incidence of the bostrichid Prostephanus truncatus in 
stored maize and cassava in Tanzania is discussed, with special 
reference to constraints on its control imposed by the traditional 
system of food storage. The pest is also reported from southern 
Kenya, close to the Tanzanian border. Research trials in 
1982-83 confirmed the reduced efficiency of development of the 
pest in loose grain as compared with maize on cobs, and demon
strated the exceptional efficacy of permethrin, as compared with 
organophosphates, for controlling infestation. The application 
of 0.5% permethrin dust to give 3 p.p.m. active ingredient in 
stored maize has been recommended to the Tanzanian Ministry 
of Agriculture. The need for an organized control programme is 
emphasized. 

1893 MKHIZE, J. N. Dosage-mortality responses of the rice 
weevil, Sitophilus oryzae (L.), to an insect growtb regulator, R-
20458. Effects of R-20458 on F1 progeny production. Insect 
Science and its Application (1986) 7 (I) 19-21 [En, fr, 17 ref., I 
fig.] Univ. Transkei, Private Bag X5092, Umtata, South Africa. 

Dosage-mortality responses of F1 progeny of treated indi
viduals of Silophilus oryzae indicated that the curculionid is 
highly tolerant of R-20458 [(E)-3-[5-(4-ethylphenoxy)-3-
methyl-3-pentenyl]-2,2-dimethyloxirane]. However, the ability 
of the insect growth regulator to suppress F2 progeny production 
demonstrated that R-20458 could be used as a protectant for 
grains. 

1894 RUP, P. J. Mating and its attendant behaviour inCa/
Josobruchus maculatus (F.) (Coleoptera: Brucbidae). Journal of 
Stored Products Research (1986) 22 (2) 77-79 [En, 7 ref.] Dep. 
Bioi., Guru Nanak Dev Univ .. Amritsar, 143 005, India. 

An analysis of about 100 encounters between males and 
females of Callosobruchus maculatus permitted identification 
of the main units of mating behaviour. The premating phase of 
males could be divided into 8 units, followed by mating and 
post-mating phases. Mating lasted 3.17±0. 37 (1.4-6.1) min. 
The frequency of mating was highest on the 1st day of emer
gence and the urge to mate decreased with age. The diet cycle 
also influenced mating frequency. Males often attempted to 
mate soon after a successful matmg, whereas females did not. 

1895 BAKER, J. E.; Woo, S.M. Purification, partial charac
terization, and postembryonic levels of amylases from Sitophilus 
oryzae and Sitophilus granarius. Archives of Insect Biochemis
try and Physiology (1985) 2 (4) 415-428 [En, 37 ref., 5 fig.] 
Stored Product Insects Res. & Development Lab., ARS, 
USDA, PO Box 22909, Savannah, GA 31403, USA. 

Amylases from adults of Sitophilus oryzae and S. 
granarius were purified and partly characterized. Based on the 
fresh weights of adults feeding on whole wheat for I 0 weeks, S. 
oryzae contained 3 times as much amylase asS. granarius, and 
8 times as much asS. zeamais. High amylase levels inS. oryzae 
may provide this species with an adaptive advantage when feed
ing on cereals containing naturally occurring amylase 
inhibitors. 

1896 TEOTIA, T. P. S.; SHUKLA, R. M. Studies on the 
growth of population of Cadra cautella Walker. Indian Journal 
of Entomology (1984, reed. 1986) 46 (I) 83-88 [En, 8 ref., I 
fig.] Div. Entomology, lnst. Agric. Sci., Kanpur, Uttar Pradesh, 
India. 

Studies to determine the rate of population multiplication 
of the pyralid stored products pest Cadra cautel/a (Ephestia 
caute//aj were carried out at 29°C and 75% RH. Under condi
tions of abundant space and food supply, its population on maize 
Hour increased at an infinitesimal rate (r m) of 0.176 and a finite 
rate of 1.192/day. When the insect was reared under similar 
conditions but in a limited space Uars 6 X 6 em), the trend of 
population growth followed a characteristic sigmoid curve 
around the asymptote (K) level of 2883.00. 
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1897 SHUKLA, R. M.; SRIVASTAVA, A. S. Studies on the 
resistance to insecticides in Cadra caute/la Walker. I. Selection 
of a strain resistant to malathion. Indian Journal of Entomol
ogy (1984, reed. 1986)46 (2) 117-121 [En, 13 reF.] Dep. Ento
mology, C.S. Azad Univ. Agric. & Tech., Kanpur, Uttar 
Pradesh, India. 

A strain oF the pyralid Cadra cautella [Ephestia cautella] 
resistant to malathion was selected from a heterogeneous parent 
population collected from various localities in Uttar Pradesh, 
India, by continuous rearing in wheat Hour containing various 
concentrations of the compound for 8 generations. Selection 
pressure was gradually increased in successive generations to 
keep it above 60%. Selection was started with malathion at 2 
p.p.m., increasing to 250 p.p.m. in the 8th and 9th generations. 
Resistance was determined by direct application and by treating 
the rearing medium. The resistant strain was shown to be 234.3 
and 46.5 times as resistant by the rearing and direct spray 
methods, respectively, than the P.arent strain and 251.5 and 51.6 
times as resistant as a suscepttble strain. It was thought that 
malathion resistance was controlled by a single gene or a few 
genes. Automatic development of a susceptible strain from a 
pair or adults of the parent strain resulted when reared For 10 
generations without insecticidal pressure. 

1898 SAXENA, S.C.; YADAV, R. S. A preliminary labora
tory evaluation of an extract of leaves of Delonix regia Raf. as a 
disruptor of insect growth and development. Tropical Pest Man
agement (1986) 32 (I) 58-59 [En, 10 reF.] Dep. Zoo!., Univ. 
Rajasthan, Jaipur, 302004, India. 

Preliminary results on the growth retardant effect of an 
extract of leaves of De/onix regia on development in the 
tenebrionid Tribolium castaneum are presented from labora
tory studies in wheat flour. When lst-instar larvae were fed the 
extract the developmental period to adult stage was prolonged 
and growth was retarded. The extract also caused loss in body 
weight, reduction in larval size, poor development of larval 
integument and considerable larval and pupal mortality. 

1899 Lincoln Plant Protection Centre. Wet a ( 1985) 8 (2) 34-
35 [En] 

Significant quarantine interceptions at the Lincoln Plant 
Protection Centre in New Zealand included the silvanid Ahas
verus advena in ginger root from Australia, the pyralid Ephes
tia kuehniella in Turkish figs, larvae oF the tephritid Dacus 
xanthodes in a melon from Tonga, the ant Iridomyrmex anceps 
in pallets, and the bruchid Bruchus pisorum in broad bean 
[Vida Jabal seed From Japan. The ptinid Ptinus tectus was 
identified twice in food products. 

1900 News from Lynfield Plant Protection Centre. Weta 
(1985) 8 (2) 35-36 [En] 

The pergid Phylacteophaga sp. is reported in New Zealand 
For the first time, and has been found attacking shelterbelt and 
home garden Eucalyptus. The coccinellid ll/eis ga/bula has also 
been re12orted in New Zealand for the first time. Significant 
quarantme interceptions at the Lynfield Plant Protection Centre 
included Caliothrips fascia/us on oranges From the USA, the 
dermestid Attagenus piceus (A. unicolor] on guava from the 
USA and the saproglyphid mite Suidasia medanensis [S. pon
tifical had attacked cashew nuts From India and Sri Lanka. The 
dermestid Trogoderma sp. was found in ryegrass [Lolium] at 
the Seed Testing Station, Palmerston North. 

1901 OsMAN, N.; MORALLO-REJESUS, B. Insecticide resis
tance in Sitophilus zeamais Mots. and Rhi;.opertha dominica 
(F.) in Indonesia. Pertanika (1985) 8 (I) 1-7 [En, my, 15 reF.] 
Dep. Plant Protection, Fac. Agric., Univ. Pertanian Malaysia, 
Serdang, Selangor, Malaysia. 

In the laboratory in Malaysia, 14 strains of the curculionid 
Sitophilus zeamais and 15 of the bostrichid Rhyzopertha domi
nica collected from rice warehouses and farm stores throughout 
Indonesia were tested for resistance to malathion and 
pirimiphos-methyl. All strains of S. zeamais were susceptible to 
pirimiphos-methyl but 2 oF them were slightly resistant to mala
thion. Resistance to malathion was found in 3 of the 15 strains 
of R. dominica. 

1902 SANTOS, F. L.; LIM-SYLIANCO, C. Y. DDT resistance 
in three local populations of rice weevils. Philipfine Journal of 
Science (1985) 114 (3/4) 151-163 [En, 16 ref. Dep. Chemis
try, Univ. Philippines, Diliman, Quezon City, Philippines. 
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The relationship between DDT resistance and 
dehydrochlorination oF DDT by 3 local populations oF rice wee
vils [Sitophilus oryzae] was studied in the laboratory in the 
Philippines. Metabolism oF DDT to DDE was Found to increase 
with increasing resistance to DDT. Variations in the amount of 
DDT Formed From a fixed dose oF DDT was also observed in the 
presence of several modifier compounds such as phenobarbital 
(which activated the transformation of DDT to ODE in weevils 
exposed to the DDT-phenobarbital mixture For 22 h but inhib
ited it in weevils pretreated with phenobarbital before exposure 
to DDT), piperonyl butoxide (which mainly inhibited DDT 
dehydrochlorinase but activated it if used to treat the weevils 
beFore their exposure to DDT) and carbaryl (which always 
inhibited DDT dehydrochlorinase). The inhibitory effects oFthe 
last 2 compounds were still observed 27 h after treatment, 
whereas enzyme activity had returned to normal levels in wee
vils treated with phenobarbital. 

1903 THAKUR, R. K. Pest status of termites in Gujarat, 
India (Insecta: lsoptera). Indian Journal of Forestry (1985) 8 
(I) 37-40 [En, 9 reF.] Zoo!. Survey oF India, Desert Regional 
Sta., Jodhpur, Rajasthan, India. 

Mites 

See also absts. /472-1473, 1498, 1507, 1541-1542, /852 

1904 CUNNINGTON, A.M. Factors affecting oviposition and 
fecundity in the grain mite Acarus siro L. (Acarina: Acaridae), 
especially temperature and relative humidity. Experimental & 
Applied Acarology (1985) 1 (4) 327-344 [En, 14 reF., 5 fig.] 
MAFF, Slough Laboratory, Berks, United Kingdom. 

Oviposition and fecundity in Acarus siro were studied at 
5-3o•c and 62.5-90% RH. At and above 2o•c and 80% RH 
mating and oviposition occurred soon after emergence, but at 
lower temperatures and humidities egg laying was progressively 
delayed from 1 to several days. Females needed to mate repeat
edly in order to achieve maximum egg production, optimum 
conditions For which were 1s•c and 90% RH (where total 
output per female averaged 435). Oviposition rates were highest 
at higher temperatures. The mean oviposition period fell from 
72-122 days at s•c to 9-13 days at 30°C and the mean 
incubation period from 42-70 days at 5°C to 3-4 days at 
30°C. Egg viability increased with increasing humidity but was 
little affected by temperature and unaffected by age or the 
female at time of oviposition. The lifespan of males averaged 
13-15 days at 30°C and 129-175 days at s•c; that of females 
averaged 12-19 days at 30•C and 88-169 days at s•c. An 
'index of suitability' was calculated from egg number, viability 
and duration of the egg stage and oviposition period and it 
indicated that the most favourable conditions for oviposition 
and hatching were 20-2s•c and 80-90% RH. 

1905 ZMRKOVA, E. Mass rearing of the predator 
Chey/etus eruditus (Schrank) (Acarina: Cheyletidae) for biologi
cal control of acarid mites infesting stored products. Crop Pro
tection (1986) 5 (2) 122-124 [En, 7 ref., I fig.] Research 
Institute of Food Industry, Department oF Entomology, 150 38 
Prague 5, Czechoslovakia. 

Mass rearing of the predacious cheyletid Chey/etus 
eruditus for use in large-scale biological control of mites 
infesting stored foods is described. Of many materials tested, 
lettuce seeds appeared to be the best substrate for this purpose. 
The recommended procedure for mass-rearing involved batches 
kept in paper bags on 100 g or lettuce seeds at 25°C and 75% 
RH. If the initial predator-prey ratio (with Acarus siro as prey) 
is I: I 00-1:200, within 28-35 days each batch yields an average 
of 2100 ± 600 predacious mites without any additional proce
dures. The batches can either be used directly in infested stores, 
or kept at low temperatures for later usc. 

1906 SMILEY, R. L. The ordinal and subordinal names of 
mites with a list of the mite pests of stored products. In Proceed
ings oft he Third International Working Conference on Stored
Product Entomology. October 23-28, I 983, Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 37-43 [En, 15 reF., I 
fig.] Systematic Entomology Laboratory, liB III, ARS, USDA, 
Beltsville, Maryland 20705, USA. 



The higher classification of mites (mainly at the level of 
orders and suborders) is reviewed, and a table is presented 
showing the equivalent names of groups that have been used or 
are in use at present. A list of over 100 species of mite pests 
(arranged in taxonomic order) that are commonly encountered 
in stored products is provided. 

1907 SHEN, C. P. A Jist and survey of stored-product mites 
in China. In Proceedings of the Third International Working 
Conference on Stored-Product Entomology. October 23-28, 
/983, Kansas State University, Manhattan, Kansas USA. 
Manhattan, Kansas, USA; Kansas State University (I 984, 
reed. 1986) 680-686 (En, 22 ref.] Sichuan Grain Storage Insti
tute, Ministry of Commerce, China. 

A Jist of 58 species of stored-product mites (in 20 families 
and 4 suborders) is presented, together with some results of 
surveys of such mites since 1957, including notes on mites caus
ing allergy in man and infesting medicines. 

1908 ZAHER, M.A.; MOHAMED, M. 1.; ABDEL-HALIM, S. M. 
Incidence of mites associated with stored seeds and food prod~ 
ucts in up~er Egypt. Experimental & Applied Acarology 
(1986) 2 (I) 19-24 [En, 12 ref.] Fac. Agric., Univ. Cairo, Cairo, 
Egypt. 

Seeds, grain and other stored products were sampled in 
granaries, flour mills and storehouses in Fayoum Governorate, 
Egypt, at monthly intervals in 1983 to survey the mites associ
ated with them. About 24 species in 13 families, belonging to the 
Prostigmata, Astigmata and Mesostigrnata, were found. Mem
bers of the Cheyletidae and the Acaridae were the most corn~ 
man mites. The cheyletids Ker bakeri, Cheyletus aversor, 
Neoeuchey/a sp., Gral/acheles bakeri, the cunaxid Cunaxa 
capreolus and the raphignathid Raphignathus sp. were 
recorded for the first time from this area. 

Rodents 

1909 CARVALHO NETO, C. DE; MELLO FILHO, A. DE T. 
[Field trial with a new rodenticide: bromethaline.] Teste de 
campo com urn novo raticida: bromctalina. Biologico ( 1985) 51 
(4) 85-91 [Pt, en, 7 ref., 5 tab.] Departamento Controle de 
Zoonoses e VigilB.ncia Sanitaria da Prefeitura Municipal, sao 
Paulo, SP, Brazil. 

Field trial results demonstrated 100% elimination of a col~ 
any of Rattus norvegicus with bromethaline at 50 p.p.m. 

1910 BUCKLE, A. P. Field trials of flocoumafen against 
warfarin~resistant infestations of the Norway rat (Rattus 
norvegicus Berk.), Journal of Hygiene (!986) 96 (3) 467-473 
[En, 9 ref., 2 fig., 2 tab.] Mammals & Birds Dep., Tolworth 
Lab., Agric. Sci. Service, MAFF, To! worth, Surrey KT6 7NF, 
UK. 

Complete control was obtained against rats infesting farm 
buildings in 10-21 days (mean 14.2 days)_iP 6 treatments in 
which baits poisoned with 0.005% .fiocolimafen were main~ 
tained, in surplus, until rats ceased to feed from them. A further 
6 treatments, in which the application of poisoned bait was 
restricted to periodic placements of 50 g, were also completely 
successful! in 15-30 days (mean 21 days). Less poisoned bait 
was used in the restricted ftocoumafen treatments than in the 
unrestricted treatments but the time taken to control the rat 
infestations was significantly longer. 

1911 PARSHAD, V. R.; CHOPRA, G. The susceptibility of 
Rattus rattus and Bandicota benga/ensis to a new anticoagulant 
rodenticide, flocoumafen. Journal of Hygiene (1986) 96 (3) 
475-478 [En, 9 ref., 2 tab.] AICRP on Rodent Control, Dep. 
Zoo!., Punjab Agric. Univ., Ludhiana-141 004, India. 

In no-choice 24 h feeding tests 100% mortality occurred at 
0.00125% concn of the poison in the bait in the case of B. 
bengalensis and at 0. 00375% in R. rattus. Feeding of 0.0025% 
poison bait in l·day, no-choice and 2-day choice tests resulted in 
60 and 75% mortality of R. rattus, respectively, and 100% of B. 
bengalensis in both trials. 

TECHNIQUES 

See also absts. 1745, /820, /822, 1840, 1876, 1890, 1948 
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1912 KERNER·GANG, W. VON; GERSONDE, M. The influ
ence of the number of samples in a test vessel on the results of soft 
rot tests. Translation, Environment Canada (1985) No. 
OOENV-2554, 29 pp. [En, Trans!. from Material und Organis
men (1981) /6 (4) 281-302. See FPA 7, 669. Limited distribu
tion] Bundesanstalt fiir Matcrialpriifung, Berlin. 

1913 DIROL, D. (Evaluation of a mycological method on 
vermiculite.] Evaluation d'une methode d'essais mycologiques 
sur vermiculite. Holzforschung(I985) 39 (I) 11-16 (Fr,de,en, 
7 ref.] CTB, 10, ave de Saint-Mande, F-75 012 Paris, France. 

A test method for estimating fungal attack on wood speci
mens placed in contact with humidified vermiculite was devel
oped in which moisture uptake of wood specimens was 
determined by successive weighings, by moisture meter and by 
X-ray photographs. Tests were carried out on sapwood of Scots 
pine, spruce, fir and beech. Moisture uptake was rapid and 
complete for the sapwood of pine and to a lesser degree for fir. 
For spruce and beech, moisture uptake was progressive and 
after some time, specimens of these two species reached mois
ture contents favourable for aerobic development of fungi. As a 
result, spruce and beech exhibited a greater susceptibility to 
fungal attack than did Scots pine, for which an excessive mois
ture absorption led to abnormally high resistance. These obser· 
vations show that a method relying on the uptake of liquid water 
from an artificial vermiculite substrate cannot be used in its 
present form to evaluate the fungicidal values of preservatives. 

1914 LINE, M. A. The potential application of rapid gas
chromatographic assay of microbial respiration to the monitor
ing of wood decay. Holzforschung (1985) 39 (2) 67-72 [En, de, 
37 ref.] Dep. Agric. Sci., Univ. Tasmania, GPO Box 252C, 
Hobart, Tas. 7001, Australia. 

Samples of Eucalyptus obliqua sapwood from existing fun
gal cellar and field trials in Victoria, Australia were assayed for 
respiratory activity, assessed periodically for cell wall degrada
tion and after 35 wk for bending strength, and examined micro
scopically to determine the colonizing flora. A reasonable 
correlation was obtained between visual assessment of stakclcts 
in a fungal cellar and the respiratory activity of their 
rnicroflora.There were clear differences in respiratory activities 
between control and treated stakes, and between differently 
treated stakes in the field trial. The differences were relatively 
constant at different time intervals, but were not reflected by 
changes in wood strength. Subsequent microbiological investi
gations of sacrifical treated stakes indicated an absence of decay 
fungi and the presence of bacterial populations which tended to 
correlate in magnitude with the respective respiratory activities. 
It was concluded, therefore. that the differing respiratory activi· 
ties detected in treated stakes were a result of the differing 
bacteriostatic effectiveness of the preservatives, or, in the case of 
creosote-treated stakes, to the bacterial utilization of preserva
tive components. Initiation of decay in these field stakes should, 
however. result in an increase in relative respiratory activity 
over the presently low background activity. Such a change has 
not been detected for any treatment over a 35 wk period. It is 
concluded that GC assay of respiratory activity can provide a 
rapid, quantitative test of decay. 

1915 PATIL, M.D.; PARHAD, N. M. Growth of salmonellas 
in different enrichment media. Journal of Applied Bacteriology 
(1986) 61 (I) 19-24 [En, IS ref., 1 fig., 4 tab.] Natn. Environ
mental Engineering Res. Inst., Nagpur-440 020, India. 

The usefulness of selenite-F (S·F), tetrathionate (MKT) 
and Rappaport-! 0 (R-l 0) broths as enrichment media to sup
port growth of Salmonella spp. either alone or in the presence of 
other competing organisms was studied. Their ability to support 
the growth of stressed S. spp. from water was also investigated. 
It was observed that R-10 was more inhibitory to competing 
organisms than MKT and S·F. It strongly inhibited the growth 
of Pseudomonas aeruginosa, Citrobacter freundii and Proteus 
vulgaris though not of Escherichia coli and Enterobacter aer
ogenes. It was more toxic, however, to small numbers of 
salmonellas than MKT and S-F. Tetrathionate was strongly 
inhibitory for Escherichia coli and Enterobacter aerogenes but 
much less so for Proteus and Pseudomonas species. Selenite-F 
was much less inhibitory than MKT toP. aeruginosa and it did 
not inhibit growth of Escherichia coli and Enterobacter aer
ogenes as much as MKT. Salmonellas were inhibited by all 
three enrichment media and none of them is ideally suited for 
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direct use. Of the three media, R-lO was much more inhibitory 
to stressed organisms than S-F or MKT. 

