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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 
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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. 
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Biodeterioration Society 

The Proceedings of the autumn 1985 
meeting of the Society on the 
Biodeterioration and Biodegradation of 
Plastics and Polymers is now available. 
The contents cover biodegradable plas· 
tics, waste disposal of plastics, rubber 
and polyurethanes, preservation of plas· 
tics and biological testing of plastics. The 
proceedings are available from Dr. Ken 
Seal, Biotechnology Centre, Cranfield 
Institute of Technology, Bedford MK43 
OAL, UK, price £15 plus £1.80 UK and 
Europe or £3.80 USA and rest of world 
to cover postage (post-free to Society 
and PABS members). 

The spring 1986 meeting of the Society 
was held at the University of Surrey, 
Guild ford in March 1986. The subject of 
this meeting was the Spoilage of Cereals 
and other Stored Products. The meeting 
covered fungal development in cereals, 
water activity, mycotoxin production, 
storage pests, pest control, fungal iden
tification, cytotoxicity testing and im
munological testing of mycotoxins. 

The summer 1986 meeting of the 
Society will be held at TNO, Delft, Hoi· 
land on September 18·19, 1986. The 
theme of the meeting is the 
Biodeterioration of Constructional 
Materials, and further details can be 
obtained from Dr. L.H.G. Morton, 
School of Applied Biology, Lancashire 
Polytechnic, Corporation Street, Pre· 
ston PRJ 2TQ, UK. 

Useful Addresses 

For information regarding the safe 
disposal of waste materials, including 
special or difficult wastes contact Mr. 
K.R. Miller, Confederation of British 
Industry, Arndale House, Crossgates, 
Leeds LS15 8EU, UK. 

June,l986 

NEWS ITEMS 

Seventh International 
Biodeterioration Symposium 

The 7th International Biodeteriora
tion Symposium will be held at Emma· 
nuel College, Cambridge from 6·11 
September, 1987. There is a call for 
offered papers and posters on all aspects 
of the biodeterioration of materials of 
economic importance and the biodeg· 
radation of waste materials. For further 
details please contact the Secretary of 
the Organising Committee, Mrs. Christ
ine Gaylarde, Department of Biological 
Sciences, City of London Polytechnic, 
Old Castle Street, London E1 7NT. 

PABS 

The first meeting of the Pan-American 
Biodeterioration Society will be held at 
the George Washington University, 
Washington DC, from 17-19 July 1986. 
For information please contact Dr. 
Charles E. O'Rear, Department of 
Forensic Sciences, The George 
Washington University, Washington 
DC20052. 

77 

No.2 

Biodeterioration Standards 

British Standard No. 2494 1976 -
Material for Elastomeric Joint Rings for 
Pipework and Pipelines - is at present 
being revised. The revision will contain a 
biodeterioration test devised by the Wa· 
ter Research Centre. The test, in its pre
sent form, involves the immersion of 
rubber test strips in a tank continuously 
drip fed with river or borehole water 
which contains an inoculum of rubber 
scaling ring-degrading organisms. The 
current test procedure specifies six
monthly inspections of the samples for 
up to two years immersion. Further de
tails may be found in the WRC En· 
gineering Centre's Information and Gui
dance Sheet No. 4·40·01 (address: P.O. 
Box 85, Frankland Road, Blagrove, 
Swindon, Wilts. SN5 8YR). 

British Standard No. 1982 - Fungal 
Resistance of Manufactured Building 
Materials - has now been revised. All 
sections should be available for public 
comment early in 1986. 

If any members have news of new or 
revised national standards please con
tact the News Editor or Dr. Ken Seal at 
Cranfield Institute of Technology, Bed
ford MK43 OAL, UK. 

Please send items for inclusion in 
NEWS ITEMS to: 
Dr. John Mills 
Editor, News Items 
Department of Biological Sciences 
Sheffield City Polytechnic 
Pond Street 
Sheffield Sl1WB, UK. 
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FORTHCOMING MEETINGS 

PABS: Pan-American 
Biodeterioration Society, 17-19 
July 1986, Washington DC (sec above 
for details). 

Microbe 86: International Con
gress of Microbiology, Manchester, 
UK, 7-13 September 1986. Symposia, 
poster sessions, workshops and roundt
ables on all aspects of microbiology. For 
details contact The Secretary, Dr. J.A. 
Cole, Department of Biochemistry, 
University of Birmingham, Birmingham 
B152TT, UK. 

Biodeterioration Society summer 
meeting and AGM, 18-19September 
1986, Holland (see above for details). 

Stored Products: 4th Internation
al Working Conference on Stored 
Product Protection, Tel Aviv, 
Israel, 21-26 September 1986. For de
tails contact Mrs. S.J. Rhodes, VIP In
ternational Conference Services Ltd., 42 
North Audley Street, London W1A 
4PY. 

Biotechnica 86: 2nd International 
Congress and Exhibition for 
Biotechnology, Hannover, 23-25 
September 1986. Seminars, workshops, 
exhibitions. For details contact B.A. 
Diederichs, Deutsche Mcssc-und 
Ausstcllungs-AG, McsscgeHinde, D-
3000 Hannover 82. 

Analyticon 86: Latest Advances and 
concepts in laboratory technology, 
Commonwealth Institute, London, 23-
25 September 1986. Multidisciplinary 
meeting of sessions and poster displays. 
For details contact Scientific Symposia 
Ltd., 33-35 Bowling Green Lane, Lon
don EC1R ODA, UK. 

AWRA: American Water Re
sources Association International 
Symposium on the Biofouled 
Aquifer, Atlanta, Georgia, 13-14 
November 1986. Sessions, workshops, 
poster presentations on biofouling in 
wells and groundwater systems. For de
tails contact Dr. Leslie Mack, Water Re
sources Research Centre, University of 
Arkansas, Fayetteville, Arkansas 72701, 
USA. 

Toxic Wastes: International Con
gress on Recent Advances in the 
Management of Hazardous and 
Toxic Wastes in the Process In
dustries, Vienna, 9-13 March 1987. 
For details contact Congress Team In
ternational (UK) Ltd., 30 Dean Way, 
Ruislip, Middlesex HA4 8SX, UK. 
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ASPERGILLUS CLAVATUS- AN ALLERGENIC, TOXIGENIC DETERIOGEN 
OF CEREALS AND CEREAL PRODUCTS 

BRIAN FLANNIGAN' 

Abstract: The cosmopolitan soil fungus, Aspergillus clavatus, is found on a wide range of fruits and seeds 
and other stored products. It is associated with spoilage of cereals, causing extensive degradation of rice, 
and appears to be particularly well adapted for growth during malting and hydroponic production of cereal 
leafage for cattle feed. A. clavatus is the causative agent of an extrinsic allergic alveolitis, malt worker's 
lung. In addition to being rich in allergenic substances, the spores have shown mutagenic and 
tumourigenic properties in experimental studies. The fungus has been implicated in a number of 
mycotoxicoses, such as 'malt germ toxicosis': disease symptoms have ranged from hyperkeratosis to 
neurological and respiratory disturbances, and deaths have occurred in cattle. In culture, various strains 
isolated from toxic foods or feedstuffs produce ascladiol, patulin, tryptoquivaline, tryptoquivalone and 
cytochalasins E and K. 

Introduction 

Aspergillus clavatus Desm. is the causative agent of an occupational respiratory disease, malt worker's lung (Riddle et at. 1968), 
and has been recognised for some thirty years as a toxigenic organism (Forgacs eta/. 1954). Together with A. giganteus Wehmer and 
A. clavatonanicus Batista, Maia & Alecrim, it forms a group within the genus Aspergillus which is characterised by its large 
blue-green conidial heads. These are clavate when very young, but rapidly split into divergent columns of compacted conidial 
chains. The smooth, relatively thick-walled, uninucleate, elliptical conidia (mostly 3.0-4.5 x 2.5-3.5 ~m) are produced prolifically 
by a single series of phialides covering the entire surface of clavate vesicles, which arise from conidiophores 1.5-3.0 mm in length 
(Raper& Fennell1965). Albino, tan and buff mutants are known (Raper & Fennell1965; Varshney & Sarbhoy 1972), albino strains 
being repeatedly and abundantly isolated from soil in Kerala (Varshney & Sarbhoy 1980). Heterokaryosis has been noted in A. 
clavatus, and heads bearing a mixture of white and pigmented conidial chains were observed when a wild-type strain was paired with 
an albino mutant Raper & Fennell (1953). 

Natural Occurrence or Aspergillus clavatus 

Soil 
Raper & Fennell (1965) have indicated that members of the A. clavatus group are common in soils and decomposing materials. 

They suggest that the occurrence of these fungi in soil may be associated with faecal material, since they commonly grow on the dung 
of a variety of animals, e.g. on the droppings of pigeons (Hubalek 1974) and chickens (Thorn & Raper 1945). In reviewing the 
literature on A. clavatus (sensu stricto) as a soil organism, Domsch et al. (1980) cite reports that it has been isolated from soils in 
India, Bangladesh, Sri Lanka, Hong Kong, Japan, USA, Costa Rica, Jamaica, Brazil, Argentina, South Africa, Ivory Coast, Libya, 
Egypt, Turkey, Greece, Italy, Czechoslovakia and USSR. Nigeria (Commonwealth Mycological Institute 1982) and Saudi Arabia 
(Abdel-Hafez 1982a) can be added to this list. Domsch and his colleagues suggest that this species is almost entirely tropical, 
subtropical and Mediterranean in its distribution. However, its isolation from a variety of organic substrates in Canada (Wallace 
1973), Great Britain (Riddle eta/. 1968), France (Moreau & Moss 1979), German Democratic Republic (Abadjieff eta/. 1966), 
Rumania (Stankushev 1969), Bulgaria (Tomov 1965) and Jugoslavia (Pepeljnjak & Cvetnic 1984), as well as Thailand 
(Angsubhakorn eta/. 1977), South Korea (Lee eta/. 1968, 1976) and New Guinea (Commonwealth Mycological1nstitute 1982), and 
from house dust in Surinam (von Bronswijk 1972), indicates that A. clavatus is probably cosmopolitan. 

Although most reports concern its presence in cultivated soil, A. clavatus has been found in barren natural (Nairn 1967) or desert 
soil (Ali eta/. 1975, Abdei-Hafez 1982a), in clay and on rocks in carst caves (Lisina-Kulik 1968), in stratigraphic drilling samples 
(Sugiyama 1967), and in soil in teak forests (Bhargava & Bhargava 1971) and burnt steppes (Rambelli eta/. 1973). The assertion of 
Raper & Fennell (1965) that the ability of A. clavatus to withstand strongly alkaline conditions enables it to act as an agent of 
decomposition in situations where almost all other fungi are eliminated is supported by observations of Kamal & Kumar (1982). 
These workers found that, although the levels of organic matter, nitrogen and particularly available phosphate were lower, counts of 
A. claval us in saline (usar) soil with a pH of8.7 were considerably higher than in grassland, forest and cultivated soils at pH 6.&-7.0. 
It has been isolated from soils under crops of cotton (Kamyshko 1968), legumes (Dayal & Lallal1971), potatoes (Kamyshko 1968), 
rice (Montemartini-Corte 1972) and sugar-cane (Robison 1968), and specifically from the rhizosphere in banana (Goos 1960), basil 
(Afifi 1975), clover (Lugauskas & Grybauskiene 1970), French bean (Afifi 1975), groundnut (Horie eta/. 1977), rice (Jalaluddin 
1975), and wheat (Jooste 1966, Abdei-Hafez 1982b). 

The nature of the growing crop or its residues may have a profound influence on A. clavatus in cultivated soils. Williams & 
Schmitthenner (1960) found that growth of wheat and/or the addition of its residues had a considerably greater effect on counts in 
soil three months after afterwards than similar treatments with maize, oats, soybeans or alfalfa (lucerne). Subsequently, Jooste 
(1966) found that rotational crop sequence affected its incidence in the rhizosphere of wheat. Although, for example, Cladosporium 
sp. was more common when wheat was preceded by oats, clover or lucerne, A. clavatus was mainly isolated from the rhizosphere 
where there was a continuous wheat regime. Both percentage germination of spores and the rate of germ-tube growth were 
increased by the addition of powdered roots of cotton, tomato and clover to soil (EI-Abyad & Ismail1984). The role of the living 
plant is indicated by the stimulation of spore germination in A. clavatus by root exudates of basil, French bean and marjoram (Afifi 
1975). 

1 Department of Brewing & Biological Sciences, Heriot-Watt University, Chambers Street, Edinburgh EHllHX, U.K. 
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Nitrogen availability in the soil can also be expected to affect the incidence of A. clava/us. Jooste (1966) noted its abundance in the 
rhizosphere after the addition of nitrogenous fertiliser to supplement the crop residues in wheat plots. Similarly, NPK fertiliser was 
found by Jalaluddin (1975) to increase the counts of A. clavatus in soil round the roots of rice. However, in laboratory experiments, 
unsupplemented wheat straw has been found to be an adequate substrate for growth and production of clavacin (patulin) by A. 
clavatus, as have chopped timothy grass and beet pulp (Grossbard 1952). Its ability to grow on such plant residues may account for its 
presence in stable manure (Waksman eta/. 1942), composted municipal waste (von Klopotek 1962) and silage made from maize, 
sorghum, rye and pasture grasses (Escoula 1975). 

The atmosphere 
Although A. clava/us sporulates profusely (M. Moreau & C. Moreau 1960) and its spores are well known to be readily dispersed, 

there are few references to its incidence in the atmosphere. However, it has been isolated outdoors from air in urban Barcelona 
(Calvo eta/. 1980), and in rural Uttar Pradesh (Bhati & Gaur 1979), where it was found in ten months of the year and formed nearly 
2% of the total mould count on settle plates. Indoors, A. clavatus was found more frequently in the air of a centrally heated Hat in 
Stockholm thanA. candid us Link: Fr. and A. terreusThom, but less frequently thanA. nigerv. Tieghem and A. repens (Corda) Sacc. 
(Ripe 1962), although the Aspergilli were rare relative to the principal components of the air mycoftora, Cladosporium spp. and 
Penicillium spp. In an industrial context, A. clavatus has been noted in the air of compartments for drying pasta products (Moreau & 
Moreau 1959), a storage hall for the ripening of bananas (Joly 1%1) and a maltings (Riddle eta/. 1968). 

Plants in the field 
In addition to isolating A. clava/us from the air around the herb Ocimum basilicum (basil) in the field, Afifi (1975) cultured the 

organism from the leaves and considered it to be a component of the phyllosphere micro flora. Emanations from crushed leaves of 
this herb stimulated in vitro germination of A. clava/us spores, but those of Origanum majorana L. (marjoram), from the leaves of 
which the fungus was not isolated, inhibited spore germination (Afifi 1975). Sainger & Garg (1977) isolated A. clavatus from healthy 
leaves of the hoop pine, Araucaria cunninghamii D.Don. However, from what is known of the physiology of the organism, it seems 
more likely that it was present as a casual contaminant on the leaves of basil and the hoop pine, rather than as an actively growing 
component of the phyllosphere. Although it has been isolated from a range of fruits and seeds, there is little published evidence 
which suggests that in the field A. clava/us is any more than an uncommon superficial contaminant of these organs. Typically, 
Mehrotra & Dwivedi (1977) were able to isolate it from 5.7% of stored grains after surface-disinfection, but could not detect it in 
wheat gathered immediately before harvest and similarly disinfected. Rather, it appears to be associated with poor drying and 
storage. Lindenfelser et al. (1978), for example, found that A. clava/us was the predominant species in commercially cured and dried 
wild rice, Zizania aquatica L., which had become damp and mouldy through accident. 

Stored products 
A. c/avatus has been isolated from a range of leguminous seeds (Gill eta/. 1983) in Nigeria, and Hitokoto eta/. (1981) have 

reported its presence at very low levels in broad and Lima beans in Japan. It is not normally associated with spices, but Hadlok & 
Toun;;! (1973) recorded 1800 propagules/g in samples ofunsterilised commercial spices and 1400/g in 'sterilised' spices, and Jacquet & 
Teherani (1974) commented that it was one of the Aspergillus spp. present in pepper which might possibly cause spoilage and 
produce toxins in meat products seasoned with that spice. A. clava/us was found to be present randomly among samples of both 
commercially packed nuts and dried fruits and those rejected for packing in South Africa (Wehner & Rabie 1970). An investigation 
in USA by Hanlin & Blanchard (1974) indicated that A. clavatus was a rather minor component of the mould flora of pecan fruits. 
However, although Chipley & Heaton (1971) found that A. c/avatus could be detected in only 4% of samples of meat from pecans 
which they shelled aseptically, the spread of inoculum during commercial processing was indicated by the presence of the mould in 
15% of the samples of meat from commercially shelled pecans. In addition to being isolated from deteriorating tomatoes in USA 
(Ragheb & Fabian 1955), A. c/avatus has been found in internally rotted pomegranates in India, where Kanwar & Thakur (1972) 
demonstrated experimentally that it could cause post-harvest decay if introduced via wounds in the fruit. [t has also been associated 
with internal mouldiness of cocoa beans in Nigeria (Olutiola 1977). 