CONTROL 
See also absts. 1430, 1473, 1492-/494, 1500-1501, 1504-

1505, 15//, 1516, 1519-1521, 1531, 1535-1536, 1547-
1550, 1553-1559, 1566-1567, 1569, 1573, 1582, 1590-
1591, 1593, 1597-1598, 1602-1603, 1605, 1607-1608, 
1612, 1617-1618, 1620, 1622-1623, 1627, 1633, 1638, 
1641, 1644-1645, 1651, 1692, 1705, 1729-1730, 1749-
1750, 1766, 1769, 1816, 1822, 1825, 1827, 1829, 
1834, 1839, 1843, 1851-1852, 1856, 1860-1861, 1863-
1865, 1869, 1882-1887, 1889-1890, 1892-1893, 1897-
1898, 1901-1902, 1905, 1909-19// 

1916 S!GHAMONY, S.; ANEES, 1.; CHANDRAKALA, T.; OSMAN!, 
Z. Efficacy of certain indigenous plant products as grain pro
tectants against Sitophilus oryzae (L.) and Rhyzopertha domi
nica (F.). Journal of Stored Products Research (1986) 22 (1) 
21-23 [En, 6 ref.] Division of Entomology, Regional Research 
Laboratory, Hyderabad 500 007, Andhra Pradesh, India. 

Oils of clove, cedarwood (Juniperus virginiana) and 
karanja (Pongamia glabra [P. pinnata]), at doses of 25-100 
p.p.m., and acetone extracts of pepper (Piper nigrum) provided 
protection to wheat against the curculionid Sitophilus oryzae 
and the bostrichid Rhyzopertha dominica for up to 60 and 30 
days of exposure, respectivelr. Initially, and after 15 days, all 
the oils gave complete mortality of S. oryzae. The persistence of 
toxicity was ranked clove, pepper, karanja and cedarwood. With 
R. dominica, both toxicity and persistence were lower and were 
ranked pepper, karanja, cedarwood and clove. The viability and 
water absorption of treated seeds was normal. 

1917 DESMARCHELIER, J. M. Maximizing benefit:risk 
ratios from insecticide. In Proceedings of the Third Interna
tional Working Conference on Stored-Product Entomology. 
October 23-28. 1983, Kansas State University, Manhattan, 
Kansas USA. Manhattan, Kansas, USA; Kansas State Univer
sity (1984, reed. 1986) 172-182 [En, 11 ref., 4 fig.] Division of 
Entomology, CSJRO, PO Box 1700, Canberra, ACT 2601, 
Australia. 

The potential for maximizing benefit:risk ratios from the 
use of insecticides against insect pests of stored products are 
discussed, and it is reported that the ratio can be increased by a 
factor of up to I 0 by temperature control, and up to 20 or more 
by the use of suitable carriers. In combination, the ratio of 
benefits to risks could by increased by multiplying factors 
together to give a 100-1000-fold increase in the safety factor. 

1918 JACOBSON, M. Control of stored-product insects with 
phytochemicals. In Proceedings of the Third International 
Working Conference on Stored-Product Entomology. October 
23-28. /983, Kansas State University, Manhattan, Kansas 
USA. Manhattan, Kansas, USA; Kansas State University 
(1984, reed. 1986) 183-195 [En, 4 pp. of ref.] Biologically 
Active Natural Products Laboratory, ARS, USDA, Beltsville, 
Maryland 20705, USA. 

A literature review is presented of the phytochemicals that 
have been used or shown to have potential for the control of 16 
of the most important insect pests of stored products. 

1919 WOJCIAK, J. H.; BRIDGES, J. T.; BAGLEY, R. W. 
Stored product insect control with Ro 13-5223. In Proceedings 
of the Third International Working Conference on Stored
Product Entomology. October 23-28. 1983, Kansas State Uni
versity, Manhattan, Kansas USA. Manhattan, Kansas, USA; 
Kansas State University (1984, reed. 1986) 213-216 [En, 3 ref.] 
MAAG Agrochemicals, HLR Sciences, INC., PO Box X, Vero 
Beach, Florida 32960, USA. 

With special reference to the control of Coleoptera and 
Lepidoptera that infest stored products, the chemical and physi
cal properties, toxicology, efficacy, mode of action and persis
tence of fenoxycarb are described. The compound exhibits 
strong juvenile hormone-like activity, is effective in controlling 
insecticide-resistant and susceptible strains of stored-products 
pests, is used at low rates, has low acute vertebrate toxicity, is 
easy to handle and can provide long-term control with a single 
application. 
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1920 DUNKEL, F. V.; CHUAN, L.; YIN, H. F. Insect and 
fungal response to sorbic acid treated stored commodities. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, 1983. Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 262-275 
[En, 6 ref., 2 fig.] Department of Entomology, University of 
Minnesota, St. Paul, MN 55108, USA. 

Investigations in China and Minnesota are reported dem
onstrating that sorbic acid acts as an insect growth regulator 
and fungal growth regulator in stored grain, pulses and milled 
products. Lists of 19 major arthropod pests and 24 minor insect 
pests of stored grain, 11 of the former and 5 of the latter being 
marked as sensitive to sorbic acid. 

1921 WIIITE, N. D. G.; WAITERS, F. L. Incidence of mala
thion resistance in Tribolium castaneum and Crypto/estes fer
rugineus populations collected in Canada. In Proceedings oft he 
Third International Working Conference on Stored-Product 
Entomology. October 23-28, 1983. Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 290-302 [En, 21 ref., 2 fig.] 
Agriculture Canada, Research Station, Winnipeg, Manitoba, 
R3T 2M9, Canada. 

Extensive testing of populations of Tribolium castaneum 
and Cryptolestesferrugineus in Canada for resistance to mala
thion are reported. The greatest problem with resistance in T. 
castaneum occurred in flour mills in Montreal, but resistant 
individuals were also found in strains from London (Ontario) 
and a farm in southern Manitoba. Of 19 strains of C. fer
rugineus collected from granaries in Minnesota, Manitoba and 
Saskatchewan, 2 had only about 80% knockdown at the discrim
inating dose used. In general, the surveys indicated that mala
thion-resistant insects enter Canada primarily through 
international trade. 

1922 BONO, E. J. Resistance of stored product insects to 
fumigants. [Review]. In Proceedings of the Third Interna
tional Working Conference on Stored-Product Entomology. 
October 23-28, 1983. Kansas State University. Manhattan, 
Kansas USA. Manhattan, Kansas, USA; Kansas State Univer
sity (1984, reed. 1986) 303-307 [En, 7 ref., 3 fig.] Agriculture 
Canada, Research Centre, London, Ontario, Canada. 

1923 FAUSTINI, D. L. Magnesium pbosphide as a fumigant 
for control of the cigarette beetle, Lasioderma serricorne (F.) at 
low temperature. In Proceedings of the Third International 
Working Conference on Stored-Product Entomology. October 
23-28. 1983. Kansas State University, Manhattan, Kansas 
USA. Manhattan, Kansas, USA; Kansas Stale University 
(1984, reed. 1986) 308-328 [En, 20 ref., 7 fig.] Philip Morris 
Research Center, PO Box 26583, Richmond, Virginia 23261, 
USA. 

Laboratory, freight container and warehouse experiments 
in Virginia indicated that phosphine generated from magnesium 
phosphide plates was effective in killing larvae of the anobiid 
Lasioderma serricorne, a pest of stored tobacco, even at the low 
temperatures at which larvae overwinter. 

1924 WILBUR, D. A., JR. Magnesium phosphide. In Pro
ceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, 191!3. Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 341-345 
[En] Industrial Fumigant Co., Olathe, Kansas 66061, USA. 

The use of magnesium phosphide as a source of phosphine 
to fumigate stored products is discussed. 

1925 ARBOGAST, R. T. Natural enemies as control agents 
for stored-product insects. In Proceedings of the Third Interna
tional Working Conference on Stored-Product Entomology. 
October 23-28, Kansas State University, Manhattan. Kansas 
USA. Manhattan, Kansas, USA; Kansas State University 
(1984, reed. 1986) 360-374 [En, 41 ref., 4 fig.] Stored-Product 
Insects Research & Development Laboratory, ARS, USDA, 
Savannah, Georgia 31403, USA. 

This review of the prospects for the biological control of 
~tored-product insects (especially Coleoptera and Lepidoptera) 
mcludes notes on predators (especially the anthocorid Xylocoris 
flavipes), parasites (especially the pteromalids Anisopteroma
lus calandrae and Choetospila elegans, the bethylid Holepyris 



sylvanidis, the braconid Bracon hebetor, the ichneumonid Ven
turia canescens and the mite Pyemotes tritici) and pathogens 
(including various protozoa, bacteria (especially Bacillus thur
lnglensls) and viruses). It is concluded that the potential value 
of biological control has been demonstrated, but that technolog· 
ically the method is still rudimentary. 

1926 BROWER, J. H. Current status of the sterile-iusect 
release technique for control of storedJroduct Lepidoptera. In 
Proceedings of the Third lnternationa Working Conference on 
Stored-Product Entomology. October 23-28, Kansas State 
University, Manhattan, Kansas USA. Manhattan, Kansas, 
USA; Kansas State University (1984, reed. 1986) 444-453 [En, 
26 ref., 3 fig.) Stored· Product Insects Research & Development 
Laboratory, ARS, USDA, PO Box 22909, Savannah, Georgia 
31403, USA. 

It is shown from a review of recent research that the sterile
insect release technique could be adapted for the control of moth 
pests (including the pyralids Ephestia elutel/a, Cadra (igu
lilella [E. figulilellaj, C. cautella [E. cautella], Plod/a 
lnterpunctel/a, Corcyra cephalon/ca, Anagasta kuehnlella [E. 
kuehnlel/a) and the gelechiid Sitotroga cerealella) of stored 
products. 

1927 BROWER, J. H. Trlchogramma: potential new biologi
cal control method for stored-product Lepidoptera. In Proceed
Ings of the Third International Working Conference on Stored
Product Entomology. October 23-28, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 454·470 [En, 44 ref., 3 fig.) 
Stored-Product Insects Research & Development Laboratory, 
ARS, USDA, Savannah, Georgia 31403, USA. 

The release of egg parasites in the genus TrichoQramma 
was shown to have considerable potential for the biological con
trol of Lepidoptera infesting stored products. The eggs of Sito
iroga cerealella, Anagasta kuehnlella [Ephest/a kuehnlel/a] 
and Corcyra cepha/onica are usually used as hosts for mass 
rearing Trichogramma. Ephestla sp. (and species of its subge
nus Cadra) and Plodia interpunctella were also shown to be 
suitable hosts for rearing T. pretiosum and T. evanescens. A 
survey in Georgia, USA, showed that T.pretiosum and T. 
evanescens occurred natural!x in groundnut storage warehouses 
infested with C. cautel/a [E. cautel/a]. Tests in simulated 
groundnut warehouses showed fair to good suppression of popu
lations of E. cautel/a and P. lnterpunctel/a, depending on the 
numbers of parasites released. Research on the horizontal and 
vertical dispersal of released adults of Trlchogramma was also 
encouraging. 

1928 FRIEDLANDER, A. Biochemical reflections on a non
chemical control method. The effect of controlled atmosphere on 
the biochemical processes in stored product insects. In Proceed
Ings of the Third International Working Conference on Stored
Product Entomology. October 23-28, Kansas State University, 
Manhattan, Kansas USA. Manhattan, Kansas, USA; Kansas 
State University (1984, reed. 1986) 471-480 [En, 18 ref., 6 fig.) 
Stored Products Research Division, Institute for Technology & 
Storage of Agricultural Products, Volcani Center, Bet Dagan, 
50-250, Israel. 

The data presented in this review indicate multiple sites for 
the action of carbon dioxide in stored-products insects (and 
other organisms), making the build-up of tolerance difficult. In 
addition, they can be helpful in investigations of biochemical 
mechanisms in insects, especially in estimating the value of 
carbon dioxide as a possible synergist for fumigants against 
stored·products pests. 

1929 SODERSTROM, E. L.; BRANDL, D. G. Modified atmo
spheres for postharvest insect control in tree nuts and dried 
fruits. In Proceedings of the Third International Working Con
ference on Stored-Product Entomology. October 23-28, Kan
sas State University, Manhattan, Kansas USA. Manhattan, 
Kansas, USA; Kansas State University ( 1984, reed. 1986) 487-
497 [En, 6 ref., 3 fig.) Horticultural Crops Research Labora
tory, ARS, USDA, Fresno, California 93727, USA. 

Controlled atmospheres (12-14% carbon dioxide, about 
0.5% oxygen and the balance mainly nitrogen) were tested in the 
USA against insects infesting stored raisins (artificially infested 
with Cadra jigulilel/a [Ephestia jiguli/el/a]. Plod/a 
interpunctella, Drosophila melanogaster, Carpophilus 
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hemipterus, Oryzaephilus surinamensis and Tribolium cas
taneum). D. melanogaster required the longest exposure (120 
h) for complete control at 27°C. All the other species were 
controlled by exposure for 60 h. At J6•C, > 14 days was 
required against D. melanogaster, and 5 days against the other 
species. In trials with stored almonds at 27°C, P. interpunctella 
was completely controlled in 36 h, and Amyelols trans/tel/a in 
60 h. 

1930 RoDRIGUEZ, J. G.; Porrs, M. F.; PATTERSON, C. G. 
SorpUve coatings as protectants against stored-product pests. In 
Proceedings of the Third International Working Conference on 
Stored-Product Entomology. October 23-28, /983, Kansas 
State University, Manhattan, Kansas USA. Manhattan, Kan
sas, USA; Kansas State University (1984, reed. 1986) 572-582 
[En, 6 ref., 6 fig.) Department of Entomology, University of 
Kentucky, Lexington, KY 40546-0091, USA. 

Six materials with possible sorptive qualities were tested in 
the laboratory as dust coatings at O.DI and 0.08 mgfcm2 on 
commercial corrugated cardboard against adults and/or larvae 
of the stored-product insects Tribolium castaneum, T. con
fusum, Oryzaephilus surinamensis, Lasioderma serricorne, 
Araecerus fasciculatus and Plodia interpunctella. Mortality 
was observed after 16, 24 and 48 h, and the effectiveness varied 
greatly with the product tested and the test insects. Syloid 244 
was much the most effective. The high surface area and con
trolled pore volume characteristics of this micronized silica were 
the factors apparently responsible for its effectiveness. Scanning 
electron micrographs of larvae of 0. surinamensis and T. cas
taneum exposed to Syloid 244 at the higher dosage showed 
variable densities of dust on the cuticle, apparently reflecting 
differences in cuticular topography and chemistry of the lipid 
film. 

1931 MCFARLANE, J. A.; PREVETI, P. F. Training and 
extension for storage improvements through the establishment of 
special technical units. In Proceedings of the Third Interna
tional Working Conference on Stored-Product Entomology. 
October 23-28, 1983, Kansas State University, Manhattan, 
Kansas USA. Manhattan, Kansas, USA; Kansas State Univer
sity (1984, reed. 1986) 698·710 [En, 7 ref., 2 fig.) Storage 
Department, Tropical Development & Research Institute, 
Slough, Berks. , UK. 

The role of special technical units for improving the protec
tion of stored products (including pest control) in tropical coun
tries is discussed, from experience gained in 1960-80. 

1932 AL-HAKKAK, Z. S.; ALI, S. R.; AHMED, M.S. H. Dif
ferential sterility induced by gamma radiation in the adult male 
of six strains of Ephestia cautella. Journal of Biological Sci
ences Research (1985) 16 (I) 217-226 [En, ar, 16 ref.) Fac. 
Agric. & Bioi., Nuclear Res. Cent., PO Box 765, Baghdad, 
Iraq. 

Since the use of ionizing radiation is under consideration in 
Iraq for the control of insects in stored dates, the responses of 
young males of 6 different strains of the pyralid Ephestia 
cautella to gamma-radiation at 10-50 krad were tested in the 
laboratory. The treated males were afterwards mated to virgin 
females of the same strain, and fecundity, fertility and mating 
frequency were determined. Although these parameters 
decreased with increasing radiation doses undergone by the 
males, significant differences in radiosensitivity between strains 
were revealed by statistical analysis. 

1933 WINKS, R. G.; WATERFORD, C. J. The relationship 
between concentration and time in the toxicity of phosphine to 
adults of a resistant strain of Tribolium castaneum (Herbst). 
Journal of Stored Products Research (1986) 22 (2) 85-92 [En, 
16 ref., 3 fig.) CSIRO, Div. Entomology, PO Box 1700, Can
berra, ACT 2601, Australia. 

The toxicity of phosphine to adults of a resistant strain of 
the tenebrionid Tribolium castaneum was studied over a range 
of concentrations and exposure periods from 0.0095 to 100 
mgflitre. From 0.025 to 5 mgjlitre a probit plane, without 
interaction, was fitted to mortality data obtained from a range 
of exposure periods at each concentration. The limits of this 
probit plane were higher than those previously obtained for the 
susceptible reference strain. The lower limit for linear response 
was 5 times higher than the corresponding threshold in the 
susceptible strain while the upper limit, at which a narcotic 
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effect was observed, was 10 times hi~her. This shift in the narco
sis threshold suggests that phosphtne-induced narcosis is not 
involved in the resistance of this strain. A toxicity index, n in the 
expression C't~k. of0.65 (where c~concentration and r~timc) 
was obtained for the resistant strain which was less than that 
obtained for the susceptible strain. Because of the lower toxicity 
index in the resistant strain, the level of resistance varied with 
concentration and was lower at lower concentrations. It is con
cluded that when the dosage of any toxicant, drug or other 
stimulus comprises more than one variable, e.g. concentration 
and time, a single resistance factor derived either from one fixed 
concentration, for each of a graded series of exposure times, or 
from one fixed exposure period, for each of a graded series of 
concentrations, could be quite misleading. 

1934 BENEZET, H. J.; BOWEN, M. R.; HELMS, C. W.; 
HUFFMAN, B. B. Toxicity of selected insecticides to Lasi
oderma serricorne (F. )(Coleoptera: Anobiidae) by three methods 
of exposure. Journal of Stored Products Research ( 1986) 22 
(2) 93-96 [En, 14 ref.) Res. & Development Dep., R.J. Reyn
olds Tobacco Co., Winston-Salem, NC 27102, USA. 

The toxicities of II insecticides to adult females of Lasi
oderma serricorne reared on maize meal~yeast or tobacco were 
evaluated by topical application. Several of these compounds 
were also evaluated by surface residue and aerosol applications. 
The insecticides were dichlorvos, trichlorfon, chlorpyrifos, 
pirimiphos-methyl, pyrethrins, nicotine, resmethrin, permeth
rin, cypcrmcthrin, FMC-54800 [bifenthrin] and the synthetic 
pyrethroid M0-70616 [of unstated composition]. The toxicities 
of insecticides to L. serricorne reared on maize meal or tobacco 
were not significantly different. Toxicities varied extensively 
among and within classes of insecticides. Nicotine was not very 
toxic (LD50 7200 pgfg topical); trichlorfon (LD50 13800 pgfg 
topical) was the least toxic and dichlorvos was only moderately 
toxic. The pyrethroid bifenthrin gave the best all·round per
formance. It was as toxic as cypermethrin by topical (LD50 
l.Opgfg) and aerosol (LD50 5.7 pgflitre) exposure and 2.6 
times as toxic as a residual treatment. 

1935 BINNS, T. J. The comparative toxicity of malathion, 
with and without the addition of triphenyl phosphate, to adults 
and larvae of a susceptible and two resistant strains of Tribolium 
castaneum (Herbst) (Coleoptera: Tenebrionidae). Journal of 
Stored Products Research (1986) 22 (2) 97-101 [En, 14 ref.] 
MAFF, Slough Lab., Berks, UK. 

The adults and larvae of susceptible, malathion-specific
resistant and multi~organophosphorus~resistant strains of 
TriboUum castaneum were exposed to a range of doses of mala
thion, with and without the addition of the synergist triphenyl 
phosphate. The compounds were applied by topical application 
and the mortality response of adults and final-instar larvae were 
compared. In all strams, the larvae showed a higher tolerance of 
malathion than the adults. A comparison of malathion resis
tance between the strains showed that the resistance factors 
achieved for larvae were higher than those for adults. The addi
tion of triphenyl phosphate was completely effective in overcom
ing the resistance in both adult and larval stages of the 
malathion-specific-resistant strain. 

1936 SHARMA, Y. Effect of aak flower extract on different 
larval stages of the lesser}rain borer, Rhizopertha dominica 
Fabr. Journal of Advance Zoology (1985) 6 (I) 8- I 2 [En, 15 
ref.] Dep. Zoo!., Univ. Rajasthan, Jaipur 302004, India. 

Extracts of the flowers of aak (Ca/otropis procera) were 
mixed with wheat flour and provided to 1st-, 2nd-, 3rd- and 4th
instar larvae of the stored-products pest Rhyzopertha dominica 
in the laboratory. Larval mortality increased and adult emer
gence decreased as the concentration of extract was increased 
from 0.1 to 1000 p.p.m. The younger larvae were more suscepti
ble than the older larvae. 

1937 BOWRY,S.K.;PANDEY,N.D.;TRIPATHI,R.A. Evalu
ation of certain oilseed cake powders as grain protectant against 
Sitophilus oryzae Linnaeus. Indian Journal of Entomology 
(1984, reed. 1986) 46 (2) 196-200 [En, 9 ref.] Dep. Entomol
ogy, C.S. Azad Univ. Agric. & Tech., Kanpur-208 002, India. 

Oil seed cake powders obtained from neem (Azadirachta 
indica},linsced [flax), castor [Ricinus communis], mahua (Bas
si a latifo/ia [Madhuca /atifolia]) and mustard were tested 
against the curculionid Sitophilus oryzae in the laboratory in 
India. The neem preparation was most effective in reducing 
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oviposition and minimizing damage to maize grains, followed by 
linseed, mustard, mahua and castor. The greatest repellency 
was caused by the neem and linseed extracts. All treatments 
were superior to the untreated control. None of the treatments 
adversely affected the germination of the grains. 

1938 TILTON, E. W.; VARDELL, H. H.; JONES, R. D. Mor
tality of gamma irradiated lanai Tribolium confusum subjected 
to various gases or physical stresses. Journal of Entomological 
Science (1985) 20 (4) 465-469 [En, 7 ref.] Stored-Product 
Insects Res. & Development Lab., ARS, USDA, Savannah, GA 
31403, USA. 

Treatment with gamma-radiation, cold air, partial vacu
ums, phosphine, nitrogen and carbon dioxide have all been pro
posed for the control of insect pests of stored food. There is some 
evidence that radiation-induced mortality of some insects can be 
inhibited by these gases, partial vacuums or cold treatments. 
Collateral exposure of lst-instar larvae of the tenebrionid 
Tribolium confusum to carbon dioxide and gamma-radiation at 
a dose of 75 Gy in laboratory studies in the USA significantly 
reduced radiation-induced mortality when compared with 
gamma-radiation treatment alone. Mortality produced by 
simultaneous treatment with gamma-radiation and nitrogen, a 
partial vacuum of 3.33 kPa or cold air (2°C} for 30 min (which 
included irradiation time) did not differ significantly from that 
produced by gamma-radiation treatment alone. There was no 
significant difference in the mortality produced by treatments 
with phosphine alone or with gamma-radiation. 

1939 MAKUNDI, R. H. The toxicity of deltamethrin and 
cyfluthrin to the larger grain borer, Prostephanus truncatus 
(Horn) (Coleoptera: Bostrychidae). International Pest Control 
(1986) 28 (3) 79-81 [En, 9 ref., 2 fig.) Larger Grain Borer 
Control Project, Ministry of Agric., PO Box 9192, Dar-es
Salaam, Tanzania. 

The efficacy of deltamethrin and cyfiuthrin against adults 
of the stored-products pest Prostephanus truncatus were evalu
ated in the laboratory. At 25°C, the LD50 per adult bostrichid 
by topical application of deltamethrin was 0.0063 pg and of 
cyfluthrin was 0.00217 pg. Both of these synthetic pyrethroids 
were equally effective when applied as a dust formulation on 
maize. They were similarly synergized by piperonyl butoxide at 
a ratio of 1:5 when applied topically. The dosages producing 
100% mortality of adults in treated grain were considerably 
reduced by the incorporation of piperonyl butoxide at the ratio 
of I: 10. The evaluation of the dusts over a period of 4 weeks 
indicated their potential for control applications in the field. 

1940 MORTON, L. H. G. A review of techniques available 
for testing algicides for use in terrestrial and fresh-water envi
ronments. International Biodeterioration (1986) 22 (I) 5-9 
[En, 44 ref.] Sch. Appl. Bioi., Lancashire Polytechnic, Preston 
PRI 2TQ, UK. 

Methods available for testing compounds intended for use 
as algicides in the treatment of fouling in the terrestrial and 
aquatic environment are reviewed. The test organisms used in 
this work are cited including representatives obtained from 
fouled surfaces. Tests are included wh1ch take into account the 
physical nature of the environment and the interactions which 
can take place between substrate organism and algicide. Toxic
ity testing in the aquatic environment includes tests which use 
algae as indicator organisms to assess the toxic effect of pollu
tants entering fresh water. Some of these tests are reviewed, as 
are tests intended to screen compounds for use against nuisance 
algae in fresh water. 

1941 TYAGI, D. K.; DUBLISH, P. K. Effect of ammonia on 
some fungi commonly associated with tropical deterioration. 
Acta Botanica Indica (1985) 13 (2) 269-271 [En, 5 ref., I tab.] 
Dep. Bot., Meerut Coli., Meerut 25000 I, India. 

Ammonia at 10 and 20 p.p.m. had a fungistatic effect. 
Higher concn were fungicidal to all the test fungi, which 
included Acremonium sp., Alternaria alternala, Aspergillus 
j/avus, A. fumigatus, A. niger, Penicillium sp. and Rhizopus 
oryzae. 



1942 RUCKDESCHEL, G.; RENNER, G. Effects of 
pentachlorophenol and some of its known and possible metabo
lites on fungi. Applied and Environmental Microbiology 
(1986) 51 (6) 1370-1372 [En, 17 ref., I tab.] Max-von-Pet
tenkofer-Inst. Hygiene Medizinische Mikrobiologie, Ludwig
Maximilians-Umversitiit Mi.inchen, D-8000 Munich 2, German 
Federal Republic. 

The fungicidal activity of pentachlorophenol and its deriva" 
tives against 16 species of fungi representing 14 genera was 
tested. In relation to pentachlorophenol, no increase in fungis
tatic activity was found for pentachloroanisole, pentachloroni
trobenzene, hexachlorobenzene, pentachlorophenyl acetate, o
and p-chloranil, the 3 isomeric chlorophenols, 2,6-dichlorophe
nol, the 3 isomeric tetrachlorobenzenediols, the 3 isomeric 
tetrachlorodimethoxybenzenes, the 3 isomeric 
tctrachlorobenzenediol diacetates and all of the isomeric mono-, 
di-, tri- and tetrachloroanisoles, except for 2,3,5-trichloroanisole 
with Geotrichum candidum PC 67 and for 2,3,5,6-
tetrachloroanisole with Mucor circinelloides PC 1. Increasing 
fungistatic activities were seen with 3,5-dichlorophenol, 4 
trichlorophenols, and 2,3,4,5-tetrach!orophenol for all of the 
strains, with 4 dichlorophenols, 2,4,6-trichlorophenol, and 2 
tetrachlorophenols for some strs., and with 2,3,6-trichlorophe
nol for only one strain (M. circine/loides PC I). 

1943 SONDOSSI, M.; ROSSMOORE, H. W.; WIREMAN, J. W. 
The effect of fifteen biocides on formaldehyde-resistant strains of 
Pseudomonas aeruginosa. Journal of Industrial Microbiology 
(1986) I (2) 87-96 [En, 20 ref., 5 fig., I tab.] Dep. Bioi. Sci., 
Wayne State Univ., Detroit, MI 48202, USA. 

Evaluation of formaldehyde and 15 biocides in formalde
hyde sensitive (S) and resistant (R) strs. of P. aeruginosa 
revealed a pattern of response that allowed a comparison of the 
mode of action of these biocides. The response of these strs. to 
the various biocides, as well as the induction of transient resis
tance or cross-resistance in the (S) str., allowed a grouping of 
biocides based on this pattern of response. Group l biocides 
acted in a manner indistinguishable from formaldehyde for both 
the (S) and (R) strs. Group 2 biocides were not effective against 
either the (S) or (R) strs. at cnncn calculated to release equimo
lar concn of formaldehyde. However, treatment of the (S) str. 
with formaldehyde or Group 2 biocides resulted in the develop
ment of cross-resistance. Group 3 biocidcs were equally effective 
against the (S) and (R) str., but the (S) str. survivors of treat
ment with Group 3 biocides were resistant to formaldehyde. 
Group 4 biocides (controls) had no presumed connection to 
formaldehyde mode of action. These four groupings, based on 
pattern of response, also resulted in groupings of biocides based 
on chemical structure. 

1944 SONDOSSI, M.; ROSSMOORE, H. W.; WIREMAN, J. W. 
Induction and selection of formaldehyde-based resistance in 
Pseudomonas aeruginosa. Journal of Industrial Microbiolo!P' 
(1986) I (2) 97-103 [En, 14 ref., 4 fig., I tab.] Dep. Bioi. Set., 
Wayne State Univ., Detroit, MI 48202, USA. 

A formaldehyde resistant (R) phenotype of P. aeruginosa 
was isolated from a formaldehyde sensitive (S) parent by 
sequential treatment with 1,3,5-tris-(ethyl)hexahydro-s-tria
zine (ET). The resistance of the (R) str. to treatment with ET 
was a~prox. 3-fold higher than the parental (S) str. Two modes 
of resistance to ET, and simultaneous resistance to formalde
hyde, were demonstrated: (I) transient or induced resistance 
was expressed during short-term exposure to ET, and this resis
tance was gradually lost during subsequent growth in the 
absence of ET; and (2) resistance that resulted from a stable 
phenotypic change in the (S) str. following sequential treatment 
with ET ((R) str. phenotype). The observed activities of 3 forms 
of the formaldehyde oxidizing enzyme, formaldehyde 
dehydrogenase, were strongly correlated with the relative 
response of the (S) and (R) strs. to treatment with ET. The 
observed resistance of the (R) str. appeared to he due to high 
levels of an NAD•-1inked, glutathione-dependent form of for
maldehyde dehydrogenase as well as a dye-linked formaldehyde 
dehydrogenase. The transient or induced response of the (R) str. 
involved an increase in activity of the dye-linked formaldehyde 
dehydrogenase. The induced response of the (S) str. and an 
ATCC str. of P. aeruginosa, however, was correlated with the 2 
forms of the NAD•-Iinked enzyme (glutathione-dependent (EC 
1.2.1.1) and independent (EC 1.2.1.46)) with no contribution 
from the dye-linked enzyme. 
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1945 BARNES, C. P.; EAGON, R. G. The mechanism of 
action of hexahydro-1,3,5-triethyl-s-triazine. Journal of Indus
trial Microbiology (1986) I (2) 105-112 [En, 21 ref., 4 fig., 2 
tab.] Dep. Microbial., Univ. Georgia, Athens, GA 30602, USA. 

The mechanism of antimicrobial action of hexahydro-
1 ,3,5-triethyl-s-triazine (HHTT) was studied using the HHTT
resistant isolate, Pseudomonas putida 3-T-152, its HHTT-sen
sitive, novobiocin-cured derivative, P. putida 3-T-152 11:21, P. 
putida ATCC 12633, P. aeruginosa PAOI and Escherichia coli 
J53(RP4). HHTT was oxidized by P. putida 3-T-152, while 
respiration of P. putida 3-T-152 11:21 was inhibited by HHTT. 
Chemical assap showed that HHTT released formaldehyde. P. 
putida 3-T-15 was highly resistant to formaldehyde, while P. 
putida 3-T-152 11:21 was highly sensitive to formaldehyde. 
Both HHTT and formaldehyde acted similarly to inhibit proline 
uptake in bacterial cells and to inhibit the synthesis of the 
inducible enzymes, il-galactosidase and glucose-6-phosphate 
dehydrogenase. HHTT did not have uncoupler-like activity. P. 
putida 3-T-152 used either HHTT or ethylamine, a component 
of HHTT, as a nitrogen source for growth, but neither HHTT, 
ethylamine nor formaldehyde served as a carbon and energy 
source for growth. It is concluded that a major mechanism of 
antimicrobial action of HHTT is through its degradation prod
uct, formaldehyde. 

1946 EAGON, R. G.; BARNES, C. P. The mechanism of 
microbial resistance to hexahydro-1,3,5-triethyl-s-triazine. 
Journal of Industrial Microbiology (1986) I (2) 113-118 [En, 
II ref., 3 tab.] Dep. Microbial., Univ. Georgia, Athens, GA 
30602, USA. 

Four strs. of Pseudomonas putida and 2 unidentified P. 
spp. that were resistant to hexahydro-1 ,3,5-triethyl-s-triazine 
(HHTT) were shown to be resistant to formaldehyde as well. 
Conjugation experiments revealed that: (a) HHTT and formal
dehyde resistance was cotransferred in every case where excon
jugants were recovered; (b) in every case HHTT resistance and 
formaldehyde resistance were expressed to the same level in the 
exconjugant as in the donor; (c) resistance to either HHTT or 
formaldehyde alone was never observed; and {d) in instances 
where HHTT and formaldehyde resistance in the exconjugants 
was unstable, the exconjugants lost resistance to both agents 
simultaneously and never to one agent alone. Resistant orga
nisms (e.g. P. putida 3-T-152

) had high levels of formaldehyde 
dehydrogenase and this enzyme appeared to be constitutively 
expressed. It is concluded that resistance to HHIT is due to 
resistance to its degradation product, formaldehyde, via detoxi
fication of formaldehyde by formaldehyde dehydrogenase. 
HHTT- and formaldehyde-sensitive organisms had barely 
detectable levels (most likely repressed levels) of formaldehyde 
dehydrogenase. It is speculated that formaldehyde resistance 
may be due to a mutation resulting in derepression of the gene 
coding for formaldehyde dehydrogenase. While it could not be 
discerned whether HHTT resistance and formaldehyde resis
tance were carried on 2 separate but closely linked genes or if 
only one gene was involved, the evidence suggested that only one 
gene was involved. Similarly, it could not be determined 
whether HHTT and formaldehyde resistance was encoded by 
chromosomal or plasmid genes. 

1947 DIKSHIT, A.; NAQVI, A. A.; HUSAIN, A. Schinus 
molle: a new source of natural fungitoxicant. Applied and 
Environmental Microbiology (1986) 51 (5) 1085-1088 [En, 19 
ref., 6 tab.] Cent. Ins!. Medicinal & Aromatic Pl., Lucknow-
226016, India. 

The oil of S. molle exhibited max. fungitoxic activity dur
ing the screening of some essential oils against some common 
storage (Alternaria alternata, Aspergillus jlavus, Penicillium 
ita/icum) and animal pathogenic (Microsporum gypseum, 
Trichophyton mentagrophytes, T. rubrum) fungi. It showed 
absolute toxicity against animal pathogens and mild activity 
against storage fungi. The effective concn of the oil varied from 
200 to 900 p.p.m. The toxicity of the oil persisted up to 80'C 
and 90 days of storage but declined when autoclaved. It with
stood heavy inoculum density. The oil exhibited a narrow range 
of activity and was found to be more effective than Multifungin. 
The oil was characterized by its various physicochemical 
properties. It was found to comprise 50 constituents. It appeared 
that some changes in the oil constituents during storage affected 
its fungitoxic potency. 
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1948 SUTTER, H. P.; CAREY, J. K. Bioassay to determine 
detoxification of tri n-butyltin oxide by species of Phialophora. 
International Biodeterioration (1986) 22 (3) 195-200 [En, 14 
ref., 4 fig., I tab.] POB 528, CH-9470, Buchs/SG, Switzerland. 

A method is described for the bioassay of detoxification of 
tri n-butyltin oxide (TBTO) in an agar medium using Bacillus 
subtilis as the indicator organism. Using this method detoxifica
tion ofTBTO was demonstrated for Phialophora hoffmannii, P. 
malorum and a P. isolate (type C, FPRL No S1042). The 
significance of thse results in the performance of preservative
treated softwood exterior joinery ts discussed. 

1949 TR!PATHI, S. C.; SINGH, S. P.; DUBE, S. Studies on 
antifungal properties of essential oil of Trachyspermum ammi 
(L.) Sprague. Journal of Phytopathology (1986) 116 (2) 113-
120 [En, de, 32 ref., 6 tab.] Dep. Bot., Univ. Gorakhpur, India. 

The essential oil from T. ammi fruits completely inhibited 
mycehal. growth of Aspergi/lusfiavus and A. niger at 800 p.p.m. 
Its toxictty was not affected by treatment at l00°C, autoclaving 
or storage for up to at least I yr. It killed the test fungi within 50 
s, withstood heavy inoculum density and was inhibitory at 800 
p.p.m. to 24 further spp. of fungi tested. No fungi were recov
ered from groundnut seeds treated with the oil at 5000 p.p.m. 
and stored for 1 yr, demonstrating its grain protectant ability. 
1_'he oil was characterized by various physico-chemical proper
ties and thymol and p-cymcne were ISOlated as its antifungal 
principles. They completely inhibited mycelial growth of A. 
jlavus and A. niger at 1000 p.p.m. 

1950 POST, L. S.; DAVIDSON, P.M. Lethal effect of butyl
ated hydroxyanisole as related to bacterial fatty acid composi
tion. Applied and Environmental Microbiology ( 1986) 52 (I) 
214-216 [En, 19 ref., 2 tab.] Dep. Food Techno!. Sci., Univ. 
Tennessee, Knoxville, TN 37901-1071, USA. 

Bacillus cereus, Clostridium perfringens, Staphylococcus 
aureus, Pseudomonas jluorescens, P. fragi, Escherichia coli 
and Salmonella "anatum" were challenged with butylated 
hydroxyanisole (BHA). Susceptibility was measured as the 
concn of BHA required to cause a 90% reduction in bacterial 
survivors. Staphylococcus aureus LP and P.fragi were the most 
resistant species examined; C. perfringens and P. jluorescen.s 
were the most susceptible. Gram stain reaction was found not to 
be a strict indicator of bacterial susceptibility to BHA. There 
was no obvious relationship between individual fatty acids and 
susceptibility. The ratio of saturated to unsaturated fatty acids 
in the total lipid fraction of only the Gram-positive species was 
related to susceptibility. The ratios of saturated to unsaturated 
fatty acids of other fractions were not related to susceptibility. 

1951 WEIDNER, H. [Literature on stored products protec
tion 1984-1985.] Vorratsschutz-Literatur 1984-1985. Zeit
schriftfiir Pfianzenkrankheiten und Pfianzenschutz (1986) 93 
(4) 425-445 [De, 96 ref. See/B 21, 1371] Uhlandstr. 6, D-2000 
Hamburg 76, German Federal Republic. 

The work published during 1984-85 on the protection of 
stored products against infestation by insects is reviewed under 
the following headings: post-harvest problems in tropical coun
tries; biology and ecology of some stored products pests; protec
tion by cultivation of resistant cultivars and by appropriate 
storage; and insect control by heat, -y-rays, insecticides, toxic 
gases and biological methods. 

1952 THOMPSON, D. P. Effect of essential oils on spore 
germination of Rhizopus, Mucor and Aspergillus species. 
Mycologia (1986) 78 (3) 482-485 [En, 7 ref., I tab.] Health 
Res. Cent. Bioi. Dep., Southern Univ., Baton Rouge, LA 70813, 
USA. 

Of 40 essential oils tested, only those from bay, cinnamon 
bark, cinnamon leaf, clove bud, pimenta berries, piment leaf and 
thyme showed strong protectant activity against I 0 R. spp., 4 
M. spp. and 8 A. isolates (2 spp.). Evidence suggested that some 
essential oils may be a rrotecuve factor for some foods and may 
be useful as antifunga food additives. 

See also abst. /580 

International Biodeterioralion 1986 Vol. 22 No.4 

BIODEGRADATION- GENERAL 

Economics 

See also abst. 2044 

Planning and Plant Design 

See also absts. /967, /970 

Equipment 

See also absts. 1979, /985-1986 

1953 IRVINE, R. L.; KETCHUM, L. H., JR.; ARORA, M. L.; 
BARTH, E. F. An organic loading study offull-scale sequencing 
batch reactors. Journal Water Pollution Control Federation 
(1985) 57 (8) 847-853 [En, 16 ref., I fig., II tab.] Dep. Civil 
Eng., Univ. Notre Dame, Notre Dame, IN 46556, USA. 

The sequencing batch reactor (SBR) demonstrated high 
treatment performance biochemical oxygen demand (BOD,) 
and suspended solids (SS) removal. Effluent limits of 10 
mgflitre BOD, and SS were easily attainable and biological 
phosphorus removal was readily achieved. 

1954 ARORA, M. L.; BARTH, E. F.; UMPHRES, M. B. Tech
nology evaluation of sequencing batch reactors. Journal Water 
Pollution Control Federation (1985) 57 (8) 867-875 [En, 20 
ref., 3 fig., 2 tab.] James M. Montgomery Consulting Engineers, 
Inc., Pasadena, CA 91109-7009, USA. 

The results of a post-construction evaluation of sequencing 
batch reactors, used in several wastewater treatment plants in 
USA, are reported. 

1955 GROSS, C.; GILBERT, W.; WHEELER, J. RBCs reach 
maturity. Water/Engineering & Management (1984) 131 (6) 
28-33 [En] US EPA Municipal Techno!. Branch, Washington, 
DC, USA. 

This special report on rotating biological contactors in the 
wastewater treatment process includes discussion of their use 
over the past 30 yrs, developments during that time and future 
improvements now being developed. 

Specific Plants and Practices 

1956 DIXON, B. Indian bioconversion plant. 
BiofTechnology (1985) 3 (10) 867 [En] 

A major new bioconversion facility is being erected in New 
Delhi. It is designed to carry out an integrated process of solvent 
delignification of lignocellulosic residues and simultaneous sac
charification and fermentation. The 450 litre fermenter is 
desi~ned to handle about 200 kg of rice straw per day and yield 
50 htres of ethanol (95% vfv), 100 kg of single cell protein and 
23 kg of lignin as a by-product. Pretreatment is followed by a 
two-stage dclignification process. Hydrolysis of the cellulose 
and fermentation of the released sugars by Candida 
acidothermophilum will take place at atmospheric pressure and 
40°C. During the final stage hemicellulose sugars are converted 
to single cell protein. 

Hygiene and Pathogens 

1957 CLARK, C. S. Health effects associated with waste
water treatment and disposal. (Review]. Journal Water Pollu
tion Control Federation (1985) 57 (6) 566-569 [En, 48 ref.] 
Inst. Environ. Health, Univ. Cincinnati, Cincinnati, OH 45267-
0056, USA. 