Most reports of A. clavatus in foods and feedstuffs concern cereals, however. In investigating the self-heating of stored wheat in 
USA, Carter & Young (1950) found that in experimental farm-type bins A. clavatus was less frequent on kernels than other storage 
fungi, being intermediate between Alternaria spp. and species of Fusarium, Cladosporium and He/minthosporium, which are all 
field fungi. It did not appear to be involved in the heating of the grain. Nikov et al. (1977) reported that in southwestern Khazakstan 
A. c/avatus was one of twelve Aspergillus spp. prevalent in wheat. Surveys of stored wheat in India revealed that approx. 5% of 
samples were contaminated by this mould, but the percentage contaminated by many other Aspergilli, including members of theA. 
glaucus group, A. candidus, A. flavus Link.:Fr., A. nidulans (Eidam) Winter, A. niger and A. oryzae (Ahlburg) Cohn, was much 
higher (Mehrotra 1976, Mehrotra & Basu 1976, Mehrotra & Dwivedi 1977). A. clavatus has been isolated from barley in stores in 
Canada (Wallace 1973) and Egypt (Abdel-Kader eta/. 1979), as well as India (Mehrotra 1976), where nearly one-third of the 
samples of stored grain were contaminated by this species (Table 1 ). In Rumania, however. Stankushcv (1969) found that only 1% 
of samples collected from barley stored for up to two years in sheds for use as winter fodder yielded A. clavatus, the mean percentage 
of kernels so contaminated being only 0.1 %. The corresponding values in oats were 2.8% (samples) and 0.3% (kernels). 

In USA, Marasas & Smalley (1972) detected A. clavatus in meal prepared from mouldy crib-stored maize, but, as was the case 
with wheat (Carter & Young 1950), it appeared not to have proliferated when the maize had heated spontaneously. A. clavatuswas 
infrequently encountered in stored Egyptian maize by Hassan & Selim (1982). However, Wallace & Sinha (1975) found that, over a 
nine-month period during 1966-67, 1.3% of all maize and sorghum kernels received from USA at one seaport in Japan were 
contaminated by A. clava/us at the time of import. Burroughs & Sauer (1971) also isolated A. clavatus from sorghum, but found that 
in lots with a moisture content of25 or 29% stored at 15 and 25°C for up to 72 days the number of kernels contaminated by the mould 
were small. In India, rice and various millets (Table 1) have also been found to be contaminated by A. clavatus, and in USSR it has 
been found in both rice and millet, as well as wheat (Nikov eta/. 1977). In Jugoslavia, A. clavatuswas less frequently encountered in 
wheat stored in lofts and attics of houses than in maize, but more frequently than in beans (Pepeljnjak & Cvetnic 1984). There was 
little difference between households where families were affected by endemic nephropathy and those not so. A. clava/us appeared 
to be a relatively minor component of the mycoftoras; A. flavus, A. ni'ger and A. ochraceus Wilhelm were isolated much more 
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frequently. Yamazaki (1971) recorded that <0.02% of kernels from 634 samples of rice grown in Japan were contaminated by A. 
clavatus, but Tsunoda (1970) and Kurata (1978) have both stated that this species was frequently present in imported rice, the degree 
of contamination varying with the country of origin. In rice kernels it has been observed to cause marked damage (Tsunoda 1970), 
the texture of the kernels becoming chalky (Moreau & Moss 1979). In Surinam, von Bronswijk (1972) suggested that the presence of 
A. clavatus in house dust might have been due to the habit of storing rice in households. 

In addition to being found in whole cereals, A. clavatus has been detected in various milled products. In India, Mehrotra & Basu 
(1976) observed that 8.4% of milled wheat fractions- bran, semolina and fine Hour- were contaminated by this species, but only 
4.6% of samples of whole wheat. In addition, it was detected in flours prepared from barley, rice and pearl millet (Table 1). Graves 
& Hesseltine (1966) also found it in wheat Hour in USA, and Nikov eta/. (1977) in flour and meal, as well as whole wheat, in USSR. 
Udagawaetal. (1970) stated that A. clavatus was present in 8% of wheat flour samples from markets surveyed in Japan, and in 7% of 
rice Hour samples. A. clava/lis has been isolated from spoiled refrigerated dough products (Graves & Hesseltine 1966), bean paste 
(Lee eta/. 1968) and dried milk (Kurata 1978). This mould has also been noted in a range of other foodstuffs in both Japan (Kurata et 
a/. 1971) and Thailand (Anukarahanonta eta/. 1984), although in Thai markets <1% of samples were contaminated by it. It has also 
been detected in animal feeds. Forgacs eta/. (1954) isolated the mould from feed pellets (composed largely of maize and alfalfa) 
which were associated with toxic symptoms in calves in USA. In Poland, Gladoch (1974) noted the dominance of A. clava/us, A. 
flavus and A. fumigatus in poultry feed-mixes and their components, e.g. maize from USA and groundnut meal from India. 

Table 1. Frequency of occurrence of A. clavatus in Indian grain and flour, as percentage of 
samples contaminated (Mehrotra 1976) 

Wheat 
Rice 
Barley 

Cereal' 

Great millet (Sorghum bicolor) 
Pearl Millet (Pennisetum typhoides) 
Finger Millet (Eleusine coracana) 
Italian Millet (Setaria italica) 

-,not examined. 

Grain 

4.6 
8.6 

32.0 
10.0 
23.5 
18.1 
20.0 

Flour 

8.3 
12.5 
20.0 

0 
25.0 

', absent from all samples of maize (grain and flour), and bam yard 
(Echinochloafrumentacea), kodo (Paspalum scrobiculatum), hog (Panicum 
miliaceum) and little millet (P. miliare). 

Physiology of A. clavatus 

Water relations 
As to the circumstances under which A. clavatus invades stored products, Christensen (1975) has stated that the organism only 

appears in the final stages of decay and is not a 'storage' fungus in the sense that the term is most often used, i.e. it is not strongly 
xerophilic. The minimum relative humidity (R.H.) for its growth was found by Panasenko (1944 1967) to be 88%, and the optimum 
98%, whilst the corresponding R.H. 's for production of conidia were 90 and 98-100%, respectively. In examining the tolerance of 
Aspergilli to sodium chloride, Tresner& Hayes (1971) found that the maximum salt concentration permitting growth of this species 
was either 15 (2 strains) or 20% (14 strains), which according to the tables of Robinson & Stokes (1955) approximates to a water 
activity (aw) of 0.91 or 0.87, respectively, and is in broad agreement with the minimum R.H. quoted by Panasenko (1944, 1967). 
More recently, Manabe & Matsuura (1979) found that there was good growth in koji medium containing 12% NaC! (aw approx. 
0.93) or less, but progressively poorer growth at levels up to 18% (aw approx. 0.89) and none at 21% (aw <0.87). The toxicity to 
chick embryos of the koji medium in which the organism had grown declined in a similar manner. Mehrotra (1976) earlier reponed 
that the minimum R.H. at which spores would germinate was 85% and the optimum 100% R.H. The values quoted in these various 
repons would place the organism in the 'slightly xerophilic' category of Lacey eta/. (1980). It should, however, be emphasised that 
monocultural studies may not accurately represent how the organism behaves in substrates where it is only one member of the 
mycoHora. Flannigan eta/. (1985) agreed with the minimum value for growth reported by Panasenko (1944, 1967), and found that 
the organism grew well on agar medium in equilibrium with an atmosphere of >93% R.H. However, when in competition with 
other more xerophilic Aspergilli (A. candidus and members of the A. glaucus group), A. clavatus on contaminated malt only 
increased in numbers when the R.H. of the storage atmosphere was >96.6%. Sto!off eta/. (1978) found that, when in competition 
with other toxigenic Aspergilli and Penicillia in a mixture of spores dusted on extruded pasta dough, A. clava/us apparently did not 
grow, even when the dough was held at 95% R.H. 

Temperature relations 
The cardinal temperatures listed by Panasenko (1944, 1967) for growth of A. clavatus are: minimum, 5-{io; optimum, 20-25°; 

maximum, 42°. Moreau & Moss (1979) suggested that its ability to grow well at 37° might account for the presence of the fungus in 
the atmosphere where pasta was dried at 30-35° in compartments with a R.H. around 80% (Moreau & Moreau 1959). These authors 
stated that the conidiophores produced at 20° were markedly longer than those at 30°, and also noted that the optimum temperature 
for growth was 23-26. However, Varshney & Sarbhoy ( 1972) observed maximum increase in biomass of a tan mutant at 25-30° and 
of albino and buff strains at 30°, whilst Mehrotra (1976) reported that. irrespective of R.H., germination of A. clavatus conidia was 
most rapid at 28°. 

pH of substrate 
Although the ability of A. clava/Us to survive and grow in alkaline conditions (Raper & Fennell1965, Kamal & Kumar 1982) was 

mentioned earlier, Ragheb & Fabian (1955) found in their study of fungi associated with deterioration of tomatoes that the optimum 
pH for growth of A. clava/us in tomato juice was 4.5-6.0. Varshney & Sarbhoy (1972) reported that sporulation was greatest at pH 
6.5-7.5. 
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Substrate utilisation 
The utilisation of different sugars by A. clava/us has been examined by Varshney (1981), who found that for four out of five strains 

the pentoses, arabinose and xylose, were better as sole carbon source than the hcxoses, glucose and fructose. The disaccharides, 
sucrose and lactose, and the trisaccharide, raffinose, also supported good growth and sporulation, but the best carbon source 
appeared to be mannitol. Agnihotri (1963) and Varshncy {1981) both found that A. clavatus could utilize starch as sole carbon 
source, and the latter also reported that dextrin, glycogen and inulin were utilized, although fructose was observed to be a better 
carbon source than any of the polysaccharides or glucose. In both of these studies the organism grew with sodium nitrate as the 
source of nitrogen. Robinson et a/. (1974) found that ammonia, urea and glutamate could be used as sole nitrogen source by 
germinating conidia, with ammonia being used preferentially in the presence of either of the others. 

Few studies have been made of the extracellular enzymatic activity of A. clavatus. Although· it may be associated with starchy 
cereal grains, Vojtkova-LepSikova & Knockova-Kratochvilova (1968) found that, in relation to amylolytic species of Candida and 
Cryptococcus, A. c/avatus showed low extracellular activity against starch. Siu (1951) indicated that A. clavatus could be isolated 
from exposed cotton and yet was non-cellulolytic. Marsh eta/. (1949) reported, however, that more than one-half of the strains that 
they examined showed definite cellulolytic activity. Under laboratory conditions, the most active strain reduced the tensile strength 
of8 ozcotton duck by 80% in 2 weeks. Nevertheless, Reese & Downing (1951) found that, although their strains were active against 
carboxymethyl cellulose (CMC), they caused strength losses in cotton sheeting and duck well below the arbitrary lower limit of 15% 
these authors had set for a cellulolytic mould. Fractionation of culture filtrates of A. clavatus grown with insoluble cellulose br CMC 
as sole carbon source indicated that there was a cellulolytic enzyme system consisting of four components of differing specificities 
with respect to CMC and cellobiose breakdown {Oiutiola 1977). Raghcb & Fabian (1955) found that A. clavatus grown in tomato 
juice had pronounced pectinolytic activity. Murtuza eta/. ( 1981) deduced from observations on lignin levels in straw exposed to the 
organism in both liquid and soil culture that it was lignoclastic, and Bandoni & Towers (1967) presented evidence that it degraded 
usnic acid, a phenolcarboxylic acid pigment present in lichens. 

As judged by loss of tensile strength in wool, Reese & Downing (1951) found that A. clava/us was keratinolytic, and extracellular 
proteolytic activity was demonstrated when it was grown on wheat bran (Koch & Dedic 1957) or in glucose/salts medium (Cohen 
1981). Although the related A. giganteus produced an acid protease, A. clava/us was found by Cohen (1981) to be one of 14 
Aspergillus spp. releasing neutral or alkaline proteases, production of which was not induced but was controlled by derepression. 
An extracellular RNase was investigated by Bezbcrodova eta/. (1969). Although there arc no reports of lipolytic activity in A. 
clava/us, Coursey & Eggins (1961) found that palm oil was hydrolysed by the related species A. giganteus. However, in this 
laboratory, plate and tube tests indicated that lipolytic activity was less common among isolates of A. c/avatus than amylase, 
pectinase, cellulase, protease, amidase, RNase, DNase or phosphatase (Gillian L. Shiel, unpublished results). Phosphatase activity 
was first reported by Jacquet et al. (1958), who indicated that both alkaline and acid phosphatases were present. Morozova & 
Bezborodova (1972) reported that, in addition to an acid phosphodiesterase, A. clava/Us produced a thermolabile acid 
monophosphoesterase, with an optimum temperature of 55• and optimum pH of 5.5-6.5. 

A. clava/us as a respiratory pathogen 

The potential respiratory hazard to those handling and processing stored grain or other material heavily contaminated by A. 
clavatus is evident when the occupational disease malt worker's lung is considered. Although the prevalence and severity of chronic 
respiratory diseases, such as bronchitis and emphysema, in malt workers was noted more than 50 years ago by Bridge (1932), 
maltworker's lung was not described until1968 (Riddle eta/. 1968). The disease is caused by exposure to high concentrations of the 
spores of A. clavatus, and apparently also A. fumigatus Fres. Fungal spores which are> lO J.UTI in diameter arc likely to be deposited 
predominantly on the mucus membranes of the naso-pharynx, and those which arc in the size range 4-10 f..lm are mainly deposited in 
the bronchi and larger bronchioles. The spores of A. clavatus, however, fall into the category- <4 f..lm in diameter- which are 
deposted in greatest numbers on the respiratory surface of the terminal bronchioles and alveoli. Although the larger spores can 
provoke an allergic response, it is a Type I reaction of a rhinitis (hay-fever) or asthma type, depending on the site of deposition of the 
spores. In the case of A. clavatus the response is in the alveoli and is a Type III reaction. The spore walls are particularly rich in 
allergenic substances (Blyth 1978), and the condition which develops is described as an extrinsic allergic alveolitis. 

Unlike the immediate, relatively short-lived, overt symptoms of a Type I reaction, those of the alveoli tis do not develop for some 
hours and continue for 48h or more. The characteristic fever, malaise, dry cough and breathlessness may not develop until after 
completion of work for the day, so that the sufferer often fails to associate them with earlier exposure to the high concentrations of 
A. clavatus spores which have caused them. Being a Type Ill reaction, the disease is mediated by precipitating antibodies, so that the 
pulmonary tissue is damaged: there is perivascular inflammation, granulomata form, and with repeated attacks the lung becomes 
progressively fibrosed. It is permanently damaged and consequently its efficiency is considerably impaired, so that there is 
increasing dyspnoea. It has been suggested that a Type I reaction provoked by allergens in the spores might also be a component of 
the disease (Grant eta/. 1976). Provocation of both Type I and Type III responses in the same individual is relatively rare, but should 
it occur the respiratory distress will be extreme. 