Analysis and Sampling 

See also abst. 2022 



1958 THOMAS, J. M.; YORDY, J. R.; AMADOR, J. A.; ALEXAN· 
DER, M. Rates of dissolution and biodegradation of water
soluble organic compounds. Applied and Environmental 
Microbiology (1986) 52 (2) 290-296 [En, 24 ref., 7 fig.] Lab. 
Soil Microbial., Dep. Agron., Cornell Univ., Ithaca, NY 14853, 
USA. 

A study was conducted into the relationship between the 
dissolution rates of organic compounds that are sparingly solu
ble in water and the biodegradation of these compounds by 
mixed cultures of bacteria. The rates of dissolution of naphtha
lene and 4-chlorobiphenyl were directly related to their surface 
areas. The bacteria caused a decline in the concn of the soluble 
substrate. The rate of bacterial growth fell abruptly when 4-
chlorobiphenyl or naphthalene was no longer detectable in solu
tion. The population continued to increase in media with differ
ent surface areas of insoluble 4-chlorobiphenyl, but the final 
counts were higher in media in which the surface areas of the 
substrate were larger. The rates of dissolution of palmitic acid, 
octadecane, di(2-ethylhexyl)phthalate and !-naphthyl N
methylcarbamate were determined in the absence of microorga
nisms. A mixed culture of microorganisms mineralized palmitic 
acid, di(2-ethylhexyl) phthalate, and Sevin ()-naphthyl N
methylcarbamate) at a logarithmic rate, but octadecane miner
alization was linear. The rates of mineralization at the end of 
the active phase of the biodegradation were lower than the rate 
of dissolution of palmitic acid but higher than the rate of disso
lution of octadecane in the uninoculated medium. It is suggested 
that spontaneous dissolution rates are only one of the factors 
that govern the rates of biodegradation. 

See also abst. 2046 

ENVIRONMENTAL POLLUTION 

Freshwater pollution 

See a/so abst. 2061 

Marine pollution 

1959 BERTRAND, J. C. Controlled marine ecosystems in the 
investigation of oil biodegradation at sea. Microbioloqical Sci
ences (1986) 3 (7) 197-200 [En, 31 ref., 1 fig.] Centre 
d'Oceanologie de Marseille, CNRS UA41, Faculte des Sciences 
de Luminy, 13288 Marseille cedex 9, France. 

This brief review includes discussion of the problem of oil 
pollution and the use of microorganisms in the treatment of oil 
spills. 

SOLID WASTE TREATMENT AND 
DISPOSAL 

See also abst. 2008 

LIQUID WASTE TREATMENT AND 
DISPOSAL 

1960 REBHUN, M.; GAUL, N.; NARKIS, N. Kinetic studies 
of chemical and biological treatment for renovation. Journal 
Water Pollution Control Federation (1985) 57 (4) 324-331 
[En, 12 ref., 12 fig., 6 tab.] Fac. Civil Eng., Technion Israel Ins!. 
Techno!., Technion City, Haifa 32000, Israel. 

The feasibility and kinetics of biological treatment, includ
ing organic substrate removal, nitrification and nitrification
denitrification of chemically flocculated wastewater (CFW) 
with alum and with lime were compared with performance and 
kinetics of the same treatment of settled wastewater (SW). 
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1961 LOEHR, R. C.; MARTIN, J. H., JR.; NEUHAUSER, E. F. 
Liquid sludge stabilization using vermistabilization. Journal 
Water Pollution Control Federation (1985) 57 (7) 817-826 
[En, 18 ref., 7 fig., 13 tab.] Dep. Agric. Eng., Cornell Univ., 
Ithaca, NY, USA. 

It is concluded that earthworms (Eiseniafetida) are a key 
component of the liquid sludge vermistabilization (LSVS) pro
cess and that LSVS may be an economically feasible manage
ment process for liquid municipal sludges. 

BIOLOGICAL WASTE TREATMENT 

See also absts. /953-/955 

1962 CHIAO, J. S. Biogas production in China. In Applied 
microbiology [edited by Doell e. H. W.; Heden, C. G. f. Paris, 
France; UNESCO (1986) 97-110 ISBN 92-310-2335-7 [En, 
29 ref., 3 fig., 2 tab. Trends in Scientific Research No. 2] Dep. 
Microbial., Shanghai Inst. Pl. Physiol., Academia Sinica, 
Shanghai, China. 

This review includes an historical account of biogas devel
opment in China, discussion on biogas production and utiliza
tion in rural China, research and development and biogas 
production from industrial waste water. 

1963 MCCORMICK, D. One bug's meat [Review]. 
BiofTechno/ogy (1985) 3 (5) 429-435 [En, 3 fig.] 

Categories of biodegradable toxicants are detailed and J?OI
lutant-dcgrading organisms listed. It is suggested that pomt
source biotreatment of industrial wastewater and solid waste 
streams will be developed first. 

1964 FILIP, Z.; DIZER, H.; LESCHBER, R.; SEIDEL, K. [Inves
tigation of sewage sludge decontamination by aerobic thermo
philic digestion.] Untersuchungen zur Entseuchung von 
Kliirschlamm durch aerob-thermophile Behandlung. Zentral
blatt fiir Bakterio/ogie Mikrobio/ogie und Hygiene, B ( 1986) 
182 (3) 241-253 [De, en, 17 ref., 2 fig., 5 tab.]lnst. fUr Wasser-, 
Boden- und Lufthygiene des Bundesgesundheitsamtes, Aussen
stelle Langen, D-6070 Langen, German Federal Republic. 

Thermal stabilization of sewage sludge, performed in a 
pilot plant under aerobic conditions, resulted in microbiological 
and virological decontamination. A min. temp. of 50°C was 
necessary to inactivate coliform bacteria, Escherichia coli and 
Salmonella sp. The rate of inactivation was dependent on the 
concn of microbes in the raw sludge, the temp. and time. 

1965 KINNER, N. E.; EIGHMY, T. T. Biological fixed-film 
systems. (Review]. Journal Water Pollution Control Federa
tion (1985) 57 (6) 526-531 [En, 55 ref.] Dep. Civil Eng., Univ. 
New Hampshire, Durham, NH 03824, USA. 

Systems reviewed include rotating biological contactors, 
trickling filters, fluidized beds, sand filters, biofilters, biological 
activated carbon and biofilms. 

1966 GAUDY, A. F., JR.; BLACHLY, T. R. A study of the 
biodegradability of residual COD. Journal Water Pollution 
Control Federation (1985) 57 (4) 332-338 [En, 15 ref., 9 fig., 1 
tab.] Dep. Civil Eng., Univ. Delaware, Newark, DE 19716, 
USA. 

It is concluded that while the chemical oxygen demand 
(COD) remaining after aerobic treatment of a synthetic waste 
and measured in batch or continuous-How treatability studies is 
nonbiodegradable, for practical purposes, in secondary treat
ment processes, it can be metabolized over the long term. More 
than 90% of this residual is subject to biological metabolism. 

Composting 

1967 KUCHENRITHER, R. D.; MARTIN, W. J.; SMITH, D. G.; 
WILLIAMS, D. W. Design and operation of an aerated windrow 
composting facility. Journal Water Pollution Control Federa
tion (1985) 57 (3 part I) 213-219 [En, 5 ref., 6 fig., 10 tab.] 
Black & Veatch, 1400 South Potomac Street, Suite 200, 
Aurora, CO 80012, USA. 
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The facility, at Denver, CO, USA, was designed following 
design and operation of a 9 dry tonne per day com posting dem
onstration facility. The demonstration proved invaluable by pro
viding the data necessary to ensure that the full-scale facility 
was cost-effective and reliable. The compost material produced 
will make an excellent soil conditioner and will be in high 
demand in the metropolitan Denver area. 

1968 KUTER, G. A.; HOITINK, A. J.; ROSSMAN, L. A. 
Effects of aeration and temperature on composting of municipal 
sludge in a full-scale vessel system. Journal Water Pollution 
Control Federation (1985) 57 (4) 309-315 [En, 21 ref., 5 fig., 3 
tab.] Dr. Hoitink, Dep. Pl. Pathol., Ohio Agric. Res. Develop
ment Cent., Ohio State Univ., Wooster, OH 44691, USA. 

The effects of aeration and com pest temp. on activity of the 
compost microorganisms as measured by C02 evolution and 
losses of water and solids were determined in replicated trials in 
a full-scale reactor system. The highest composting rates were 
achieved when mean compost temp. were maintained below 
60°C by high airflow rates. Rates of C02 evolution measured in 
the full-scale reactor vessels were comparable to those reported 
in various laboratory studies, and indicated that microbial activ
ity was greatest when mean compost temperatures were 40-
60'C. 

1969 ROBINSON, J. H., JR.; KUCHENR!THER, R. D. A sludge 
management method gets updated. Water/Engineering & Man
agement (1985) 132 (13) 24-27 [En, 4 fig.] Black & Veatch, 
Kansas City, MO, USA. 

The increased use of wastewater sludge com posting tech
niques in USA is discussed, including discussion of com posting 
systems and design considerations and descriptions of two sys
tems in operation. These systems are an aerated static pile com
posting plant in Philadelphia and a windrow com posting plant in 
Denver. 

1970 DoNOVAN, J. Pilot studies indicate composting 
choices. Water/Engineering & Management (1985) 132 (13) 
28-31 [En, 2 fig., 2 tab.] 

A number of actual pilot scale projects used to demonstrate 
how different sludge composting objectives, including equip
ment selection, process design, demand studies and process 
demonstration, could be met are described. In each case the 
results were applied to either feasibility studies or the design of 
full-scale operations. 

Biological filtration 

1971 WEBER, A. S.; TCHOBANOGLOUS, G. Rational design 
parameters for ammonia conversion in water hyacinth treatment 
systems. Journal Water Pollution Control Federation (1985) 
57 (4) 316·323 (En, II ref., 10 fig., 5 tab.] Dep. Civil Eng., 
State Univ. New York, Buffalo, NY 14260, USA. 

A series of pilot scale plug flow water hyacinth (Eichhornia 
crassipes] reactors were operated under a variety of experimen
tal conditions to determine rational design parameters for 
NH/-N conversion. Conclusions included: (i) ammonium 
nitrogen conversion in plug flow water hyacinth systems is a 
function of the hydraulic application rate and reactor length; 
(ii) ammonium nitrogen conversion rate is independent of the 
NH4 + -N loading ratei (iii) use of hydraulic detention time as a 
design parameter is not recommended. 

1972 CONN, W. M. Aquaculture project reaches new pla
teau. Water/Engineering & Management (1985) 131 (10) 36-
38 [En, 1 col. fig.] 

The San Diego aquaculture project, which incorporates 
aquaculture as the biological phase of the processing a 14-yr-old 
wastewater treatment rrojcct, is described. The water hyacinth 
[Eichhornia crassipes is the major conponent of the aquacul
ture process. Harvested plants are used either for compost, as 
animal feed or, in a ground-up form, in conventional wastewater 
treatment operations. Following the aquaculture process, the 
treated effluent is subjected to several conventional treatment 
steps to raise the potability level. 

Activated sludge treatment 

See also absts. 2028, 2030 
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1973 TANABE, I.; FUKATANI, Y.; NAGAYASU, 0.; ASAKt.:RA, J. 
[Employment of some detergents as a circumstance-restricting 
agent in the sea-water-activated sludge-process.] Bulletin of the 
Faculty of Agriculture Kagoshima University (1986) No. 36, 
83-97 [Ja, en, 10 ref., 5 fig., 16 tab.] Lab. Applied Microbial., 
Fac. Agric., Kagoshima Univ., Kagoshima, Japan. 

Addition of cationic detergent (Kation G-50) to the seawa
ter activated sludge process for the treatment of distillery wastes 
resulted in control of protozoa, which had been disrupting the 
process. 

1974 WEBER, A. S.; RUSSELL, E. K.; ALLEMAN, J. E.; SfiER· 
RARD, J. H.; MINES, R. 0.; KENNEDY, M.S. Activated sludge. 
[Review]. Journal Water Pollution Control Federation (1985) 
57 (6) 517-526 [En, 138 ref.] J.E. Alleman, Sch. Civil Eng., 
Purdue Univ., West Lafayette, IN 47907, USA. 

This leterature review includes discussion of process mod· 
els, process research, process control, design and performance, 
industrial wastes, nitrogen metabolism, phosphorus metabo· 
lism, 0 2 uptake and transfer, floc charctcristics and solids sepa
ration and handling. 

1975 CHUDOBA, ].j TUCEK, F. Production, degradation, and 
composition of activated sludge in aeration systems without pri
mary sedimentation. Journal Water Pollution Control Federa
tion (1985) 57 (3 part I) 201-206 [En, 15 ref., 3 fig., 2 tab.] 
Dep. Water Technol. Environ. Eng., Prague Inst. Chern. 
Techno!., 166 28 Prague 6, Czechoslovakia. 

By means of a mass balance, equations were derived 
describing steady-state concn of individual components of bio
mass and primary suspended solids in activated sludge mass in 
systems without primary sedimentation. Derived equations 
facilitate prediction of the composition of activated sludge mass 
at any solids retention time. 

1976 HALL, E. R.; MURPHY, K. L. Sludge age and substrate 
effects on nitrification kinetics. Journal Water Pollution Con
trol Federation ( 1985) 57 (5) 413-418 [En, 21 ref., 8 fig., 2 tab.] 
Environment Canada, Wastewater Techno!. Cent., Box 5050, 
Burlington, Ont. L9R 4A6, Canada. 

An in situ examination of nitrifying bacterial kinetics in 
activated sludge indicated that: (i) Individual nitrifiers exhibit 
an Arrhenius-type temperature dependency that is not influ
enced by solids retention time (SRT); (ii) In the presence of 
heterotrophic microorganisms, variations in carbon and nitro
gen loadings have significant and opposite effects on 
Nitrosomonas and Nitrobacter activities; (iii) The carbon and 
nitrogen effects exhibited no major interaction with SRT. 

1977 NEETHLING, J. B.; JENKINS, D.; JOHNSON, K. M. 
Chemistry, microbiology, and modeling of chlorination for acti
vated sludge bulking control. Journal Water Pollution Control 
Federation (1985) 57 (8) 882-889 [En, 23 ref., 15 fig., 2 tab.] 
Sanitary Eng. Environ. Health Res. Lab., Richmond Field Sta., 
Univ. California, Berkeley, CA 94804, USA. 

A model that predicts a limiting frequency for bulking 
control was developed. Experimental data on various chemical 
and microbiological aspects of activated sludge chlorination for 
bulking control are presented. 

1978 NEETHLING, J. B.; JOHNSON, K. M.; JENKINS, D. 
Using ATP to determine the chlorine resistance of filamentous 
bacteria associated with activated sludge bulking. Journal 
Water Pollution Control Federation (1985) 57 (8) 890-894 
[En, 32 ref., 7 fig., I tab.] Sanitary Eng. Environ. Health Res. 
Lab., Richmond Field Sta., Univ. California, Berkeley, CA 
94804, USA. 

1979 KECK, H. S.; KEINATH, T. M.; STRATTON, S.C. Com
puter assist for activated sludge process. Water/Engineering & 
Management (1985) 131 (10) 30-33, 36-37 [En, 4 ref., 7 fig.] 
Dep. Environ. Systems Eng., Coil. Eng., Clemson Univ., Clem
son, SC, USA. 

Usc of a microcomputer to implement process strategies to 
help achieve better control of often temperamental activated 
sludge treatment facilities in wastewater treatment is consid
ered. An activated sludge/clarifier control program developed 
at Clemson Univ. and marketed with 7 other software programs 
under the name W ASTETRAX is described. 

1:. 



Ponds, Lagoons, Oxidation ditches 

1980 BRYANT, C. W. Lagoons, ponds, and aerobic diges
tion. [Review]. Journal Water Pollution Control Federation 
(1985) 57 (6) 531-533 [En, 30 ref.] Dcp. Civil Eng. & Eng. 
Mechanics, Univ. Arizona, Tucson, AZ 85221, USA. 

Topics included in this literature review include process 
modelling and design of lagoons, lagoon performance, biology 
and aerobic digestion. 

1981 RITTMANN, B. E.; LANGELAND, W. E. Simultaneous 
denitrification with nitrification in single-channel oxidation 
ditches. Journal Water Pollution Control Federation ( 1985) 57 
(4) 300-308 [En, 39 ref., 4 fig., 9 tab.] Dep. Civil Eng., Univ. 
lllinois at Urbana-Champaign, Urbana, IL, USA. 

Successful one-reactor denitrification with nitrification was 
documented at 2 full-scale oxidation ditches. 

1982 EISCHEN, G. W.; KEENAN, J.D. Monitoring aerated 
lagoon performance. Journal Water Pollution Control Federa
tion (1985) 57 (8) 876-881 [En, 17 ref., 9 fig., 2 tab.] J.D. 
Keenan, Dep. Civil Eng., Univ. Pennsylvania, Philadelphia, PA 
19!74, USA. 

It is concluded that the correct interpretation of monitoring 
data requires an appreciation of the actual mixing patterns 
within an aerated lagoon. 

Anaerobic digestion 

See also absts. /995, 2007. 2014, 2020-2021, 2035, 2051-
2052, 2058 

1983 CHYNOWETH, D.P.; CONRAD, J. R.; SRIVASTAVA, V. J.; 
JERGER, D. E.; MENSINGER, J. D.; FANNIN, K. F. Anaerobic 
processes. [Review]. Journal Water Pollution Control Federa
tion (!985) 57 (6) 533-539 [En, 87 ref., l tab.] Inst. Gas 
Techno!., Chicago, IL 60616, USA. 

This literature review includes discussion of the microbi· 
ology, evaluation and control and application of anaerobic 
processes in wastewater treatment. 

1984 JERIS, J. S.; KUGELMAN, J. J. Secrets to the success of 
anaerobic digestion. Water/Engineering & Management (1985) 
132 (7) 32-35 [En, 3 fig., 2 tab.] Environ. Eng. Graduate Pro
gram, Manhattan Col!. at Bronx, NY, USA. 

Key aspects and parameters in the successful operation of 
anaerobic dtgestion as a wastewater treatment process, includ
ing microbiology and biochemistry, pH and alkalinity, tempera
ture and mixing, are considered. 

1985 HILLS, R. E.; MALINOWSKI, J. T. Constructing the 
egg: concrete or steel'? Water/Engineering & Management 
(1985) 132 (4) 27-30 [En, 8 ref., 2 fig., 3 tab.] Pittsburgh-Des 
Moines Corporation, Pittsburgh, PA, USA. 

The use of steel in the construction of egg-shaped anaerobic 
sludge digesters is considered and compared to the concrete egg
shaped digesters in use at the Los Angeles· Wastewater Treat
ment Plant. 

1986 SMITH, R.; NAGEL, W. Tracking digester cover posi
tion. WaterfEnpineering & Management (1985) 132 (3) 34-35 
[En, 4 fig.] Umtech Engineers, Inc., Langhorne, PA, USA. 

A microprocessor-based system, which indicates anaerobic 
digester cover position accurately and reliably and which is in 
use at a wastewater treatment plant in Pennsylvania, is 
described. 

WASTE DISPOSAL (BIOLOGICAL 
ASPECTS) 

Disposal into natural waters 

1987 SEGAR, D. A.; STAMMAN, E.; DAVIS, P. G. Beneficial 
use of municipal sludge in the ocean. Marine Pollution Bulletin 
(!985) 16 (5) 186-191 [En, 22 ref.] SEAMOcean Inc., P.O. 
Box 1627, Wheaton, MD, USA. 
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The technical information which demonstrates that munic
ipal sludge can enhance marine production, particularly of valu
able benthic biomass, when applied to the ocean environment, is 
reviewed. The conceptual approach that would be necessary in 
order to realize the maximum benefit from ocean application of 
sludge, while minimizing environmental damage andjor human 
health risk is discussed. 

Fish farming 

See also abst. 2006 

Hydroponics 

See also abst. 2006 

Land treatment and Irrigation 

1988 PANICHSAKPATANA, S.; SASSANARAKKIT, S.; 
VACHAROTAYAN, S. (Utilization of organic waste materials in 
agriculture. I. Effects of OWM on the growth and yield of low
land rice: first trial.] Kasetsart Journal (1985) 19 (3) 195-205 
[Thai, en, 4 ref.] Dep. of Soils, Fac. of Agric., Kasetsart Univ., 
Bangkok I 0900, Thailand. 

The effects of 7 treatments of fertilizer and organic waste 
materials (OWM) including rice straw compost (RSC), acti
vated sludge from a beer factory (AS), activated sludge from a 
whisky factory (SW), filter cake from a sugar refinery (FC), 
castor meal (CM), inorganic fertilizer (F), and a control on 
lowland rice growth and yields were studied. In the RSC treat
ment, initial growth of rice as measured by shoot and root OM 
and tiller number was fast until flowering. After flowering, how
ever, the plants showed N-deficiency symptoms and growth was 
slow. In the CM treatment, slow initial growth was observed in 
plants grown in both Rangsit and Roi Et soils, but after flower
mg. rapid growth ensued until harvesting. Rice yield corre
sponded reasonably well with plant growth at the later growth 
stage. Grain yields decreased in the order F > CM ;;;. AS = FC 
;;;. SW = RSC ;;;. control on Rangsit soil and CM = F > AS = 
SW > RSC = FC ;;;. control on Roi Et soil. Most of the N 
uptake from OWM was observed during initial plant growth 
until flowering except for CM. CM was regarded as the most 
efficient OWM with approx. 60% of its total N available to the 
rice plant compared with only 6-8% for RSC. Also, the N 
content in grain and straw of rice given CM was markedly 
higher than with RSC.Rice plants grown in Rangsit soil with 
FC had high P concn. in both grain and straw. 