The reasons for the occurrence of this extrinsic allergic alveoli tis in maltworkers can he appreciated when the malting process is 
examined. In traditional floor malting, the first stage, which may take 2-3 days, involves steeping dry barley until the moisture 
content (M.C.) rises from an initiall0-12% to 43-47%. In order to accelerate subsequent germination, steeping is interrupted by 
drained air-rests, the length and number of which arc dependent on a number of factors including the characteristics of the barley 
and the temperature of the steep water. After a final draining, the barley is cast onto a malting floor where it is spread out in a layer 
10-15 em deep to germinate-in United Kingdom usually at an ambient temperature of 13-16°. To control the rising temperature of 
the bed of germinating barley on the floor, to promote more even germination by ensuring adequate aeration and to prevent the 
rootlets becoming matted, the barley is turned periodically. This involves maltsmen throwing the barley ahead of them by shovel as 
they advance along the noor, and also raking the bed of grain. Again depending on the nature of the barley and the ambient 
temperature, this germination to produce a 'green malt' at an appropriate stage of enzyme development and endosperm 
modification may take 7-12 days. The green malt is then kilned at 40-60• for up to 24 h, and finally cured briefly at70-80•, the final 
M.C. being 3-4%. However, the temperature and duration of kilning depend on the exact type of malt to be produced. Coleptiles, 
rootlets and any fragmented material arc then screened off mechanicaly for incorporation into animal feed. 
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A. clavatus can grow and sporulate on the germinating barley on the malting floor, so that it is when the barley is being turned that 
malt workers are likely to inhale large numbers of spores. In extreme cases, sporulation may be so profuse that visibility across the 
malting floor is reduced by thick clouds of spores rising from the green malt as it is being turned (Riddle eta/. 1968). The dispersal of 
spores into the atmosphere during the loading and stripping of kilns also presents a hazard, but the practice of turning malt manually 
in kilns to promote uniform drying has virtually disappeared. 

In many areas, floor maltings have been superseded by box (Saladin) maltings, in which the depth of the layer of barley can be as 
much as 2 m and the germinating grain is turned mechanically by helical screws. Other modern developments have included 
germination vessels, rotating drums and Do malt continuous malting plant (Briggs eta/. 1981). Although all have reduced the time 
required for germination, the high level of moisture availability and the presence of solubilised and partially solubilised nutrients 
still favour microbial growth. After the first reports of maltworker's lung among workers in floor maltings (Riddle eta/. 1968, 
Channell eta/. 1969), Blyth eta/. (1977) surveyed 56 Scottish maltings of various types and found A. c/avatus in 12. Among 711 
maltworkers in the 56 maltings (Grant eta/. 1976), 5.2% had maltworker's lung. The incidence was only 1.1% among those working 
where modern mechanical systems were employed, e.g. where the germinating barley was enclosed in rotating drums, but almost as 
many in box maltings (6.2%) had the disease as in floor maltings (6.8%). Grant eta/. (1976) concluded that the prevalence of the 
disease was likely to diminish rapidly with increasing mechanisation of malting. However, the present author is aware that A. 
clavatus has been found in at least one automated plant in Europe. 

A. clavatus is also associated with the malting of sorghum. In surveying foodstuffs in Eastern Transvaal and Swaziland, Martinet 
a/. (1971) found that A. c/avatus was one of a small group of moulds which proliferated and balanced the decline in the numbers of 
other species during the malting of sorghum. More recently, Rabie & Lubben (1984) reported that in South Africa it can be one of 
the main components of the mycoHora of dried sorgum malt. They reported that A. clavatus was among the dominant species in 45% 
of malts from industrial Saladin-type maltings and 9% from outdoor commercial floor maltings. 

Since A. clavatus appears to be rather uncommon on dry barley, it is not clear how malting premises become contaminated by the 
organism in the first instance. Channell et a/. (1969) suggested that the fungus might have been introduced with a particular 
consignment of grain in one maltings. Previously, Riddle eta/. (1968) suggested that the source in another maltings might have been 
feral pigeons which had free access to the grain store. The mould was isolated from pigeon droppings in both this investigation and in 
that of Channell eta/. (1969). In surveying free-living birds, Hubalek (1974) found that the mould was characteristic of the droppings 
of feral pigeons, where it was found much more frequently than in those of other birds. No matter the means of introduction, it is 
perfectly clear that once A. clavatus is present in a maltings it is provided with extremely favourable conditions for its growth and 
sporulation, i.e. a fully hydrated substratum and a high R.H. Although it only grows on the green malt, and possibly during the early 
part of kilning, its spores arc readily dispersed throughout the premises. As well as detecting A. clavatus in all parts of a distillery 
maltings, Channel eta/. (1969) isolated the mould from the sputum of employees in the distillery who did not work as maltsmen and 
seldom entered the maltings. The fact that the spores are spread with case makes the organism particularly difficult to control. Dry 
grain stored on the premises becomes contaminated by aerially dispersed spores, and addition of hypochlorite to the steep water at 
the concentrations frequently employed is not effective in killing these spores (Flannigan eta/. 1984). Although Riddle eta/. (1968) 
suggested that dilute hypochlorite might actually stimulate growth, it seems more probably that it encourages development of the 
mould by reducing the numbers of competing species. 

A factor which may lead to particularly profuse growth on the green barley malt is the presence of cracked kernels (Riddle et al 
1968), pregerminated grain or even accidentally introduced finished malt (Flannigan eta/. 1984). These present easily colonised 
substrata from which contamination may spread. However, the growth of the mould on the germinating grain is often associated 
with elevated temperatures, e.g. in U.K. during warm weather when there is no adequate means of preventing the malting 
temperature exceeding the norma116° (Flannigan eta/. 1984), or when it is purposely raised to accelerate the process (Riddle eta/. 
1968). Recalling that the optimum temperature for the growth of A. clavatus is c. 25", it was not unexpected that raising the 
temperature for preparation of experimental malts from 16° to 25° would result in a xlOOOO increase in the viable count of the mould 
(Flannigan eta/. 1984). Similarly, it is also not surprising that A. c/avatl/S is so frequently isolated from sorghum malt (Rabie & 
Lubben 1984) in South Africa, since the temperature of malting may be as high as 28•. 

Mycotoxicoses associated with A. clava/us 

It is not only during malting that A. clavatus develops on germinating grain: symptoms of disease attributable to the presence of 
the mould on cereals sprouted hydroponically for usc as animal feed were described in 1960 (C. Moreau and M. Moreau 1960). As 
Moreau & Moss (1979) have pointed out, the hydroponic production of cereal shoots is not without controversy, but during the very 
dry summer of 1959 many livestock farmers in France adopted hydroponic methods to provide forage for cattle. When C. Moreau & 
M. Moreau (1960) examined one farm where cattle had died after feeding on such forage, they were able to isolate A. clavatus not 
only from the forage but also from the walls of the premises where the wheat was sprouted (for 7 days) and from the circulating water 
system, steep tanks and germination trays. In a subsequent investigation of a dairy farm (Moreau & Moreau 1961 ), the same authors 
again found that the organism was widely distributed within the premises: it was isolated from the air and walls of the germination 
room and from most other areas. They observed that A. clavatus appeared to be in competition with Geotrichwn candidwn Link, a 
species which also seems to be well adapted for growth during malting (Flannigan eta/. 1984). The reason for the distribution of A. 
clavatus throughout such premises became obvious when they examined sporulation under conditions simulating hydroponic 
production of cereal shoots: after? days at 25•, a single germinated wheat kernel could yield up to 6.5 x 107 spores and a barley kernel 
as many as 1.2 x 108 (M. Moreau & C. Moreau 1960). 

Neurological and other disorders in cattle fed on cereal shoots produced hydroponically were attributed by C. Moreau & M. 
Moreau (1960) to production of patulin (Fig. 1) by A. c/avatl/S. Again in France, Jacquet eta/. (1963) also noted the development of 
neurological symptoms in cattle fed on wheat germinated for 6 days to provide winter feed, and Nikov eta/. (1965) reported mass 
poisoning of Bulgarian cattle fed on barley sprouts from which A. clavatus had been isolated, in company with A. fumigatus, A. 
jtavus, and various Penicillia and Fusaria. Interestingly, 25 years after the hazards associated with hydroponically grown cereal 
shoots were discovered in France, toxicological problems have been encountered in U.K. since hydroponic production of 'barley 
grass' has been increasingly adopted. Again, Geotrichum candidum has been one of the predominant fungi. However, most disease 
episodes appear, to have been associated with Fusarium spp., although in one case a strain of A. c/avatus producing cytochalasin E 
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'(Fig. 1) was implicated (Miss J. Robb, personal communication). In addition, Kellerman e/ a/. (1984) have recently reported that 
sprouted maize contaminated with A. clava/us was the cause of an outbreak of fatal trcmorgenic mycotoxicosis among dairy cattle in 
South Africa. 