1989 MORISOT, A.; TOURNIER, J. P. (Agronomic conse
quences of spreading effluents and wastes from olive oil mills.] 
Repercussions agronomiques de l'6pandage d'effiuents et 
dechets de moulins a huile d'olive. Agronomie (!986) 6 (3) 235-
241 [Fr, en, 16 ref.] Station d'Agronomie, !NRA, 06606 
Antibes, France. 

The agronomic effects of spreading effluents and waste 
from olive oil crushers were studied using Lolium sp. grown in 

rots in the greenhouse. The input of an equivalent of 40 mm ( 40 
l/m2

) of waste on an established Latium crop, resulted in a 45% 
decrease in yield. When Lolium sp. was sown immediately after 
the in~ut of waste (amounts equivalent to 40 and 80 mm) the 
DM y1eld was 33% of the control yield. These negative effects 
were explained by the very high salinity of these effluents, their 
acidity, the possible presence of polyphenols or other toxic 
biodegradable substances and a lack of nitrate-N. Yields of 
Lolium sp. sown 45 days after the input of waste increased 
relative to the control. Waste application increased the soil 
exchangeable P and decreased the soil nitrate-N by 0.2 mg N/g 
waste. The disappearance of nitrate-N was attributed to denitri
fication or reorganization. 

1990 SINGH, J.; KANSAL, B. D. Effect of long-term applica
tion of municipal waste water on some chemical properties of 
soils. Journal of Research, Punjab Agricultural University 
(1985) 22 (2) 235-242 [En, 12 ref., 5 tab.] Dep. Soils, Punjab 
Agric. Univ., Ludhiana, India. 

Waste water from various towns in the Punjab considera
bly increased the electrical conductivity, organic C and calcium 
carbonate content of soil but decreased the pH. Applications 
resultedin the accumulation of N, P, K and S in the soils, to a 
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greater extent in the surface than in the subsurface layers. 
Higher amounts of available P, K and S but lower inorganic N 
(N03 + NN\-N) were observed in Nov. than in June. 

1991 JAYARAMAN, K. S. Eucalyptus clean-up. Nature. UK 
(1986) 322 (6075) 102 [En] 

A project carried out at the Central Soil and Salinity 
Research Institute at Karnal, India is described in which 
untreated sewage was used to encourage eucalyptus forests to 
grow on wasteland. 

1992 ZIRSCHKY, J.; ABERNATHY, A. R. Land application of 
wastewater. [Review]. Journal Water Pollution Control Fed
eration (1985) 57 (6) 561-563 [En, 43 ref.] ERM-Southeast 
Inc., Suite 201, 2623 Sandy Plains Rd., Marietta, GA 30066, 
USA. 

Topics discussed in this literature review include spray irri
gation, rapid infiltration, overland flow, aquaculture, wetlands 
and septic tanks. 

1993 PIZARRO, D. R. Alternative sludge handling and dispo
sal at Kent County, Delaware. Journal Water Pollution Control 
Federation (1985) 57 (4) 278-284 [En, 6 ref., 3 fig., 6 tab.] 
O'Brien & Gere Engineers, Inc., Blue Bell, PA, USA. 

The development, implementation and costs of land appli
cation of munic1pal sludges to agricultural land in Kent County 
is described. 

1994 BOONE, T. The trick to selling sludge as fertilizer. 
Water/Engineering & Management (1984) 131 (13) 28-29 [En] 
Boone Consulting, Payson, IL, USA. 

The solution of a public relations problem related to the 
public's perception of municipal treatment plant sludge and usc 
of the sludge in profitable land application programmes is 
described. 

Landfill 

See also abst. 2008 

1995 WISE, D. L.; LEUSCHNER, A. P.; WENTWORTH, R. L.; 
HARALAMPU, S. G.; SHARAF, M. A. Fuel gas production by 
controlled landfilling of agricultural residues and municipal solid 
wastes, a low capital cost batch anaerobic digestion process. In 
The role of biochemistry in food and energy production. Pro
ceedings of the fourth FAOB symposium and IUB symposium 
no. /35, Manila, Philippines, 21-24 October 1984 (.edited_ .bY 
Mendoza, E.M. T.; Reyes, M. V. T.; Cruz, L.J.f. Manila, Phlhp
pines; Philippine Biochemical Society (1985) 175-194 ISBN 
971-91-000-0-1 [En, 75 ref., I fig., I tab.] Dynatech R/D, 
Cambridge, MA 02139, USA. 

The technical background on energy recovery from bio
mass (organic wastes, agricultural residues, municipal solid 
waste and crops grown for energy recovery) is reviewed with 
special emphasis on biogas production from 'controlled 
land filling'. 

Biological upgrading to feedstuffs 

See also absts. 1956, 2017, 2033-2034, 2038, 2043, 2049 

1996 SHAY, L. K.; WEGNER, G. H. Nonpolluting conversion 
of whey permeate to food yeast protein. Journal of Dairy Sci
ence (1986) 69 (3) 676-683 (En, 16 ref.] Provesta Corp., 94-H 
Phillips Res. Cent., Bartlesvtlle, Oklahoma 74004, USA. 

By using a substrate based on concentrated whey ultrafil
tration permeate as substrate, food grade yeast (Kluyveromyces 
fragi/is) was grown continuously in the fermentor to very high 
cell densities (total broth dry weight of over 140 gjl). The high 
ash content in whey permeate was not inhibitory to cell growth. 
Cell mass yield remained about constant at pH 3. 9-5.1, at 31-
37•C, with 6-30% whey permeate solids in the feed. Dilution 
rate (0.1 to 0.3 h-1) had little effect on the cell mass yield. At 
>38•C, yield decreased. The high cell density fermentation 
broth was direct-dried without centrifugation and washing, and 
the composition of the direct-dried product was determined. 
Amino acid, vitamin and fatty acid composition indicated a 
quality protein product suitable for food or feed supplementa
tion. Ash content of the product was higher than other dried 
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yeasts because of the higher mineral content in whey permeate. 
Ash content could be significantly reduced by the addition of a 
small portion of another inexpensive fermentable sugar to the 
whey permeate feed. With this addition, cell mass yield, produc
tivity and protein content of the product increased. This process 
converts waste whey permeate to useful food protein and essen
tially eliminates potentially polluting waste streams. 

1997 RING PFEIL, M.; HEINRITZ, B. Single-cell protein tech
nology. In Applied microbiology [edited by Doelle, H.W.; 
Heden, C.G.f. Paris, France; UNESCO (1986) 64-96 ISBN 
92-310-2335-7 [En, 81 ref., 7 fi~ .• 8 tab. Trends in Scientific 
Research No. 2] Institut fur Btotechnologie, Akademie der 
Wissenschaften der DDR, Leipzig, German Democratic 
Republic. 

This review includes discussion of the use of by-products 
and wastes from agriculture and industry in the production of 
single cell proteins. 

1998 TIMMS, M. Food is just food except when it's MBP. 
BioJTechnology (1985) 3 (10) 866 [En] 

A 3-day symposium on Microbial Biomass Proteins in 
Waterloo emphasized the safety, economic and nutritional 
aspects of microbial biomass protein (MBP), indicating that the 
least difficult obstacles facing biotechnology may be the biologi
cal and technological ones. There is already some commercial 
use of MBP. American livestock feed suppliers add MBP to 
their commercial feed mixes.In Britain MBP, obtained by grow
ing Fusarium graminearum [Gibbere//a zeae] on hydrolyzed 
corn starch, is used in savoury pies. 

1999 MANCILHA, I. M. DE; TEIXEIRA, M. A.; PEREIRA, A. S.; 
CONDE, A. R. [Utilization of cacao pod busk as substrate for 
single cell protein production.l Utilizac;ao da casca do fruto do 
cacaueiro para a produc;3.o de proteina microbiana. Revista 
Theobroma (1985) 15 (2) 65-72 [Pt, en, 19 ref., 2 fig., I tab.] 
Departamento de Tecnologia de Alimentos, UFV, 36570 
Vic;osa, MG, Brazil. 

Cellulomonas j/avi~ena and Alcaligenes faecalis were 
grown in a medium con taming cocoa pod husk as the sole source 
of carbon at concn of 3, 5 and 7.5 gfhtre for fermentation times 
of 65, 70, 75, 80 and 85 h. Best yields of protein (63.79% total 
protein) were obtained at 3 gjlitre after 80 h. 

2000 CHANDA, S. Studies on the growth of Cunularia 
lunata and Cladosporium herbarum on deproteinized leaf juice 
for single cell protein production. Indian Botanical Reporter 
(I 985)4 (2) 176-177 [En, 7 ref., 1 tab.] Leaf Protein Res. Unit, 
Indian Statistical lost., Calcutta, India. 

The results are tabulated of protein yields from dry myce
lium of C. lunata [Cochliobolus lunatus] and Cladosporium 
herbarum cultured on cowpea whey alone or amended with 
glucose, sucrose, molasses, NaN03 and asparagine. The best 
results were obtained with cowpea whey amended with 1% 
molasses and 0.15% asparagine. C. herbarum gave higher yields 
than Cochliobo/us lunatus. 

2001 KAHLON, S. S.; DAS, S. K. Improving nutritive value of 
rice straw through fungal fermentation. Journal of Research, 
Punjab Agricultural University (1985) 22 (3) 527-533 [En, 21 
ref., 5 tab.] Dep. Microbial., Punjab Agric. Univ., Ludhiana, 
India. 

Sporotrichum pulverulentum was used for the treatment 
of rice straw through solid substrate fermentation technique. 
The influence of moisture level, incubation period, temp. and N 
source(s) for max. delignification was studied. The max. crude 
protein content of the substrate increased from 3.23 to 9.69% 
(net increase 6.46%) with 0.10% N in the form ofNH4Cl in 30 d 
at 35°C. 

Biological upgrading - other 

See also absts. 2015-2016, 2018-20/9, 2033. 2040, 2042-
2048, 2068 

2002 WU, J. F.; LASTICK, S.M.; UPDEGRAFF, D. M. Etha
nol production from sugars derived from plant biomass by a novel 
fungus. Nature, UK (1986) 321 (6073) 887-888 [En, 18 ref., I 
fig., 2 tab.] Biotechnol. Res. Branch, Solar Energy Res. Inst., 
Golden, CO 80401, USA. 



A novel fungus is reported, Paecilomyces sp. NFI (ATCC 
20766), which is capable of fermenting all of the major sugars 
derived from hydrolysis of plant biomass to ethanol. In xylose 
fermentation, the ethanol y1eld of the fungus remained almost 
unchanged when the xylose concn was increased from 20 to 200 
g(,litre. The fungus also produced good yields of ethanol from 
g ucose, fructose, cellobiose, arabinose, galactose, mannose and 
ribose, as well as from the simultaneous saccharification and 
fermentation of cellulose with hemicellulose and from acid 
hydrolysis of plant biomass. It is suggested that the fungus is a 
good candidate for use in the industrial conversion of plant 
biomass wastes into ethanol. 

2003 LEE, H.; JAMES, A. P.; ZAHAB, D. M.; MAHMOURIDES, 
G.; MALESZKA, R.; SCHNEIDER, H. Mutants of Pachysolen 
tannophilus with improved production of ethanol from o-xylose. 
Applied and Environmental Microbiology (1986) 51 (6) 1252-
1258 [En, 26 ref., 4 fig., 6 tab.] Div. Bioi. Sci., Natn. Res. 
Council Canada, Ottawa, Ont. KIA OR6, Canada. 

The conversion of o-xylose to ethanol by P. tannophilus is 
relatively inefficient in batch culture. The inefficiency has been 
attributed in part to concurrent utilization of ethanol in the 
presence of appreciable concn of D-xylose and to the formation 
of xylitol and other by-products. To increase the concn of etha
nol accumulated in batch cultures, UV-induced mutants of P. 
tannophilus were selected on the basis of diminished growth on 
ethanol. Eleven independent mutant loci that conferred the eth
anol-defective phenotype were identified. Three led to a greater 
yield and volumetric rate of production of ethanol than the wild 
type. One also produced less xylitol and was characterized by a 
deficiency in activity for malate dehydrogenase. 

Materials recol'ery 

See also abst. 2062 

2004 KtAPCII~SKA, B.; CHMIELOWSKI, J. Binding of germa
nium to Pseudomonas putida cells. Applied and Environmental 
Microbiology (1986) 51 (5) 1144-1147 [En, 8 ref., 3 fig., I tab.] 
Dep. Biochem., Univ. Silesia, 40-032 Katowice, Poland. 

The binding of germanium toP. put ida A TCC 33015 was 
investigated by using whole intact cells grown in a medium 
supplemented with Ge02 and catechol or acetate. Electron 
microscopic examination of the control and metal-loaded sam
ples revealed that germanium was bound within the cell envel
ope. A certain number of small electron-dense deposits of the 
bound element were found in the cytoplasm when the cells were 
grown in the presence of Ge02 and catechol. The study of 
germanium distribution in cellular fractions revealed that cat
echol facilitated the intracellular accumulation of this element. 

2005 YATES, J. R.; LOBOS, J. H.; HOLMES, D. S. The use of 
genetic probes to detect microorganisms in biomining operations. 
Journal of Industrial Microbiology (1986) 1 (2) 129-135 [En, 
15 ref., 5 fig.] General Electric Company, Corporate Res. & 
Development, P.O. Box 8, Schenectady, NY 12301, USA. 

DNA homology studies, using dot blot and Southern blot 
analysis of hybridizations of both whole genomic DNA and 
cloned DNA sequences, to identify and enumerate several 
bioleaching microorganisms are described. It is possible to iden
tify different species of microorganisms and, in one case, to 
discriminate between different strs. of a single species. It is also 
possible to identify and quantitate certain species in a mixed 
culture. DNA hybridization analysis has several advantages 
over the more conventional bacteriological methods of identifi
cation, especially in a complex bioleaching situation. 

Water re-use 

2006 HRUDEY, S. E.; FINCH, G. R. Water reclamation and 
reuse. [Review]. Journal Water Pollution Control Federation 
(1985) 57 (6) 557-560 [En, 66 ref.] Dep. Civil Eng., Univ. 
Alberta, Edmonton, Alta T6G 2G7, Canada. 

This review includes discussion of aquaculture and agricul
tural, industrial and domestic reuse of wastewater. 
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MUNICIPAL WASTES 

See also absts. 1967-1970. 1993-1994 

Solid wastes 

See also abst. /995 

2007 GUZEN, H. J.; ZWART, K. B.; TEUNISSEN, M. J. Ana
erobic digestion of a cellulose-rich fraction of domestic refuse. 
[Abstract]. Antonie van Leeuwenhoek (1985) 51 (5/6) 579 
[En] Dep. Microbial., Fac. Sci., Univ. Nijmegen, 6525 ED 
Nijmegen, Netherlands. 

A system is described for the anaerobic digestion of a cellu
lose-rich fraction obtained from a mechanical separation system 
for municipal refuse, by a 2-phase process involving rumen 
ciliates. [n the first reactor (20 litre) solid organic wastes are 
fermented into volatile fatty acids (VFA), C02 and methane by 
a mixed population of rumen microorganisms under conditions 
comparable to those in the rumen. The main substrates for 
methanogenesis arc hydrogen and C02, produced by hydrogenic 
bacteria and ciliates. Fluid containing the produced VFA is 
continuously removed through a filter unit and subsequently fed 
to an upflow anaerobic sludge blanket reactor (10 litre) and 
recycled to the acid -forming reactor. 

Liquid wastes 

See also absts. 1961. 1990 

INDUSTRIAL WASTES 

See also absts. 2032. 2039. 2055-2057. 2059, 2063-2064 

Solid wastes 

2008 BROWER, G. R. Solid wastes and water quality. 
[Review]. Journal Water Pollution Control Federation (1985) 
57 (6) 625-629 [En, 51 ref.] Barge Wa~goner, Summer and 
Cannon, Suite 2400, Plaza Tower, Knowvllle, TN 37929, USA. 

The treatment and disposal of solid industrial wastes is 
discussed, including landfill disposal of these wastes. 

AGRICULTURAL WASTES 

See also absts. /995. 2002 

2009 HILTON, B. L.; 0LESZKIEWICZ, J. A.; SPARLING, A. B. 
Agricultural wastes. [Review]. Journal Water Pollution Con
trol Federation (1985) 57 (6) 578-585 [En, 90 ref.] J.A. 
Oleszkiewicz, Dep. Civ. Eng., Univ. Manitoba, Winnipeg, Man. 
R3T 2N2, Canada. 

Topics reviewed include biological treatment, kinetics and 
inhibition, treatment of combined substrates and optimization 
of gas production, design, operation and pretreatment, waste 
characterization, composting, conversion to other chemical 
forms, feedstuffs, bacteriological reduction and viral inactiva
tion, land application, pesticide reduction, burning and pyrolysis 
and economic analysis. 

Poultry waste 

See also abst. 2036 

SPECIFIC WASTE MATERIALS 

See also abst. 1958 

2010 DIXON, B. ICI's fungus feasts on cyanide pollution. 
BiofTechnology (1985) 3 (7) 601 [En] 
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A fungal process for cyanide degradation has been pat
ented by ICI. A species of Gibberella produces an enzyme (cya· 
nide hydratase) which converts cyanide to formamide. The 
resulting effiuent should contain < 0.05 p.p.m. cyanide. 

2011 SIMS, G. K.; SOMMERS, L E.; KONOPKA, A. Degrada· 
tion of pyridine by Micrococcus luteus isolated from soil. 
Applied and Environmental Microbiology (1986) 51 (5) 963-
968 [En, 22 ref., 4 fig., 3 tab.] Dep. Agron., Purdue Univ., West 
Lafayette, IN 47907, USA. 

An organism capable of growth on pyridine, which is a by
product of coal gasification and retorting of oil shale, was iso
lated from soil by enrichment culture techniques and identified 
as M. /uteus. 

2012 NELSON, M. J. K.; MONTGOMERY, S. 0.; O'NEILL, E. J.; 
PRITCHARD, P. H. Aerobic metabolism of trichloroethylene by 
a bacterial isolate. Applied and Environmental Microbiology 
(1986) 52 (2) 383-384 [En, 7 ref., 3 tab.] Technology Applica
tions, Inc., Gulf Breeze, FL 32561, USA. 

A number of soil and water samples were screened for the 
biological capacity to metabolize trichloroethylene. One water 
sample was found to contain this capacity, and a Gram-nega
tive, rod-shaped bacterium which appeared to be responsible for 
the metabolic activity was isolated from this sample and was 
tentatively ascribed to the genus Acinetobacter. The isolate 
degraded trichloroethylene to C02 and unidentified, nonvolatile 
products. Oxygen and water from the original site of isolation 
were required for degradation. 

Cellulosic wastes 

See a/so absts. 2003, 2007, 2065-2068, 2070 

2013 DIXON, B. Using actinomycetes to tap into o-xylans. 
BiofTechno/ogy (1985) 3 (5) 415 [En] 

Work at the University of Manchester Institute of Science 
and Technology with strains of Thermomonospora suggests 
that D-xylans, the most widely distributed hemicelluloses, might 
be exploited as a source of the industrially useful sugar, D
xylose. T.fusca and T. curvata caused the complete breakdown 
of oat spell xylan to xylose after prolonged incubation. One 
strain of T. curvata was particularly active, liberating xylose 
even from milled wheat straw (in yields reaching approx. 10% of 
those obtained from the oat spell xylan). The quantity of sugar 
can be more than doubled by ball-milling the straw and thus 
increasing the surface area exposed to enzyme attack. 

2014 ZWART, K. B.; GJJZEN, H. J.; VOGELS, G. D. Improved 
anaerobic conversion of lignocellulosic waste using rumen micro
organisms. [Abstract]. Antonie van Leeuwenhoek (1985) 51 
(5/6) 580-581 [En] Dep. Microbiol., Fac. Sci., Univ., Nijme
gen, 6525 ED Nijmegen, Netherlands. 

Under conditions comparable to those in the rumen (a 
feeding rate of 15-35 kg COD.m-3.day-l and a solid retention 
time of 2 days) lignocellulosic wastes obtained from various 
types of industrial activities dealing with potatoes and sugar 
beet and the paper fraction from municipal waste, were 
degraded by approx. 70% by rumen microorganisms from sheep. 
Volatile fatty acids produced were converted into biogas in a 
UASB-type methane reactor. 

2015 GHOSE, T. K.; MISHRA, S. Bioconversion of lignocel
lulose to ethanol. In The role of biochemistry in food and 
energy production. Proceedings of the fourth FAOB sympo
sium and IUB symposium no. I 35, Manila, Philippines, 2I-24 
October 1984 [edited by Mendoza, E.M.T.; Reyes, M.V.T.; 
Cruz, L.J.}. Manila, Philippines; Philippine Biochemical Soci
ety (1985) 123-147 ISBN 971-91-000-0·1 [En, 58 ref., 15 fig., 
5 tab.] Biochem. Engineering Res. Cent., Indian Inst. Techno!., 
Delhi Hauz Khaz, New Delhi-110016, India. 

This review includes discussion of lignocellulosic residues, 
hemicelluloses and lignin, routes for ethanol production and 
ethanol production by recombinant DNA technology. 
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2016 PLAYNE, M. J. Acidogenic fermentation of wastes for 
the production of chemicals and liquid fuels. In The role of 
biochemistry in food and energy production. Proceedings of the 
fourth FAOB symposium and IUB symposium no. /35, Manila, 
Philippines, 21-24 October /984 [edited by Mendoza, E.M.T.; 
Reyes, M.V.T.; Cruz, L.J.}. Manila, Philippines; Philippine 
Biochemical Society ( 1985) 165-173 ISBN 971-91-000-0-1 
[En, 15 ref., 3tab.] CSIRO Div. Chern. Wood Techno!., Private 
Bag 10, Clayton, Vic. 3168, Australia. 

The utilization of agricultural and forestry cellulosic resi
dues for production of acids, including acetic, propionic, butyric 
and lactic acids, by fermentation and the use of these acids as 
chemical feedstocks for the production of liquid fuels is 
considered. 

2017 YANG, S. S. Protein enrichment of cellulosic wastes by 
solid-state fermentation. [Abstract]. In The role of biochemis
try in food and energy production. Proceedings of the fourth 
FAOB symposium and IUB symposium no. 135, Manila, Phil
ippines, 21-24 October 1984 fedited by Mendoza, E.M. T.; 
Reyes, M. V. T.; Cruz, L.J.}. Manila, Philippines; Philippine 
Biochemical Society (1985) 247-248 ISBN 971-91·000-0-1 
[En] Dep. A~ric. Chern., Natn. Taiwan Univ., Taipei, Taiwan. 

Product10n of protein from cellulosic material with 
Trichoderma album by solid-state fermentation is described. 

2018 EL-DIWANY, A. 1.; FARID, M. A.; SHAKER, H. M. 
Sugar and alcohol production from pretreated cellulosic materi
als. [Abstract]. In The role of biochemistry in food and energy 
production. Proceedings of the fourth FAOB symposium and 
IUB symposium no. 135, Manila, Philippines, 2/-24 October 
1984 [edited by Mendoza, E.M. T.; Reyes, M. V.T.; Cruz, L.J.}. 
Manila, Philippines; Philippine Biochemical Society (1985) 251 
ISBN 971-91-000-0-1 [En] Natn. Res. Cent., Dokki, Cairo, 
Egypt. 

Pretreatment of cellulosic wastes, such as wheat straw and 
sunflower stalks, with peracetic acid and NaOH 2% enhanced 
enzymatic hydrolysis by T[richoderma} viride cellulase. The 
sugar syrup obtained was converted to ethanol by Pachyso/en 
tannophilus. 

2019 LEE, H.; BIELY, P.; LATTA, R. K.; BARBOSA, M. F. S.; 
SCHNEIDER, H. Utilization of xylan by yeasts and its com·er
sion to ethanol by Pichi a stipitis strains. Applied and Environ
mental Microbiology ( 1986) 52 (2) 320-324 [En, 14 ref., 3 fig., 
I tab.] Div. Bioi. Sci., Natn. Res. Council Canada, Ottawa, 
Ont. KIA OR6, Canada. 

Yeasts able to grow on o-xylose were screened for the 
ability to hydrolyze xylan. Xylanase activity was found to be 
rare; a total of only 19 of more than 250 strains yielded a 
positive test result. The activity was localized largely in the 
genus Cryptococcus and in Pichia stipitis and its anamorph 
Candida shehatae. The ability to hydrolyze xylan was generally 
uncoupled from that to hydrolyze cellulose; only 3 of the xylan· 
positive strains also yielded a positive test for cellulolytic activ
Ity. Of the 19 xylanolytic strains, 2, P. stipitis CB3 5773 and 
CB3 5775, converted xylan into ethanol, with about 60% of a 
theoretical yield computed on the basis of the amount of o
xylose present originally that could be released by acid 
hydrolysis. 

Hydrocarbons, Petroleum 

See also absts. /959, 2055 

2020 VOGEL, T. M.; GRBIC·GALIC, D. Incorporation of 
oxygen from water into toluene and benzene during anaerobic 
fermentative transformation. Applied and Environmental 
Microbiology (1986) 52 (1) 200-202 [En, 8 ref., 4 fig.] Environ. 
Eng. Sci., Dep. Civil Eng., Stanford Univ., Stanford, CA 94305, 
USA. 

Toluene and benzene were anaerobically transformed and 
eventually mineralized in mixed methanogenic cultures. How
ever, the source of oxygen for the initial oxidation step had been 
unknown, owing to the presence of both methanol and water. No 
exogenous electron acceptors other than carbon dioxide. tolu
ene. and benzene were present in the defined mineral medium. 
Through the use of [180]-labelled water, the oxygen incorpo
rated into the monoaromatic compounds was shown to come 
from water. The cresol from the toluene and the phenol from the 



benzene contained up to 8% [180]-label after incubation in 9% 
[ 180]-labelled medium. Gas chromatography-mass spectrome
try was used to detect the [180]-labelled aromatic metabolites. 

Detergents 

2021 EGLI, T.; WEILENMANN, H. U. Biodegradation of 
nitrilotriacetic acid (NTA) in the absence of oxy~en. Experien
lia (1986) 42 (9) I 061-l 062 [En, ll ref., l fig.J Swiss Federal 
lnst. Water Resources Water Pollution Control, Swiss Federal 
lnst. Techno!., CH-8600 DUbendorf, Switzerland. 

A microbial culture able to grow in the absence of oxygen 
with the domestic detergent component, NTA, as the sole 
source of carbon and energy was enriched from river sediment. 
The stoichiometry of anaerobic NTA degradation by the 
enrichment culture was determined. 

BIOCIDES 

Material proteetants 

2022 W AART, J. DE; MOST, M. M. VANDER Biodegradation 
test for microbicides. International Biodeterioration ( 1986) 22 
(2) 113-120 [En, 12 ref., 6 tab.] TNO-CIVO Food Analysis 
Inst., Zeist, Netherlands. 

The closed-bottle-test was modified for determining the 
degradability of microbicides with widely differing chemical 
and physical properties by introduction of the following: (I) 
fixing test concentration at 7 mg COD /litre; (2) standardizing 
the inoculum (1.5 mg dry matter sludge/litre), sieving and aer
ating sludge; (3) keeping endogenous oxygen consumption low 
(2 mg 0 2/litre) by using nitrate in the medium. The 
biodegradability of ll different microbicides from 5 different 
groups was determined: quats, phenols, chloramides, amphoten
sids and dialdehydes. The method is reproducible. The 
amphotensid which is difficult to degrade could be broken down 
with adapted sludge. Radiochemical investigation demonstrated 
that two microbicides, when degraded, had been mineralized. 

Agricultural biocides 

2023 SHALER, T. A.; KLECKA, G. M. Effects of dissolved 
oxygen concentration on biodegradation of 2,4-dichlorophenox
yacetic acid. Applied and Environmental Microbiology ( 1986) 
51 (5) 950-955 LEn, 30 ref.) Environmental Chern. Res. Lab., 
Dow Chemical USA, Midland, Ml 48674, USA. 

Batch experiments were conducted to examine the effects 
of dissolved oxygen concn on the degradation of 2,4-D by an 
enrichment culture of 2,4-D-utilizing bacteria. A modified 
Monad equation described the relationship between specific 
growth rate and concn of both the organic substrate and dis
solved oxygen. Values for the max. specific growth rate, yield 
and Monod coeff. for growth on 2,4-D were 0.09/h. 0.14 gfg 
and 0.6 mgfl, resp. The half-saturation constant for dissolved 
oxygen was 1.2 mg/1. These results suggest that dissolved oxy
gen concn < 1 mg/1 may be limiting for the biodegradation of 
2,4-D and other chlorinated aromatic compounds, which have a 
requirement for molecular oxygen as a cosubstrate for 
metabolism. 

2024 BROWN, E. J.; PIGNATELLO, J. J.; MARTINSON, M. M.; 
CRAWFORD, R. L. Pentachlorophenol degradation: a pure bac
terial culture and an epilithic microbial consortium. Applied and 
Environmental Microbiology (1986) 52 (I) 92-97 [En, 19 ref., 
4 fig., 2 tab.] Water Res. Cent., lost. Northern Eng., Univ. 
Alaska-Fairbanks, Fairbanks, AK 99775-1760, USA. 

The steady-state growth of a Flavobacterium str. known to 
utilize pentachlorophenol (PCP) was examined when cellobiose 
and PCP simultaneously limited its growth rate in continuous 
culture. A concn of 600 mg of PCP per litre in influent medium 
could be continuously degraded without affecting steady-state 
growth. Specific rates of PCP carbon degradation as high as 
0.15 ± 0.01 g (dry weight) ofC per hat a growth rate of0.045 
h- 1 were measured. Comparable specific rates of PCP degrada
tion were obtained and maintained by PCP-adapted, natural 
consortia of cpilithic microorganisms. The consortium results 
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suggest that a fixed-film bioreactor containing a PCP-adapted 
natural microbial population could be used to treat PCP-con
taminated water. 

2025 McBRIDE, K. E.; KENNY, J. W.; STALKER, D. M. 
Metabolism of the herbicide bromoxynil by Klebsiella 
pneumoniae subsp. ozaenae. Applied and Environmental 
Microbiology (1986) 52 (2) 325-330 [En, 23 ref., 4 fig., 2 tab.] 
Calgene, Inc., Davis, CA 95616, USA. 

Enrichment of soil samples for organisms able to utilize 
bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) as a nitrogen 
source yielded bacterial isolates capable of rapidly metabolizing 
this compound. K. pneumoniae subsp. ozaenae could completely 
onvert 0.05% bromoxynil to 3,5-dibromo-4-hydroxybenzoic 
acid and use the liberated ammonia as a sole nitrogen source. 
Assays of cell extracts of this organism for the ability to produce 
ammonia from bromoxynil revealed the presence of a nitrilase 
(EC 3.5. 51) activity. The enzyme could not utilize 3,5-
dibromo-4-hydroxybenzamide as a substrate, and no 3,5-
dibromo-4-hydroxybenzamide could be detected as a product of 
bromoxynil transformation. Comparison of related aromatic 
nitriles as substrates demonstrated that the Klebsiella enzyme is 
highly specific for bromoxynil. 

PHENOLS 

2026 KRUG, M.; ZIEGLER, H.; STRAUBE, G. Degradation of 
phenolic compounds by the yeast Candida tropicalis HP15. I. 
Physiology of growth and substrate utilization. Journal of Basic 
Microbiology (1985) 25 (2) 103-110 [En, 26 ref., 6 fig., 2 tab.) 
Martin-Luther-UniversiHit Halle-Wittenberg, Sektion Biowis· 
senschaften, WB Pflanzenphysiologie und Mikrobiologie, 
DDR-4020 Halle (Saale), German Democratic Republic. 

2027 KRUG, M.; STRAUBE, G. Degradation ofphenolie com
pounds by the yeast Candida tropical is HP15. II. Some proper
ties of the first two enzymes of the degradation pathway. 
Journal of Basic Microbiology (1986) 26 (5) 271-281 [En, 26 
ref., 9 fig., 4 tab.} G. Straube, "Carl Schotlemmer" Leuna
Merseburg, Sektion Verfahrenstechnik, WB Biotechnologie, 
DDR-4200 Merseburg, German Democratic Republic. 

Results of the determination and characterization of the 
first 2 enzymes of the pathway, the phenol hydroxylase (EC 
1.14.13. 7) and the catechol 1,2-oxygenase (EC l.l3.l.l ), are 
presented. 

2028 ROZICH, A. F.; GAUDY, A. F., JR. Response of phenol
acclimated activated sludge process to quantitative shock load
ing. Journal Water Pollution Control Federation (1985) 57 (7) 
795-804 [En, 32 ref., 9 fig., 2 tab.) A.F. Gaudy, Jr., Dep. Civil 
Eng., Univ. Delaware, Newark, DE 19711, USA. 

Results support previous recommendations for design and 
operation of activated sludge systems for treatment of toxic 
wastes. 

2029 DWYER, D. F.; KRUMME, M. L.; BOYD, S. A.; TIEDJE, J. 
M. Kinetics of phenol biodegradation by an immobilized 
methanogenic consortium. Applied and Environmental 
Microbiology (1986) 52 (2) 345-351 [En, 25 ref., 6 fig., l tab.) 
Dep. Microbial. Public Health, Michigan State Univ., East 
Lansing, MI 48824, USA. 

A phenol-degrading methanogenic enrichment was suc
cessfully immobilized in agar as shown by the stoichiometric 
conversiOn of phenol to CH4 and C02• The enrichment con
tained members of three physiological groups necessary for the 
syntrophic mineralization of phenol: a phenol-oxidizing bacte
rium, a Methanothrix-like bacterium, and an H 2-utilizing 
methanogen. The immobilization technique resulted in the cells 
being embedded in a long, thin agar strand ( 1 mm in diameter 
by 2 to 50 em in length). Immobilization had three effects as 
shown by a comparative kinetic analysis of phenol degradation 
by free versus immobilized cells: (i) the maximum rate of degra
dation was reduced from 14.8 to 10.0 l'g of phenol per h; (ii) the 
apparent Km for the overall reaction was reduced from 90 to 46 
)tg of phenol per ml, probably because of the retention of ace
tate, H 2 and C02 in the proximity of immobilized methanogens; 
and (iii) the cells were protected from substrate inhibition 
caused by high concentrations of phenol, which increased the 
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apparent K; value from 900 to 1725 l'g ofJhenol per mi. Esti· 
mates for the kinetic parameters Km, Ki, an V max were used in a 
modified substrate inhibition model that simulated rates ofphe· 
nol degradation for given phenol concentrations. The simulated 
rates were in close agreement with experimentally derived rates 
for both stimulatory and inhibitory concentrations of phenol. 

PHOSPHORUS 

2030 YEOMAN, S.; STEPHENSON, T.; LESTER, J. N.; PERRY, R. 
Biotechnology for phosphorus removal during wastewater treat
ment. Biotechnology Advances (1986) 4 (I) 13-26 [En, 71 ref., 
I fig., I tab.] Public Health Engineering Lab., Civil Engineering 
Dep., Imperial Coli., London SW7 2BU, UK. 

Latest developments in this area of research from 1983 to 
date are reviewed. The role of Acinetobacter spp. in the process 
of the removal of phosphorus during the activated sludge pro
cess is discussed. 

RADIOACfiVE WASTE 

2031 FEDORAK, P. M.; WESTLAKE, D. W. S.; ANDERS, C.; 
KRATOCHVIL, B.; MOTKOSKY! N.; ANDERSON, W. B.; HUCK, P. 
M. Microbial release of 26Ra1+ from (Ba,Ra)S04 sludges 
from uranium mine wastes. Applied and Environmental 
Microbiology (1986) 52 (2) 262-268 [En, 21 ref., 4 fig., 2 tab.] 
Dep. Microbial., Univ. Alberta, Edmonton, Alta. T6G 2E9, 
Canada. 

226 Ra2+ is removed from uranium mine effluents by 
coprecipitation with BaS04• (Ba,Ra)S04 sludge samples from 
two Canadian mine sites were found to contain active hetero
trophic populations of aerobic, anaerobic, denitrifying, and sul
fate-reducmg bacteria. Under laboratory conditions, sulfate 
reduction occurred in batch cultures when carbon sources such 
as acetate, glucose, glycollate, lactate, or pyruvate were added 
to samples of (Ba,Ra)S04 sludge. No external sources of nitro· 
gen or phosphate were required for this activity. Further studies 
with lactate supplementation showed that once the soluble 
Sol- in the overlying water was depleted, Ba2+ and 226Ra2+ 
were dissolved from the (Ba,Ra)S04 sludge, with the concur· 
rent production of S2-. Levels of dissolved 226Ra2+ reached 
approx. 400 Bq/litre after I 0 weeks of incubation. Results sug· 
gest that the ultimate disposal of these sludges must maintain 
conditions to minimize the activity of the indigenous sulfate
reducing bacteria to ensure that unacceptably high levels of 
226Ra2+ are not released to the environment. 

SPECIFIC INDUSTRIES 

2032 HIGGINS, T. E.; DESHER, D. P. Electroplating and 
cyanide wastes. [Review]. Journal Water Pollution Control 
Federation (1985) 57 (6) 611-614 [En, 45 ref.] CHZM HILL, 
Reston, VA 2290 I, USA. 

This review includes discussion of the application of biolog
ical treatment techniques to cyanide from coke-plant waste
water and other cyanide-containing wastes. 

Food industry 

See also absts. 1989, 1999 

2033 SOBCZAK, E.; KOMOROWSKA, Z. Propionic fermenta
tion of some wastes of food industry. Annals of Warsaw Agri
cultural University SGGW-AR, Food Technology and 
Nutrition (1984) No. 16,45-51 [En, pi, 7tef.] Dep. ofFermen· 
tation & Fruit & Veg. Tech., Warsaw Agric. Univ., SGGW
AR, 02-528 Warsaw, Poland. 

Strains of propionic acid bacteria were grown On a 
deproteinized whey medium (pH 6.8) and on a molasses 
medium. Propionibacterium shermanii T-107 was selected for 
further stud1es on the basis of its ability to produce high 
amounts of propionic acid and bacterial biomass on both media. 
In 20-1 batch trials, bacterial biomass (on a DM basis) produced 
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after 67 hat 28'C in whey medium (adjusted to pH 6.8 every 12 
h) was 4.5 g/1 and volatile acid content was 20 g/1. Production 
of vitamin B 12 by ~ropionic acid bacteria grown on the whey 
medium was also mvestigated. Strains isolated from sheep 
rumen contents produced more vitamin B 12 than culture collec
tion strains. It is suggested that whey or molasses cultured with 
propionic acid bacteria can be concentrated and used as a good 
source of nutrients for animal feeding. 

2034 FEDERICI, F.; PETRUCCJOLI, M. Growth and poly
galacturonase production by Aureobasidium pullulans on 
orange peel waste. Microbiologie-Aliments-Nutrition (1985) 3, 
39-45 [En, 17 ref., I fig., 4 tab.] Istituto di Biologia Vegetale, 
Sezione di Microbial. Univ. Perugia, Perugia, Italy. 

An active str. of A. pullulans was selected for the produc
tion of pectinase and protein from orange-processing wastes. 
The organism grew well on orange peel-based substrates releas
ing high levels of polygalacturonase (poly(! ,4-a·D galacturo· 
nide) glycenohydrolase EC 3.2.1.15) activity in the 
fermentation broth. The enzyme yield depended strictly upon 
medium composition: a contemporarr_ presence of yeast extract 
(0.1%) and ammonium sulphate (0.2%) was, in fact, necessary 
for maximum enzyme production. After fermentation, orange 
peel crude protein content increased 10· to 12-fold (from less 
than 2% to about 20%) and, on the basis of its essential amino 
acid profile, the protein appeared to be of fair quality, equivalent 
at least to that of other yeasts. 

2035 NANNINGA, H. J.; GOTTSCHAL, J. C. Microbial 
problems with waste from potato-starch processing. Microbio
logical Sciences (1986) 3 (6) 179-182 [En, 36 ref., 3 tab.] Dep. 
Microbial., Univ. Groningen, 9751 NN Haren, Netherlands. 

Problems connected with the anaerobic treatment of potato 
wastewater, especially as a result of the presence of considerable 
quantities of protein, sulphite and phosphorus, and caused by 
the extensive production of ammonium and sulphide in most 
treatment plants, are discussed. Possible ways to overcome these 
problems are considered. 

2036 MCCOMIS, W. T.; LITCHFIELD, J. H. Meat, fish, and 
poultry processing wastes. [Review]. Journal Water Pollution 
Control Federation (1985) 57 (6) 570-573 [En, 41 ref., I tab.] 
Battelle Columbus Laboratories, Columbus, OH 43201, USA. 

This review of treatment of wastes from these industries 
includes discussion of biological treatment methods. 

2037 MORRELL, R. A.; SCHMIDT, H. E., JR. Fruit, vegeta
ble, and grain wastes. [Review]. Journal Water Pollution 
Control Federation (1985) 57 (6) 573-575 [En, 27 ref., I tab.] 
Post, Buckley, Schuh & Jernigan, Inc., Orlando, FL, USA. 

This review includes discussion of biological treatment of 
these wastes. 

Fermentation industry 

See also abst. 1973 

2038 FERRAZ, C. A. M.; AQUARONE, E.; KRAUTER, M.; BAL· 
LONI, W.; FLORENZANO, G. [Utilization of by-products from 
the alcoholic fermentation industry to produce biomass of Spiru
lina maxima. Part II - Use or molasses alcohol distillate 
waste.] Utiliza~iio de sub-produtos da indUstria alcooleira na 
obten~ao de biomassa de Spiru/ina maxima. Parte II -
Emprego do residua da destila~;io do mosto fcrmentado 
(vinha~a). Revista de Microbiologia (1986) 17 (I) 15-21 [Pt, 
en, 17 ref., 6 fig., 1 tab.] Dep. Tecnologia Bioquimico
FarmacC:utica, Fac. Ciencias Farmaceuticas USP, Caixa Postal 
30786, 01051 Sao Paulo, SP, Brazil. 

Utilization of molasses alcohol distillate waste as a nutrient 
source for S. maxima at laboratory scale and under artificial 
light, yielded a similar growth of the cyanobacterium to control 
cultures. 

2039 CHIESA, S. C.; MANNING, J. F., JR. Fermentation 
industry. [Review]. Journal Water Pollution Control Federa
tion (1985) 57 (6) 575-577 [En, 25 ref.] Dep. Civil Mineral 
Eng., Univ. Minnesota, Minneapolis, MN 55455, USA. 

This review of methods for the treatment of wastes from 
breweries, wineries, the pharmaceutical industry, alcohol fuel 
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production and distilleries includes biological treatment of these 
wastes. 