In Bulgaria, Tomov (1965) noted toxicosis in >250 dairy cows fed on 'malt germs'. Although most died, the remainder were culled 
because of neurological disorders, respiratory disturbance or decreased lactation. These symptoms were reproduced when a 
mixture of barley and oats inoculated with A. clavatus was fed to cattle. A 'malt germ intoxication' characterised by disturbances in 
coordination was recorded by Abadjieff el a/. (1966) when cattle were fed on culms from malting plants in the German Democratic 
Republic. The symptoms were attributed to two strains of A. c/avatus which w<:_re isolated from the culms and shown to be toxic in 
skin tests and by their effect on Paramecium (Fritzsch & Abadjieff 1967). In further investigations, it was found that during malting 
up to 230 mg of a fraction toxic to experimental mice could be produced per kg of finished malt and culms (Schultz 1968), and that the 
intoxication could be reproduced by feeding cattle on maize inoculated with the mould (Schultz eta/. 1969). Subsequently, Schultz & 
Motz (1973) described a routine method for extraction of the toxic principle and advocated that malt culms should be examined for 
both the organism and toxicity before release for animal feed. In experimental malting in this author's laboratory, it was found that, 
on a dry weight basis. culms were nearly three times as toxic as the corresponding finished malt (R. Apta, unpublished results). 
Although conidia of A. clava/us are inactivated by exposure to dry he~t at 120° for 60 min and and moist heat at 80° for 30 min 
(Panasenko 1944), it is clear that, as well as toxic components, allergens and inoculum also survive kilning of barley malt. Riddle 
(1974) reported that maltworkers showed marked respiratory symptoms after cleaning culms out of storage bins. A pta el a/. (1984) 
found that after kilning experimental green malt, 25% of the viable inoculum present survived in finished malt, and 5-7% in culms. 
This has obvious implications for storage of both finished malt and its by-product. Flannigan e/ a/. (1985) indicated that during 
transhipment to, and storage in, tropical regions uptake of moisture by dried barley malt might lead to the resumption of growth of 
A. clava/us surviving on this hygroscopic substratum and thereby increase the potential respiratory and mycotoxic hazards. 

Although Rabie e/ a/. (1983) found mycotoxins produced by other fungi in sorghum malt, there did not appear to be any 
originating from A. clava/us. However, some isolates of A. clavatus produced cytochalasins E and Kin culture. Feeding on residues 
from sorghum beer production which were contaminated with A. clava/us led to fatal tremorgenic disease among cattle (Kellerman 
eta/. 1976). The practice of spreading out the residue on a floor to dry was considered to be conducive to the growth of the mould, 
and another factor contributing to the mycotoxicosis was thought to be the use of even obviously mouldy residue for feed. 

Among experimental studies on the effects of A. clavalus on animal health there is some contradiction as far as weight gain in 
animals in concerned. Semeniuk eta/. (1971) found that when wheat inoculated with the mould was supplied to chicks and mice 
there was low feed consumption and stunting of growth. Scott (1965) also noted reduced weight gain in mice, but Chah e/ a/. (1975) 
noted improved weight gain in broiler chicks when fermented soybean feed contaminated with the mould was used as rations. The 
causal relationship between A. clavatus and hyperkeratosis first demonstrated in calves by Forgacs el a/. (1954) was also observed in 
mice which were fed contaminated rations (Blyth & Lloyd 1971). Angsubhakorn el a/. (1977) found that extracts of A. clava/us 
caused haemorrhage and congestion in rats, in addition to other symptoms previously noted in calves (Forgacs eta/. 1954). Among 
other effects which have been recorded is a remarkable proliferation of tubular epithelial cells, fibroblasts and macrophages in the 
kidneys of mice fed on maize-meal cultures of A. clava/us (van Rensburg eta/. 1971). Saito eta/. (1971) reported that both culture 
filtrates and mycelial extracts caused 'mitosis injury' in mouse tissue cultures, and Blyth & Hardy (1982) found that alkaline 
hydrolysates of the mould were mutagenic in Salmonella typltimurium (Loejfter) Castellani & Chalmers. These last authors also 
observed development of pulmonary tumours in mice after nasal administration of spores. 

Mycotoxins produced by A. clal'alus 

The best-known of the mycotoxins produced by A. clava/us is patulin (Fig. 1), which is produced by various other Aspergilli and 
species of Penicillium. Its discovery, synonymy, antibiotic properties and earlier use as a therapeutic agent are well-documented and 
have been reviewed by, for example, Moreau & Moss (1979). Zamir (1980) has reviewed the biosynthesis of this unsaturated 
lactone, which shows acute toxicity towards laboratory rodents. Lovett & Thompson (1978) found that production of patulin by A. 
clava/us increased with temperature between 1.7and 12.8", but Northolt eta/. (1978) reported that the toxin was elaborated between 
12 and 14", the optimum being 16". It did not appear to be produced on the substrate at <0.99 aw (Northoltel a/. 1978). Some strains 
produce relatively large quantities of the toxin: cherries canned in water contained> 100 Jlg patulin/ml after growtt~ of one strain for 
6-8 days (Lovett el a/. 1974). The possible involvement of patulin in the poisoning of cattle by A. clavatus present in hydroponically 
grown forage is supported by the demonstration of some of the disease symptoms in mice injected intravenously with the toxin 
(Capitaine & Balouet 1974). Concern has been expressed over the possible presence in food of a mycotoxin reported to be a 
carcinogen. However, notwithstanding its carcinogenicity in subcutaneously injected rats, Becci etal. (1981) did n_ot detect tumours 
after oral administration of patulin to rats. 

The formation of ascladiol (Fig. 1) by a strain of A. clava/us isolated from wheat flour was reported by Tanabe & Suzuki (1970) 
and Suzuki eta/. (1971), who noted that the toxin had an acute toxicity to mice approx. one-quarter of that of patulin. Although it is 
structurally similar to patulin, Zamir (1980) considers that ascladiol is an end product, the formation of which is unrelated to patulin 
biosynthesis. 

After Blyth & Lloyd (1971) reported that intraperitoneal injection of acid hydrolysates of A. clava/us produced tremors and loss 
of co-ordination in mice, two tremorgens, tryptoquivaline and tryptoquivalone (Fig. 1), were isolated and purified by Glinsukon e/ 

a/. (1974). With cytochalasin E (Fig. 1), they were extracted from glutinous rice inoculated with a strain of A. clava/us originally 
detected together with other Aspergilli in a sample of leftover rice implicated in a case of Reye's syndrome in Thailand. Nothing is 
known of the effect of the tremorgens on humans, but they caused persistent tremors and hypersensitivity in intraperitoneally dosed 
rats, which died after 8 days without showing any specific histopathological changes in the major organs (Glinsukon eta/. 1974). In 
addition to tryptoquivaline and tryptoquivalone (Clardy eta/. 1975), four related compounds have been described (Biichi e/ a/. 1977, 
Springer 1979): these are nortryptoquivaline and the secondary amines, deoxytryptoquivaline, deoxynortryptoquivaline and 
deoxynortryptoquivalone. Cytochalasin E (Biichi eta/. 1973), like the other cytochalasins, inhibits cytoplasmic cleavage in tissue 
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Fig. 1 Mycotoxins synthesised by A. clavatus: (a) tryptoquivaline, (b) tryptoquivalone, (c) cytochalasin E, (d) cytochalasin K, (c) patulin and 
(f) ascladiol. 
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cultures, and Glinsukon et a/. (1974) reported that in rats it caused death within 2-18 h of intraperitoneal administration. 
Post-mortem examination revealed severe congestion of the liver and other organs, pulmonary haemorrhage and cerebral oedema. 
Further work confirmed that the symptoms were replicated on oral administration, and indicated that death was from shock caused 
by injury to vascular walls and resultant effusion of plasma fluid, albumin and globuljn (Giinsukon et at. 1975a, 1975b, Glinsukon & 
Lekutai 1979). Trirawatanapong eta/. (1980) have since suggested that symptoms such as oedema of the brain and congestion in 
other organs are secondary to vascular damage and hypovolemic shock. In addition to these symptoms, rapid depletion of liver 
glycogen in rats (Glinsukon eta/. 1975b) and inhibition of glucose uptake from the jejunum in mice (Giinsukon eta/. 1983) have been 
observed. Vesely eta/. (1984) observed that cytochalasin E was highly toxic to chick embryos, but only one-third of22. A. clavatus 
strains isolated from grain and various feeds produced the toxin. The first report of the natural occurrence and structure of 
cytochalasin K (Fig. I) was made by Steyn eta/. (1982). They noted that production of both cytochalasin E and K accounted for the 
toxicity of a strain of A. clavatus from sorghum malt. 