Dairies 

See also absts. 1996, 2033 

2040 WELSH, F. W.; VELIKY, I. A. The metabolism of 
lactose by Clostridium acetobutylicum. Biotechnology Letters 
(1986) 8 (I) 43-46 [En, I 0 ref.] Div. of Bioi. Sci., National Res. 
Council, Ottawa, Ontario KIA OR6, Canada. 

Cheese whey and whey ultrafiltrates can be used as sub
strates for the production of acetone and butanol by Clostrid
ium acetobutylicum. The ctfect of ditferent lactose 
concentrations on acetone and butanol biosynthesis by C. 
acetobutylicum A TCC 824 at 37•c was studied. Acid produc
tion predominated at I and 3% lactose content. At 5% lactose 
concn., butanol production predominated. Solvent production 
was greater in static cultures than in shaken cultures. 

2041 SOBCZAK, E.; KONIECZNA, E. Selection of bacteria 
strains for propionic fermentation applied in tbe production of 
consenants. Annals of Warsaw Agricultural University 
SGGW-AR, Food Technology and Nutrition (1984) No. 16, 
39-44 [En, pi, 10 ref.] Dep. of Fermentation & Fruit & Veg. 
Tech., Warsaw Agric. Univ., SGGW-AR, 02-528 Warsaw, 
Poland. 

Several strains of propionic acid bacteria were grown in 
deproteinized whey at pH 6.8, and l strain (Propionibacterium 
rubrum T-117) was selected on the basis of its ability to produce 
high amounts of propionic acid. P. rubrum was ~rown in the 
whey medium for 96 h at 28 •c with the pH adjusted to 6.8 
every 12 h. The cultured whey medium, added at 0.1-0.5% to 
barley grains, had a better preservative effect against mould 
growth than a mixture of pure propionic and acetic acids. When 
the preserved grain is to be used in breadmaking, the amount of 
cultured whey used as preservative should not exceed 0.3%, 
otherwise the yeast used to make the dough is inhibited. 

2042 SCHAEFER, 0.; VIENNE, P.; STOCKAR, U. VON Alcohol 
production from whey permeate by yeast and by a thermophile 
strain. Conservation & Recycling (1985) 8 (1(2) 153-164 [En, 
33 ref.] Inst. of Chern. Eng., Swiss Fed. Inst. o Tech., CH-1015 
Lausanne. Switzerland. 

Research performed to explore the potential of converting 
lactose in whey into ethanol as a means of whey utilization in 
Switzerland is reviewed. Kluyveromyces fragilis NRRL 665 
decreased the effluent lactose content of unconcentrated whey 
permeate to 2% of original concn .• with an hourly volumetric 
ethanol productivity of 5 gfl. Performance of K. fragilis was 
decreased greatly when concentrated permeates were used, 
mainly due to inhibition by high ethanol concn. Since the etha
nol could be removed by fermenting at high temp., use of ther
mophilic bacteria was investigated. Preliminary results obtained 
with Thermoanaerobacter ethanolicus JW 200 were promising. 

2043 BUBYRENKO, T. A. [Possible direction of utilization of 
whey.\ Molochnaya Promyshlennost' (1985) No.4, 25-27 [Ru, 
4 ref. Kemerovskil Tekh. Inst. Pishchevol Promyshlennosti, 
Kemerovo, USSR. 

Production of citric acid from whey was studied by sub
merged culturing of 2 strains of Aspergillus niger in 250-ml 
flasks and also in a pilot installation using whey with a DM 
content of 6-40% at pH 3-4.7, an incubation temp. of 25-36•C, 
aeration at 0.1-ll air/1 culture medium per min. Max. yield of 
citric acid (32.4 kg/t whey) was obtained with whey concen· 
trated to 10% DM. the following industrial procedure is recom
mended on the basis of the tests; filtration of whey heated to 90-
95•c, adjustment to pH 6.25-6.5, filtration, 2-4-fold concentra
tion, acidification, sterilization, cooling to 25-28°C, inoculation 
with A. niger and incubation at 32-35°C for 2.5-3.5 days with 
sterile air aeration. Citric acid is extracted from the culture 
filtrate; the mould mycelium can be used as an animal feed. 

2044 WALKER, L. P.; PELLERIN, R. A.; RAo, A.M.; HANG, Y. 
D.; KALTER, R. J.; BOISVERT, R.N.; GABLER, E. C. Feasibility 
assessment of whey-based ethanol facilities. Energy in Agricul
ture (1985) 4 (2) 93-107 [En, 24 ref.] New York State Coli. of 
Agric. & Life Sci., Cornell Univ., Riley-Robb Hall, Ithaca, 
New York 14853, USA. 
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Economic feasibility of converting cheese whey to ethanol 
in New York State was assessed. Based on the availability of 
whey, 3 regions were considered suitable and a total of 9 plants 
(with annual capacities of 6.34, 9.46 or 18.93 million I ethanol) 
were considered, 8 using batch and l using continuous fermen
tation processes. For each plant design, the appropriate design 
base, the process components and other technical considera
tions, necessary material flows, energy Haws, and the associated 
capital and operating costs were developed. Process components 
considered include reception and storage of feedstock, medium 
sterilization. yeast culture, fermentation, distillation, by-prod
uct recovery and waste treatment, and plant support. Net 
energy balances were calculated by subtracting the energy con
sumed in producing feedstock (i.e. in concentrating whey and 
transporting it to the plant) and in converting it to ethanol from 
the energy values of ethanol + byproducts. Assuming that etha
nol has an energy value of 23 411 kJ II and that the energy 
required to concentrate deproteinized whey from 6 to 40% TS is 
24 519 kJ /1 ethanol, each plant would operate with an energy 
deficit in the range 13 415-15 165 kJ/1. However, if the 'energy 
penalty' for condensing whey is disregarded (i.e. considered as a 
waste disposal cost in cheese manufacture), then net energy 
balances are positive. Results are also expressed as net liquid 
fuel energy balances. Capital and operating costs are summa
rized in a table. An extensive economic assessment was carried 
out (details not included) and the results expressed as 'after tax 
net ~resent value'. It is concluded that a whey-based ethanol 
facihty is commercially feasible, that the largest capacity plant 
is more favourable in economic terms, and that the continuous 
fermentation plant is less profitable than plants using batch 
fermentation. 

2045 LlNKO, P. Biotechnology in whey valorization. Devel
opments in Food Science (1984) 9 (Food industries and the 
environment) 221-227 ISBN 0-444-99606-0 [En, 25 ref.] Dep. 
Chern., Helsinki Univ. Tech., 02150 Espoo, Finland. 

Use of biotechnology for processing the lactose in whey is 
discussed, with particular regard to use of immobilized fl-O
galactosidase for production of hydrolysed syrups, use of immo
bilized yeasts for ethanol fermentation, and usc of immobilized 
lactobacilli for lactic acid production. 

2046 KOSARIC, N.; WIECZOREK, A. Fermentative utiliza
tion of food industry liquid wastes (by-products) such as cheese 
whey for speciality products, single cell proteins and fuel alcohol 
production. Developments in Food Science (1984) 9 (Food 
industries and the environment) 229-239 ISBN 0-444-99606-0 
[En, 17 ref.] Chern. & Biochem. Eng., Univ. Western Ontario, 
London, Ont. N6A 5B9, Canada. 

After presenting data on whey production, disposal and 
utilization in Canada and on composition of different types of 
whey, the authors discuss the usc of whey for production of yeast 
biomass, alcoholic beverages, fuel ethanol, antibiotics and morel 
mushrooms (Morchel/a crassipes). A process for production of 
fuel ethanol from Jerusalem artichoke juice + whey, using 
Kluyveromyces marxianus and K. fragilis, is described in par
ticular detail. 

2047 WHALEN, P. J.; SHAHAN!, K. M.; LOWRY, S. R. A 
process for cofermentation of whey and corn to produce indus
trial alcohol. Biotechnology and Bioengineering Symposium 
(1985, pub!. 1986) No. 15,117-128 [En, 23 ref.] Dep. Food Sci. 
& Tech., Univ. Nebraska, Lincoln, NE 68583-0919, USA. 

A maizeemash was prepared from 541 g maize meal heated 
with 2.62 I whey permeate from a Mozzarella cheese factory. 
The mash was treated with a-amylase and inoculated with 
Kluyveromyces fragilis and Saccharomyces cerevisiae simultae 
neously or by a staggered process in which K.fragilis was added 
first and S. cerevisiae after 6-12 h. With either method of inocu
lation, a glucoamylase was added half way through the 72 h 
fermentation at 30°C.Simultaneous addition of both yeasts 
resulted in 7.95% ethanol production, whereas the staggered 
method yielded 9.75% in 72 h. This increased yield was due to a 
complete utilization of lactose. K. fragilis first utilizes all the 
glucose present and then utilizes the lactose. Utilization of malt
ose begins after addition of S. cerevisiae. The wheyemaize pro
cess for alcohol production has a whey requirement only 22.5% 
of that when whey alone is used. A wheyemaize plant with an 
annual ethanol production of I million gal would require 225 
000 lb whey daily, a quantity that can be met by I medium-sized 
cheese plant or 2 smallescale cheese producers. Existing small-
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scale ethanol plants, with whey sources readily available to 
them, should be able to adapt the whey-maize procedure to 
existing equipment. Economics of the process are discussed. 

2048 TU, C. W.; JAYANATA, Y.; BAJPAI, R. Factors affect
ing ethanol production from cheese whey. Biotechnology and 
Bioengineering Symposium (1985, pub!. 1986) No. 15,295-305 
[En, 14 ref.] Dep. Chern. Engineering, Univ. Missouri, Colum
bia, MO 65211, USA. 

Spray-dried sweet cheese wheys from the manufacture of 
Mozzarella and Cheddar cheeses, were reconstituted in water at 
250 gfl and deproteinized by heating at 75, 100 or 121 'Cat pH 
4.0, 4.5, 5.0 or 5.9. Ethanol production by Kluyveromyces mar
xianus was max. in whey solutions deproteinized at pH 4.5 at 
75, 100 or 121 'C. Optimum conditions for ethanol production 
by K. marxianus in the deproteinized whey were at pH 5.5-6.0 
and 30-35'C with shaking. The slower ethanol production in the 
Mozzarella cheese whey medium is attributed to the presence of 
higher amounts of monosaccharides (particularly galactose) 
than in the Cheddar cheese whey. 

2049 CAPOOR, A. K.; KISHAN SINGH Fermentation of whey 
by lactose utilizing yeast for SCP production and BOD reduc
tion. Indian Journal of Dairy Science ( 1985) 38 (I) 15-17 [En, 
8 ref.] Div. Dairy Microbial., National Dairy Res. lnst., Kamal 
132001, India. 

Candida pseudotropicalis, Kluyveromyces fragi/is and 
Saccharomyces fragilis were inoculated at 1, 3, 5 or 10% into 
paneer whey. Biomass production increased with inoculum 
level, 10% inoculum of the 3 organisms resp. producing 5.42, 
6.74 and 8.15 g/1, with crude protein recovery of 2.05, 2.94 and 
3.93 g/1 and pH of6.4, 4.38 and 4.70after 72 hat 30'C in shake 
culture. The% lactose utilized was correspondingly 58.9, 95.5 
and 97.5. The reduction in BOD of the whey during incubation 
at 30'C for 72 h with the 3 organisms, resp., (10% inoculum) 
was 33.9, 73.2 and 74.6%. 

2050 CAPOOR, A. K.; KISHAN SINGH Protein and alcohol 
production by yeast in clarified and supplemented whey. Indian 
Journal of Dairy Science (1986) 39 (I) 54-59 [En, 9 ref.] Div. 
Dairy Microbial., National Dairy Res. Inst., Kamal 132001, 
India. 

Max. biomass yields of Candida pseudotropica/is, 
Kluyveromyces fragilis and Saccharomyces fragi/is in clarified 
paneer whey after incubation for 72 hat 30°C were 5.56, 7.93 
and 10.70 g/1 resp. using 10% inoculum; this corresponded to a 
crude protein recovery of I. 74,3.05 and 4.72 gfl. Supplementa
tion of the whey with up to 5% urea had an inhibitory effect 
upon biomass yield at both pH 5.8 and 4.5. Supplementation 
with up to 1.5% (NH4) 1S04 enhanced the yield of C. pseudo
tropica/is but slightly inhibited yields of the other 2 organisms. 
Lactose utilization by the 3 organisms resp. during incubation 
for 72 hat 30'C was 60.3, 98.0 and 97.0%. C. pseudotropica/is 
gave poor alcohol yields (1.06%) when incubated in paneer 
whey, but yields of 3.98, 4.45 and 5.0% alcohol were recorded 
when S. fragilis, K. fragi/is 3217 and K. fragilis 3358, resp., 
were inoculated at 10% into clarified whey (with initial pH 5.8 
and a lactose concn. of 9.98%) and incubated at 37'C for 72 h. 

2051 HAAST, J. DE; BRITZ, T. J.; NOVELLO, J. C. Effect of 
different neutralizing treatments on the efficiency of an anaerobic 
digester fed with deproteinated cheese whey. Journal of Dairy 
Research (1986) 53 (3) 467-476 [En, 21 ref.] Dep. Dairy Sci., 
Univ. Orange Free State, PO Box 339, Bloemfontein 9300, 
South Africa. 

Deproteinatcd whey, prepared from dried sweet whey, was 
digested anaerobically in a downftow fixed-bed reactor at 35'C. 
Different pH control treatments were a&lied over 210 days. 
Initially NaOH was added at 68 m-equiv. I substrate. This was 
successfully replaced by 80 m-equiv. Na2 0 3/1, which resulted 
in a 15.5% increase in biogas production and a 6.7% increase in 
CH4 production. A decrease in the quantity ofNa1C03fl added 
led to signs of instability and a drop in CH4 productiOn. The 
stepwise addition of urea restored the stability, and a further 
increase of urea, to about 20 m-equiv./1, made it rossible to 
replace Na2C03 completely. When all pH contra measures 
were omitted, complete failure resulted within 10 days. Meth
ane yields, under stable conditions, varied between 0.321 and 
0.272 m3 /kg chemical oxygen demand (COD) removed, which 
corresponded to 92 and 78% of the theoretical yields. Carbon 
balances indicated that 60.8-68.5% of the C fed was converted 
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to biogas. No toxicity was observed at a C/N ratio of 7.7. This 
was in contrast to previous results where toxicity had occurred 
at the same CfN ratio but at a higher concn. of Na. 

2052 KEMP, D. L.; QUICKENDEN, J. Whey processing for 
profit- a worthy alternative. International Industrial Biotech
nology (1986) 6 (2) 6 pp. [En, 6 fig., 2 tab.] Hanworthy Waste 
Treatment Systems, Hanworthy Engineering Ltd., Poole, Dor
set, UK. 

A paper presented at the Biotechnology Centre Wales 
B.A.B.A. Semmar, The Biomass Industries- The Impact of 
Biotechnology, Swansea, 2-3 April 1985. The anaerobic diges
tion of whey to give a gas rich in methane and a final effluent 
which can be readily discharged to sewers or further treated for 
disposal to local water courses is discussed. 

2053 RUSSELL, I. Will a recombinant DNA yeast be able to 
solve whey disposal problems? Trends in Biotechnology (1986) 
4 (5) 107-108 [En, 9 ref.] Labat! Brewing Company, Produc
tion Res. Dep., London, Ont., Canada N6A 4M3. 

An account of the construction of strs. of Saccharomyces 
cerevisiae capable of utilizing lactose by means of a DNA insert 
from Kluyveromyces lactis. 

2054 PICO, R. F. Dairy wastes. [Review]. Journal Water 
Pollution Control Federation (1985) 57 (6) 577-578 [En, 18 
ref.] Kraft, Inc., Glenview, IL 60025, USA. 

The treatment, including biological treatment, of dairy 
wastes is discussed. 

Sugar refineries 

See also abst. 2033 

Pharmaceutical industry 

See also abst. 2039 

Chemical industry 

2055 COWAN, B. W.; STOVER, E. L. Petroleum processing 
and synthetic fuels. [Review]. Journal Water Pollution Con
trol Federation (1985) 57 (6) 596-599 [En, 49 ref.] Scholler, 
Box 26968, Philadelphia, PA 19134, USA. 

The treatment, including biological treatment, of waste
waters produced during petroleum processing and the produc
tion of synthetic fuels are reviewed. 

2056 PINO, M. P. DEL Chemicals and allied products. 
[Review]. Journal Water Pollution Control Federation (1985) 
57 (6) 614-619 [En, 91 ref.] Union Carbide Crop., Tech. Cent., 
Box 8361, South Charleston, WV 25303, USA. 

This review of the treatment of chemical wastes includes 
discussion of biological treatment of industrial wastes from the 
chemical industry. 

Pulp and Paper industry 

2057 GILLESPIE, W. J. Pulp and paper effluent management. 
[Review]. Journal Water Pollution Control Federation (1985) 

57 (6) 587-591 [En, 59 ref.] 
The topic is reviewed, including discussion of biological 

treatment of these effluents. 

2058 NITCHALS, D. R.; BENJAMIN, M. M.; FERGUSON, J. F. 
Combined anaerobic treatment of two waste streams from the 
sulfite pulping process. Journal Water Pollution Control Feder~ 
ation (1985) 57 (3 part I) 253-262 [En, 6 ref., 9 fig., 6 tab.] 
Dep. Civil Eng., Univ. Washington, Seattle, WA 98195, USA. 

The feasibility and limitations of anaerobic treatment of 
various waste streams from pulp and paper mills were studied. It 
was concluded that anaerobic treatment was a viable option for 
treatment of evaporator condensates from both the Kraft and 
acid sulphite (SEC) processes. An evaluation of toxicity and 
biodegradability of a strong caustic extraction (CE) waste, an 
assessment of the use of CE to neutralize SEC waste and results 
of an anaerobic treatability study of a mixed SEC-CE waste 
stream are reported. 



Textile industry 

2059 GROFF, K. A.; KIM, B. R. Textile wastes. (Review]. 
Journal Water Pollution Control Federation (1985) 57 (6) 
585-587 [En, 39 ref.] B.R. Kim, Sch. Civil Eng., Georgia Inst. 
Techno!., Atlanta, GA 30332, USA. 

Treatment of textile wastes is reviewed, including biologia 
cal treatment. 

Rubber and Plastics industry 

2060 RAMSAY,B.A.;ZNOJ,G.M.;COOPER,D.G. Useofa 
nylon manufacturing waste as an industrial fermentation suba 
Strate. Applied and Environmental Microbiology (1986) 52 (I) 
152-156 [En, 12 ref., 3 fig., 5 tab.] Dep. Chern. Eng., McGill 
Univ., Montreal, Que. H3A 2A7, Canada. 

Nonvolatile residue (NVR), a waste stream from the mana 
ufacture of nylon 6'6', contains mainly small carboxylic acids 
and alcohols, making it a potential fermentation substrate. 
Above a concn of 1.3% (wtfvol), NVR inhibited the growth of 
all microorganisms tested. The most inhibitory of the major 
NVR components were the monocarboxylic acids (C4 to C6) and 
<·caprolactone. The inhibitory effects of NVR could be avoided 
by using a carbonalimited chemostat. Microorganisms were 
found that could use all of the major NVR components as 
carbon and energy sources. One such organism, Pseudomonas 
cepacia, was grown in a carbon-limited chemostat with a 
medium feed concn of 20.5 g of NVRflitre. At a dilution rate of 
0.14/h the yield of biomass (Y J1• where xis biomass produced 
and sis substrate used) from NVR was 18% (neglecting the 
water content ofNVR).It was concluded that NVR would be a 
suitable carbon source for certain industrial fermentation 
processes such as the production of poly-iJ·hydroxybutyric acid. 

Mining industry 

2061 JONGE.JAN, A. Observations on a microbial cellulose 
degradation process that decreases water acidity. International 
Biodeterioration (1986) 22 (3) 207-211 [En, 23 ref., 2 fig., I 
tab.] Canada Cent. Mineral & Energy Techno!., Mines & 
Resources Canada, Ottawa, Ont., Canada. 

Conditions in a practical acid mine water pollution abate
ment procedure, in which a microbial cellulose degradation pro
cess, involving wood waste, produces the organic nutrients and 
acidity decrease required by sulphate reducing bacteria, is 
described. It is concluded that 2 groups of bacteria, acidity 
decreasing and cellulolytic, are involved in the process and that 
these groups require different oxygen conditions. It is suggested 
that overflow batHes should be provided in the mine water 
stream flowing through the wood waste for local aeration to 
produce a variation in oxygen contents which would stimulate 
growth in both groups of bacteria. 

Coke industry 

2062 CHMtELOWSKI, J.; KLAPCINSKA, B. Bioaccumulation 
of germanium by Pseudomonas putida in the presence of two 
selected substrates. Applied and Environmental Microbiology 
(1986) 51 (5) 1099-1103 [En, 18 ref., 4 fig.] Dep. Biochem., 
Univ. Silesia, 40-032 Katowice, Poland. 

The uptake of germination by P. put ida ATCC 33015 was 
studied in the presence of catechol or acetate or both as repre
sentative substrates differing in their ability to form complexes 
with this element. The bacteria were taken from a batch culture 
grown on acetate as the sole carbon source. Cells introduced into 
a medium containing germanium and either catechol or a mix
ture of catechol and acetate accumulated germanium in a 
biphasic way. After a lower level of accumulation that corre
sponded to the value obtained in the presence of acetate was 
reached, a further increase in the germanium content up to a 
higher saturation level was observed. The appearance of the 
second step of accumulation, which corresponded to the linear 
degradation of catechol, proved that catechol facilitated the 
transport of germanium into the cells through the nonspecific 
uptake of the germanium-catechol complex by an inducible 
catechol transport system. The possible role of this system in the 
recovery of germanium from wastewaters of coke technology is 
considered. 
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2063 CHUNG, N. K. Steel industry wastes. [Review]. 
Journal Water Pollution Control Federation (1985) 57 (6) 
610·611 [En, 12 ref.] Melcalf & Eddy, Inc., Wakefield, MA 
01880, USA. 

Treatment, including biological treatment, of steel industry 
and coke plant wastes, is discussed. 

Metal and Engineering industries 

See also abst. 2063 

Power generation 

2064 IWANSKI, M. L.; CHU, T. J. Power industry wastes. 
[Review]. Journal Water Pollution Control Federation (1985) 
57 (6) 599-610 [En, 183 ref., I tab.] Tennessee Valley Author
ity, Knoxville, TN 37902, USA. 

Treatment, including biological treatment, of wastes pro
duced by hydroelectric, fossil-fueled and nuclear power plants is 
reviewed. 

BIODEGRADATION ORGANISMS 

Bacteria 

See also absts. /999, 2004-2005, 2012, 2024-2025, 2029-
2030, 2033, 2041-2042, 2053, 206/-2062 

2065 NAKAMURA, K.; MISAWA, N.; KITAMURA, K. Cellu
lase genes of Ce/lulomonas uda CB4. I. Cloning and expression 
of P-glucosidase genes in Escherichia coli. Journal of Biotech
nology (1986) 3 (4) 239-246 [En, 13 ref., 4 fig., I tab.] Applied 
Biosci. lab., Kirin Brewery Co., Ltd., Takasaki, Gun rna 370-12, 
Japan. 

2066 NAKAMURA, K.; MISAWA, N.; KITAMURA, K. Cellu
lase genes of Cellulomonas uda CB4. II. Cloning and expression 
of a CM-cellulose hydrolyzing enzyme (endoglucanase) gene in 
Escherichia coli. Journal of Biotechnology (1986) 3 (4) 247-
253 [En, 13 ref., 5 fig., I tab.] Applied Biosci. Lab., Kirin 
Brewery Co., Ltd., Takasaki, Gunma 370 12, Japan. 

Actinomycetes 

See also abst. 20/3 

Fungi 

See also absts. /844, /848, /996, 2000-2003. 20/0, 2017. 
2019. 2026-2027, 2042-2043. 2047-2050 

2067 ZHANG, Y. Z.; ZYLSTRA, G. J.; OLSEN, R. H.; REDDY, 
C. A. Identification of eDNA clones for ligninase from 
Phanerochaete chrysosporium using synthetic oligonucleotide 
probes. Biochemical and Biophysical Research Communica
tions (1986) 137 (2) 649-656 [En, 22 ref., 2 fig.] Dep. 
Microbial. Public Health, Michigan State Univ., East Lansing, 
Ml 48824·1101, USA. 

2068 WJJSMAN, M. R.; BRUINENBERG, P. M.; DJJKEN, J. P. 
VAN; SCHEFFERS, W. A. Incapacity for anaerobic growth in 
xylose-fermenting yeasts. [Abstract]. Antonie van 
Leeuwenhoek (1985) 51 (5/6) 563-564 [En, 3 ref.] Lab. 
Microbial., Delft Univ. Techno!., 2628 BC Delft, Netherlands. 

Facultatively fermentative xylose-assimilating yeasts stud
ied with either xylose or glucose as the fermentable substrate 
required a supply of oxygen for biomass synthesis, although not 
for ethanol production. 
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2069 PATERSON, R. R. M.; DUNN, R. The Commonwealth 
Mycological Institute Biochemistry Laboratory - its reJeyance 
to biotechnology. International Industrial Biotechnology 
(1986) 6 (3) 120-122 [En, 2 ref., 3 tab.] Biochem. Lab., Culture 
Collection Industrial Services, Commonw. Mycol. lnst., Kew, 
Surrey TW9 3AF, UK. 

The role of the laboratory in the analysis of metabolites of 
fungi and the assessment of potentially innovative processes 
from these fungi is discussed. 

2070 BISWAS, S. R.; MISHRA, A. K.; NANDA, G. Xyla
nolytic activity of Aspergillus ochraceus·42. Current Science, 
India (1986) 55 (7) 351-352 [En, 12 ref., 1 tab.] Dep. 
Microbiol., Bose lnst., Calcutta 700 009, India. 

This str. was isolated during a screening programme for 
xylanase producing microorganisms from soils of W. Bengal. 
Xylanase activity was determined by measuring the reducing 
sugar liberated from larch wood xylan (Sigma Chemicals Co., 
USA). The enzyme produced by this str. also acts on the 
hemicellulosic parts of various agricultural wastes such as 
wheat straw, rice straw, etc. and could be utilized for the eco
nomical production of xyloase, ethanol and other chemicals. 

Higher Plants 

See also absts. 1971-1972 

Higher Animals 

See also abst. /96/ 

REPORTS 

See also abst. 1495 

2071 DANISH PEST INFESTATION LABORATORY Annual report 
1984. Lyngby, Denmark; Danish Pest Infestation Laboratory 
(1985) 99 pp. [En, da, 15 ref., 2 fig.] Skovbrynet 14, DK-2800 
Lyngby, Denmark. 

This report on vertebrate and invertebrate pest control in 
Denmark includes sections on mosquitoes, Simuliidac, Musca 
domestica (including chemical and microbial insecticides), flies 
on graZing cattle, cockroaches, Monomorium pharaonis, Cte
nocepha/idesfelis, grain pests, mites in stored rape seed, and the 
timber pest Hylotrupes bajulus. 

CONFERENCES 

See also absts. 1768, 1779 

2072 HOLLO, J. (EDITOR) Food industries and the environ
ment. Amsterdam, Netherlands; Elsevier Developments in 
Food Science (1984) 9, xii + 578pp. ISBN 0-444-99606-0 [En, 
many ref.] Cent. Res. Inst. for Chern., Budapest, Hungary. 

This publication contains about 60 papers dealing with 
environmental protection in the food industry, presented at an 
international symposium in Budapest (Hungary) on 9-11 Sept. 
1982. Papers abstracted have been indexed under Conferences, 
Food industries and the environment. 

2073 Scorr, C. D. (EDITOR) Seventh symposium on bio
technology for fuels and chemicals. Biotechnology and 
Bioengineering Symposium (1985, publ. 1986) No. 15, xxi + 
741 pp. [En, many ref.] Oak Ridge National Lab., Oak Ridge, 
TN 37831, USA. 

Proceedings of the 7th symposium on biotechnology for 
fuels and chemicals, held in Gatlinburg, Tennessee, USA on 14-
17 May 1985, are presented in this volume 3 papers concerned 
with whey utilization are abstracted separately and can be 
traced via the subject index under Conferences, Biotechnology 
for fuels and chemicals. 

2074 [Interlab meeting, Thiene, 30 May 1985.] Convegno 
Interlab, Thiene, 30 maggio 1985. Scienza e Tecnica Lattiero
Casearia (1985) 36 (5, Suppl.) 407-548 [It] 

International Biodeterioration 1986 Vol. 22 No. 4 

Abstracts of 6 papers from this meeting, organized by 
lnterlab in conjuction with the dairy research institute at 
Thiene, Italy, can be traced via the subject index under Confer
ences, lnterlab. 

2075 PIERSON, M. D.; STERN, N.J. (EDITORS) Foodbome 
microorganisms and their toxins: developing methodology. New 
York, USA; Marcel Dekker Inc. (1986) xvi + 475pp. ISBN 0-
8247-7607-0 [En, many ref., Price $59.75 (USA, Canada), 
$71.50 (other countries)] Dep. Food Sci. & Tech., Virginia 
Polytech. Inst. & State Univ., Blacksburg, VA 24061, USA. 

This publication contains the 20 communications presented 
at a symposium on food microbiology, sponsored jointly by the 
Institute of Food Technologists (1FT) and the International 
Union of Food Science and Technology. This symposium (the 
9th in the 1FT basic series) was held on 7-8 June 1985 and was 
mainly concerned with analytical techniques for measuring 
microorganisms and their toxins in foods, spoilage of foods, the 
prediction of shelf-life and public health aspects of foodborne 
microorganisms. 

2076 Proceedings of the Third International Working Confer
ence on Stored-Product Entomology. October 23-28, 1983, 
Kansas State University, Manhattan, Kansas USA. Manhattan, 
Kansas, USA; Kansas State University (1984, reed. 1986) x + 
726 + 7pp. [En, many ref., many fig., 275 X 210 mm] 

Over 70 papers are contained in this conference report, 
some of them as abstracts only. They were presented at sympo
sia on basic biology and ecology; chemical control; non-chemi
cal control; the identification of pest problems; and integrated 
pest management and extension. Relevant papers that are pub
lished in full arc noticed elsewhere. 

2077 INDIA, TIMBER DEVELOPMENT ASSOCIATION Proceed
ings of the 'Workshop on wood protection' organised by The 
Timber Development Association of India in co-operation with 
the Indian Academy of Wood Science and Forest Research Insti· 
tote and Colleges, Debra Dun at New Forest, Debra Dun on 
20.1.83. Journal of the Timber Development Association of 
India (1983) 29 (2) 12-39 + 3 pl. [En, 16 ref.] P.O. New Forest, 
Debra Dun, India. 

A report on the workshop held to determine the needs and 
methods of preserving timber in India, and including a summary 
of the recommendations of the meeting. 

2078 SOUTH AFRICA, NATIONAL TIMBER RESEARCH INSTI· 
TUTE Proceedings volume I. Wood protection (4). Fundamental 
studies (16). In Symposium on forest products research inter· 
national - achievements and the future, 22-26 April /985, 
Pretoria, South Africa. South Africa; Council for Scientific 
and Industrial Research (1985) ISBN 0-7988-3374-2 [En] 
NTRI, PO Box 395, Pretoria 0001, South Africa. 

Thirty-one papers were presented in the 2 sections. 
Twenty-nine are noticed separately. Two, by Coggins, C.R. (on 
CCA preservatives) and Lipschitz, N. (Environmental control 
of wood anatomy), were not available for inclusion in the 
printed proceedings. 

2079 GERMAN FEDERAL REPUBLIC, DEUTSCHE VETER· 
INARMEDIZINISCHE GESELLSCHAI'f (German Veterinary Associ
ation. 26th meeting on food hygiene, Garmiscb-Partenkirchen, 
30th September-3rd October 1985.] 26. Arbeitstagung des 
Arbeitsgebietes Lebensmittclhygiene, Garmisch
Partenkirchen, 30 September bis 3 Oktober 1985. D-6300 Gies
sen, German Federal Republic; Frankfurter Strasse 87 (1985) 
457pp. ISBN 3-924851-03-4 [De, 44 contributions; Chairman; 
G. Beck] 

Papers on the general theme of "Concepts and future 
trends m food hygiene" are divided into sections on meat 
hygiene and slaughtering (with special reference to meat qual
ity); food hygiene proper (parllcularly bacterial contamina
tion); milk hygiene (8 contributions); and food legislation. 



BOOKS 
2080 GOATER, B. British pyralid moths. A guide to their 
identification. Colchester, UK; Harley Books (1986) 175pp. 
ISBN 0-946589-08-9 (En, 5 pp. of ref., 8 col. pl., 12 fig., 22X16 
em, Price £I 8.95] 

It is about 35 years since the last major publication on the 
British Pyralidae, and this book provides an up-to-date account 
of the 208 British species now known. The additional 34 species 
since the earlier publication are mainly previously unrecognized 
species, new arrivals, migrants, accidental introductions and 
some exotics that have become established on ornamental 
aquatic plants in greenhouses. A considerable number of the 
species dealt with are pests of crops, forest trees, ornamental 
plants or stored products. A checklist of the British Pyralidae is 
followed by descriptions of the adult moths (in general terms 
and by species in 12 subfamilies). The adults of all species are 
illustrated in colour, and line drawings are included where nec
essary to illustrate diagnostic features. Although called an iden
tification guide, this r,ublication is more than that, and the 
accounts of species inc ude notes on their biology, food-plants or 
foods, pest status (where relevant) and British distribution. This 
attractively produced book is likely to interest all those inter
ested in natural history and the smaller Lepidoptera, and to be 
of value for economic entomologists not only in the UK but in 
many other areas, especially because of its relevance to stored
products and other pests. 

2081 StNHA, R.N.; WATTERS, F. L. Insect pests of flour 
mills, grain elevators, and feed miUs and their control. Publica
tion, Agriculture Canada (1985) No. 1776, 290fP· ISBN 0-
660-11748-7 [En, 12 pp. of ref., 71 fig. (incl. col.) Agriculture 
Canada, Research Station, Winnipeg, Manitoba, Canada. 

The first part of this book is of international relevance and 
includes chapters on the stored-grain ecosystem, the influence of 
climate on stored-froduct insects (with an index of their adapta
bility), the genera characteristics of insects (with special refer
ence to the Coleoptera, Lepidoptera and Psocoptera as stored
products pests and Hymenoptera as their natural enemies), the 
biological and ecological features of stored-product insects 
(presenting an annotated table showing the diStribution, pest 
status, crop infested and several developmental parameters of 
about 100 species of insects associated with stored products), 
the physical and chemical control of stored-product insects, 
resistance of insects to insecticides, and insecticide application 
and safety. The second part of the book is devoted to conditions 
in Canada, and includes chapters on the Canadian grain-storage 
system, the analysis and interpretation of phytosanitary inspec
tion repc;>rts, an analysis of pesticide use, and accounts of the 
reco~mtion, economic importance, injuriousness, geographical 
distnbution, climatic adaptability, food, natural enemies (para
sites, predators and pathogens) and biology of about 20 species 
in Canada. Maps showing the distribution of stored-product 
insects (and mites) in flour mills, grain elevators and feed mills 
in Canada are presented. 

2082 HALLENBERG, N. The Lachnocladiaceae and Coni
ophoraceae of North Europe. Oslo, Norway; Fungiftora (1985) 
96 pp. [En, 16 ref., 63 fig. Obtainable from Fungiflora A/S, 
P.O. Box 95, Blindern, N-0313 Oslo 3, Norway, Price 80 kr] 

2083 LEADBEATER, B. S. C.; RIDING, R. (EDITORS) 
Biomineralization in lower plants and animals. Oxford, UK; 
Oxford University Press (1986) xii + 401 pp. ISBN 0-19-
857702-8 [En, The Systematics Association Special Volume 
No. 30] 

This book is based on the proceedings of an International 
Symposium held at the Universoty of Birmingham, UK in April 
1985. Each chapter, apart from those at the beginning of the 
book which consider broad aspects of biomineralization, deals 
with a particular group of lower plants and animals, including 
prokaryotes (bacteria, cyanobacteria), lichens, calcified algae 
and calcified protozoans, silicified algae and silicified 
protozoans. 

2084 MCGRATH, H.; FELDMESSER, J.; YOUNG, L. D. (EDI· 
TORS) Guidelines for the control of plant diseases and nema
todes. Agriculture Handbook, United States Department of 
Agriculture (1986) No.656, 274 pp. [En] 

This handbook, superseding No. 378 issued Jan. 1974, is 
intended for plant pathologists and research workers rather than 
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individual growers and indicates uses of chemicals and alterna
tive measures for the control of plant diseases affecting crops. It 
contains information, inter alia, on the application of fungicides 
and nematicides, use of pesticides, toxicity, fungicide index, 
acute oral LD50 values of fungicides, seed treatment lists, tables 
of major crop diseases (including fruit and vegetable pos
tharvest diseases) and suggestions for their control and similar 
coverage of nematicides. 

2085 COOMBS, J. (EDITOR) Macmillan dictionary of bio
technology. London, UK; Macmillan Press (1986) 330 pp. [En] 

This dictionary explains all the significant terms, proce
dures and processes encountered in biotechnology. Areas cov
ered include: fermentation; brewing; vaccines; plant tissue 
culture; antibiotic production; production and use of enzymes; 
biomass; byproduct recovery and effluent treatment; equipment; 
processes; microorganisms; biochemicals. 
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and Forest Products Abstracts cumulating 1ndexes 
are 1n preparation and Will cover the penod 1984-1988. 
Requests lor COM 1ndexes covenng other purnals 
are welcomed 

Document Delivery Service 
The ong1nals of most artiCles abstracted lor the 
CAB ABSTRACTS database are available as 
photocop1es Order forms and copynght dectarat1ons 
are pnnted 1n each JOurnal (or are ava1labte 1n bulk). 
Documents may also be ordered online via 01a1og's 
DIALORDER or ESi>;s PRIMORDIAL 

Training 
To help users get best value lor money. 
C A B lnternallonal prov1des user tra1mng and 
education There 1s an annual two-week course 
entitled 'Information on Agnculture 1n Oxlord. 
des1gned to give Information officers and hbranans. 
particularly from devetop1ng countnes, a sound 
background 1n agnculturallnlormatlon prac11ce In 
add1t1on, there are many one-day workshops 1n the 
USA, Europe and elsewhere. lacilltles for on·the·tob 
tra1n1ng at the C A B International Input centres. and 
ta1ior-made courses on data preparation for 
organizations supply1ng 1nput for the database 

ORDERING INFORMATION 
Journals 
Subscnpt1ons should be fully paid by 1 December lor 
the volumes to be issued in the lollow1ng yeat Many 
tournals are ava1iabte at spec1al rates to subscnbers 1n 
member countnes A subscnptlon provides 
entitlement to each part plus the annual1ndex. Rates 
include pack1ng and ma1ling by air to d1stant couPtnes 
wherever the cost can be absorbed Orders should 
be sent to the address below. 
Back numbers, including m1croform ed1t1ons, are 
ava1lable at discounted pnces. Further deta1ls w1ll 
be g1ven on request. 

Enquiries 
For further Information relating to any of our 
publtcalions and services. wnte to: 
Central Sales 
C A B International 
Farnham House. Farnham Royal, 
Slough, SL2 3BN, UK. 
Tel: Farnham Common (02814) 2662 
Telex 84 7964 (COMAGG G) 
Cables Comag Slough 
International D1alcom· 84.CAU001 

Printed by Unwin Brothers ltd,, The Gresham Press, Old Woklng, Surrey, U.K. 
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C·A·B INTERNATIONAL 

Farnham Royal. Slough SL2 3BN. UK 
Telephone: Farnham Common (02814) 2281 

Telex: 847964 (COMAGG G) Cables: Comag Slough 
Telecom Gold: CAU001. DIALCOM: 84 CAU001 

Tl1e Leading 
World Inforn1atioi1 Service 

in Agriculture a11cl 
Related Sciences 

ABSTRACT JOURNALS 
AND SERIAL PUBLICATIONS 

1986 
Animal Science and Production 
M Animal Breeding Abstracts 
M Dairy Sc1ence Abstracts 
A Index ol Current Research on Pigs 
M Nutrition Abstracts & Reviews 

Serres B- LIVestock Feeds & Feeding 
0 Pig News & Information 
M Poultry Abstracts 
Q Small Animal Abstracts 

Veterinary Science and 
Parasitic Diseases 
H Animal Disease Occurrence 
M Helminthological Abstracts 

Series A- An1mal & Human 
Helminthology 

M Index Veterinarius 
M Protozoological Abstracts 
M Review ol Applied Entomology 

Senes B- Medteal & Veterinary 
Q Review ol Medical & Veterinary 

Mycology 
M Veterinary Bulletin 

Crop Science and Production 
M Cotton & TropiCal Fibres Abstracts 
M Crop Physiology Abstracts 
Q Faba Bean Abstracts 
M Field Crop Abstracts 
M Herbage Abstracts 
M Horticultural Abstracts 
Q Irrigation & Drainage Abstracts 
A lentil" Abstracts 
B Maize Abstracts 
M Ornamental Horticulture 
M Plant Breeding Abstracts 
M Plant Growth Regulator Abstracts 
M Potato Abstracts 
B RiCe Abstracts 
M Seed Abstracts 
M Soils & Ferlilizers 
M Sorghum & Millets Abstracts 
M Soyabean Abstracts 
M TropiCal Oil Seeds Abstracts 
B Wheat, Barley & li'iticale Abstracts 

Forestry 
M Forest Products Abstracts 
M Forestry Abstracts 

Crop Protection 
a Biocontrol News & Information 
Q Bulletin of EntomologiCal Aesearch 1 

H Distribution Maps of Pests 
H Distribution Maps of Plant D•seases 
a Helminthologieal Abstracts 

Senes B- Plant Nematology 
M Review of Applied Entomology 

Senes A- Agncurtural 
M Review of Plant Pathology 
M Weed Abstracts 

Economics, Development 
and Sociology 
a leisure, Recreation & Tourism Abstracts 
a Rural Development Abstracts 
a Rural Extension, Education & 

Training Abstracts 
M World Agncullural Economics & Rural 

Sociology Abstracts 

Machinery and Buildings 
M Agricultural Engineering Abstracts 

Food and Nutrition 
M Food Science & Technology Abstracts 

{published by the lnterna!lonat Food 
lntormatoo ServiCe -lftS) 

M Nutrition Abstracts & Reviews 
Series A- Human & Experimental 

Biotechnology 
0 International Biodeterioration2 

Taxonomy 
H Bibliography of Systematic Mycology 
0 Bulletin of ZoologiCal Nomencla1Ure1 

H Descriptions of Pathogenic Fungt & 
Bactena 

A Descriptions of Plant Viruses 
H Index of Fungi 

Agriculture 
T SPAN3 (publisher J G. A. Slevens) 

A a: Annual 8 = Bi·monthly 
H z Hall-yearly M = Monthly 
T = Three issues/year 0 ,.. Quarterly 
1 Primary journal 
2 1ncludes research papers 3 Reviews 
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