Some isolates of A. clavatus are also known to synthesise kojic acid (Parrish eta/. 1966), a compound produced by a wide range of 
moulds. However, although this metabolite is known to be toxic to laboratory rodents (Carlton & Szczech 1978), there are no 
reports of human or animal disease which can be attributed to ingestion of food or feedstuffs contaminated by it. 

Conclusion 

The paragraphs above illustrate that A. clavatus belongs to that category of deteriogens (Eggins 1984) which will 'interact first 
with a material, multiplying on it and subsequently causing disease by the inhalation or ingestion of spores or toxic compounds', and 
is therefore the 'proper concern of those involved in the study of biodeterioration'. The possibility that the inhalation of high 
concentrations of spores by maltworkers and others handling materials heavily contaminated by A. clavatus might lead to 
pulmonary mycotoxicosis and tumourigenesis, in addition to allergic respiratory disease, should heighten that concern. 

The author is grateful to Miss Jean Robb, East of Scotland College of Agriculture, Edinburgh, for information given. 
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MICROORGANISMS ASSOCIATED WITH PAINT FILMS IN COLD ROOMS AND 
AIR-CONDITIONING VENT PANELS IN NIGERIA 

S.AYOODUNFA1 

Abstract: The predominant organisms isolated from discoloured paints in cold rooms in 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 are C. cladosporioides, C. sphaerospermum and 
C. oxyspomm. All the isolates were capable of growing at low temperatures and preferred high humidity 
for growth. Their occurrcm:e and predominance of the Cladosporium spp. was ascribed to their 
prevalence in the air spora in Nigeria, tolerance of cold temperatures and heavy metals. 

Introduction 

Microorganisms, especially moulds, are commonly known to discolour paint film surfaces of both gloss and emulsion paints. They 
are generally favoured by high humidity and high temperature. Fissures in the paint also predispose paint films to microbial attack 
(Ross & Hollis 1976). The high humidity and high temperatures make the tropical environment especially favourable for paint 
biodeterioration (Whiteley 1966). The solution to this problem in the tropics was the incorporation of0appropriate antimicrobial 
agents in the paints (Ross & Hollis 1976). 

In Nigeria, the newer problem is microbial attack on painted films on the walls around the entrance of cold rooms, panels around 
central air conditioning vents and on the walls inside the cold rooms. This problem is arousing more concern, especially with the 
increasing use of central air conditioning plants in many offices and of cold rooms for commercial food storage. These environments 
are characterized by cool temperature and at times high humidity. The cool air emanating from the vents or escaping from the cold 
rooms would cause condensation of water thus creating a highly humid environment for microbial growth. The walls are stained with 

· black spots and at times may be covered with slime. 
Previous records of paint microorganisms in Nigeria have been made at a mesophilic temperature range (Whiteley 1966, 

MacNulty 1966). Information on the occurrence of microorganisms on cool walls in the tropics would provide new and helpful 
information in developing special paints for use in these areas. This information is even more desirable since paint microflora is 
markedly influenced by geographical location (Ross & Hollis 1976). 

Materials and methods 

Sites 
The cold rooms and air-conditioning vent panels used were at three locations in lbadan including the University of Ibadan. The temperature of the 

cold rooms varied from 5°-8°C. 

Isolation of microorganisms 
Scrapings were made from the discoloured walls and collected in Petri dishes. Some of these scrapings were plated directly on agar plates. Others 

were ground to a fine powder in a mortar previously sterilized with 10% sodium hypochlorite solution and one gram of the powder suspended in 
sterile water. The suspension was serially diluted and one tenth of a millilitre of 10-4 dilution was spread on plates of nutrient agar to isolate the 
bacteria, and acidified Czapek Dox agar (Oxoid) to isolate the fungi. The jelly-like slime discolouration on the interior walls of the cold room was 
streaked directly on plates containing the above agar media. 

All the plates were incubated at 5°, IOOC m:;d l5°C for 1 to 2 weeks for the bacteria and for2 to 5 weeks for the fungi. 

Identification of the isolates 
The fungal cultures were sent to the Commonwealth Mycological Institute, Kew for identification. The bacterial cultures were identified using 

biochemical and physiological tests outlined by Conn eta/ (1957). The identification to species level was done by reference to Buchanans and 
Gibbons (1974). 

Effect of temperature on microbial growth 
The fungal isolates were incubated on potate dextrose agar plates. The bacteria were inoculated in nutrient broth (Oxoid). The cultures were 

incubated at 0°, 10°,20°,300 and 400C. Growth was rated visually. 
Measurement of growth by mycelial extension in liquid medium was not practicable for many of the fungal isolates, because of their growth habit 

(see Fig.!). 

'Department of Botany, University of lbadan, Ibadan, Nigeria. 
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Fig. 1 An example of a fungal isolate growing in a liquid medium 

Results 

The most frequently isola ted fungus species o n the cool pa ints were Cladosporium (Table 1). Three species of this were isolated, 
viz: C. cladosporioides (Fres.) de Vries, C. sphaerospermum Penz. and C. oxysporum Berk. & M.A. Curtis. C. sphaerosperum was 
not isolated on the interior of the cold room. 

Phialophora verrucosa Medlar was also frequently isolated on the paints on the inte rior of the cold room. It was absent o n the 
'exterior' paints. 

Two pigmented bacteria were found o n the paint film (Table 2). These were Flavobacterium ferrugineum Sickles & Shaw and F. 
intescens (Migula) Bergey, they have orange and yellow pigments respectively. 

The othe r unpigmented bacterium species were Bacillus spp. The identification of the bacterial isolates a re shown in Table 3. 
Most of the microbial isolates found predominantly grew at a ll the temperatures tested (Table 3) . The Cladosporium species were 

the only ones that grew at OOC; growth at this tempera ture was very slow. 

Table I. Frequency(%) distribution of the major fungi obtained f rom discoloured paints. 

Fungal species 

Cladosporium cladosporioides 
C. sphaerospermum 
C. oxysporum 
Phialophopha verrucosa 
A spergillus spp. 
Penicillium spp. 
Others 

Total no. o f colonies 

Walls around 
cold rooms 
and air-con. 
vents. 

47.7 
20.5 
11.4 

9.0 
2.3 
9.1 

88 

Cold room 
wall 

62.5 

6.9 
19.4 

11.1 

72 
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Table 2 Physiological and biochemical properties isolated from coloured slimes on painted walls of cold rooms. 

Laboratory ref. No. POl P02 P03 

Gram stain + 
Cell shape rods coccobacilli rods 
Motility + + + 
Oxygen relationship fac. anaerobe fac. aerobic aerobic 
Catalase + + 
Endospore + 
Oxidase -· 
Starch hydrolysis + + + 
Indole + 
Methyl red + + 
Pigmentation white orange yellow 
Growth at 37"C + + + 
Growth at 'lO"C + + + 
Acid from 

Sucrose + + 
Maltose + + 
Glucose + + 
Fructose + 
Galactose + + + 
Lactose + 
Mannitol 
Raffinose + + 
Man nose + 
Trehalose + + 
Sorbose 
Xylose + + 
Probable genus Bacillus sp. Flavobacterium F. intescens 

ferrugineum 

+ = positive result 
- = negative result 

Table 3. Growth of the predominant microbial isolates at various temperatures. 

Fungal species ()" 10" 20" 30' 40" 

Cladosporium sphaerospermum + ++ +++ +++ + 
C. cladosporioides + ++ +++ +++ + 
Phialophora verrucosa ++ +++ +++ + 
Flavobacterium ferrogineum ++ +++ + + 
F. intescens ++ +++ + + 
Bacillus sp. + +++ + + 

-=No growth 
+ = Scanty growth 

+ + = Moderate growth 
+ + + = Good growth 

Discussion 

From the extent of discolouration of the paint films, the fungi are more important than the bacteria. The pigmented bacteria were 
restricted to the interior of the cold rooms. Of the fungi isolated, species of Cladosporium have often been isolated from discoloured 
paint films (Winterset a/. 1975; Ross & Hollis 1976; Barry eta/. 1977, Smith 1977a). 

The predominance of Cladosporium species on paint films is most probably due to their prevalence in the air spora and their 
tolerance of cold temperatures. Cladosporum species have been found to be most predominant in the air spora in Nigeria 
(Dransfield 1966) especially in the humid southern Nigeria (Cammach 1955; Ogunlana 1975; Ayanru 1980). Various species of 
Cladosporium were isolated by these workers although they were not identified beyond the genus. 

Although many other paint infesting fungi such as Aureobasidium sp. and Alternaria sp. were predominant in the air spora and 
have been isolated from paint films, they were not recorded in this study. The ability of Cladosporium species to grow, though 
slowly, at low temperatures possibly accounts for its frequent isolation in this study. Strains of C. cladosporioides were also found to 
grow ~n meat at sub-zero temperatures (Gill & Lowry 1982). 
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Philophora verrucosa, which was isolated from the cold room wall, has not been previously recorded from paint films. Its 
restriction to the cold wall probably" reflects its preference for a less humid environment. The source of P. verrucosa is problematic, 
as it has not been recorded in air spora although it has been frequently isolated from soil and other natural habitats (Gezuclc eta/. 
1972; Smith 1977b). It has been found to be a human pathogen (Medlar 1915; !watson & Miyaji 1978), and has also been found in 
association with C. cladosporioides to cause disease of the human eye (Palack eta/. 1976). 

Another feature of Cladosporium spp. and Phialophora sp. is their ability to tolerate heavy metals such as lead, zinc and 
aluminium (Smith 1977b), these are common constituents of many paints. 

Species of Flavobacterium and Bacillus have been reported on paint films at mesophilic temperature (Ross & Hollis 1976). This 
study shows that they can still be a problem at low temperature. The significance of the Flavobacterium spp. isolated in this study is 
the discolouration by the reddish pigmentation while the Bacillus sp. is significant in slime formation. 

References 

Ayanru, D.K.G. (1980) Agricultural and clinical significance of some microbial components of the air spora in the Benin City area. In Global Impact 
of Applied Microbiology (S.O. Emejuaiwe; 0. Ogunbi; S.O. Sanni, eds),107-117. GIAM VI, Lagos, Nigeria. 

Barry, S.; Bravery, A.F.; Coleman, L.J. (1977) A method for testing the mould resistance of paints. International Biodeterioration Bulletin 13, 
51-51. 

Buchanans, R.E.; Gibbons, M.E. (1974) Bergey's manual of determinative bacteriology, 8th Edn., Baltimore, William and Wilkins Company. 
Cammach, R.H. (1955) Seasonal change in three common constituents of the airspora in Southern Nigeria. Nature (Lond.) 176, 1270-12n. 
Conn, H.J .; Jennison, M. W.; Weeks, 0.8. (1957) Routine tests for idemification of bacteria. In Manual of microbiological methods by Society of 

American Bacteriologists, 140-168, New York, McGraw-Hill Book Company. 
Dransfield, M. (1966) The fungal air spora at Samaru, Northern Nigeria. Transactions of the British Mycological Society 49, 121-132. 
Gill, C.O.; Lowry, P.D. (1982) Growth at sub-zero temperatures of black spot fungi from meat. Journal of Applied Bacteriology 52,245-250. 
Gezuele, E.J.; Mackinnon, J.E.; Conti Diaz, I.A. (1972) The frequent isolation of Phialophora verrucosa and Phialophora pedrosii from natural 

sources. Sabouradia 10, 266-273. 
I watson, T.; Miyaji, M. (1978) Subcutaneous cystic granuloma caused by Phialophora verrucosa. Mycopathologia 64, 165-168. 
MacNulty, B.J. (1966) The testing of materials against fungi and termites in the tropics. In Microbiological deterioration in the tropics (N.J. Butler, 

H.O.W. Eggins, eds), 135-160. Society of Chemical Industry, U.K. 
Medlar, E.M. (1915) A new fungus Phialophora verrucosa pathogenic to man. Mycologia 7, 200-203. 
Ogunlana, E.O. (1975) Fungal air spora at lbadan, Nigeria. Applied Microbiology 29, 458-463. 
Polack, F.M.; Siverio, C.; Brcsky, R.H. (1976) Corneal chromomycopsis: double infection by Phialophora verrucosa (Medlar) and Cladosporium 

c/adosporioides (Fres.) Annates of Opthalmology 8, 139-144. 
Ross, R.T.; Hollis, C. G. (1976) Microbiological deterioration of pulpwood, paper and paint. In Industrial Microbiology (B.M. Miller, W.M. Litsky, 

cds), 309-354. McGraw-Hill Book Coy, New York. 
Smith, R.A. (1977a) Fungi surviving in a latex paint film after surface disinfection. Developments in Industrial Microbiology 18, 565-569. 
Smith, W.H. (1977b) Influence of heavy metal leaf contaminants on in vitro growth of urban-tree phylloplane fungi. Microbial Ecology 3, 231-239. 
Whiteley, P. (1966) The occurrence and prevention of mould and algal growths on paint films. In Microbiological deterioration in the tropics. (N.J. 

Butler, H.O.W. Eggings, eds), 161-169. Society of Chemical Industry, U.K. 
Winters, H.R.; Isquith, R.; Gall. M. (11975) A study on the ecological succession on biodeterioration of vinyl acrylic paint film. Developments in 

Industrial Microbiology 17, 167-171. 

Received September 1984 

• 



International Biodeterioration 1986 Vol. 22 No. 2 

FUNGAL FLORA OF MINIATURE PAPER PAINTINGS AND LITHOGRAPHS 

SHASHIDHAWAN 1andO.P.AGRAWAL1 

Abstract: The present paper deals with the isolation of fungi from miniature paper paintings and 
lithographs of the State Museum, Lucknow, India. Twenty three species of fungi were isolated which 
belong to the genera Aspergillus, Penicillium, Fusarium, Paecilomyces, Alternaria, Cephalosporium, 
Chaetomimn, Cladosporium and Trichoderma. 

Percentage relative humidity and temperature of an almirah of resewe collection was recorded 
throughout the year 1981-82. The peak of average percentage RH (minimum and maximum) 42-78% was 
recorded in the month of June and temperature 33-35°C (minimum·maximum) in the month of July. 

Introduction 

Many Indian museums possess a valuable heritage of miniature paintings, lithographs and manuscripts. These works of art are 
mostly done on paper. The various basic components of paper are cellulose of cotton, linen, straw, wood pulp, waste paper etc. 
Besides cellulose, paper contains non-fibrous raw materials like starches, pigments and sizes. All these materials are nutrients for 
the growth of fungi. Being hygroscopic in nature, paper provides suitable conditions for biological attack. In museums a number of 
miniature paper paintings and lithographs are being deteriorated day by day, due to the long term storage of these paper materials 
un~er unsuitable conditions i.e. dust. dirt, optimum temperature and high humidity for the development of fungi. 

The problem of micro·biodeterioration is a serious problem in countries with a tropical humid climate (Nair 1972, Agrawal1977). 
In spite of the significant artistic and historical value of these paper objects, unfortunately the micro-biodeterioration aspects could 
not receive adequate attention in India. A research programme was initiated for a 'Survey of fungal flora growing on the works of art 
in Indian museums', the aim being to have an idea of the various fungal species which we could normally expect to come across in the 
normal Indian museums. Only when we have this knowledge could we think of evaluating the efficacy of control measures. 

For the study of the above project, preliminary studies were initiated in the reserve collection of the State Museum, Lucknow. 
The Museum has a collection of about 1750 miniatures and about 100 lithographs. 

The paper presented here deals with the isolation and identification of fungi and the possible micro-environmental variables of 
steel almirahs surrounding the objects. Through the study of these factors, the necessary action for the preservation of long term 
conditons may be improved. 

Materials and Methods 

About 800 miniature paper paintings and 20 lithographs were examined carefully with the help of a magnifying glass. Samples were gathered from 
20objects. 

Isolation and Identification 
The traditional methods used in microbiology for isolation of fungi arc not appropriate for museum objectS because they require the destruction of 

the object. Therefore a non-destructive method of isolation was used. 
One em small discs ofWhatman filter paper No. 40 were sterilized, the filter paper disc was pressed over the affected area and then placed in 5 ml 

sterilized distilled water, left for two hours and shaken well. Care was taken in sampling that two discs contaminated with the same area or of a 
different place, should not be used in the same water. 0.5 rnl-1 rnl of solution were poured in sterilized petri-dishes and then 10-15 ml of nutritive 
agar media of Czapck's Dox Agar, Potato-dextrose agar, Oat·meal agar, malt extract agar were poured separately with a small amount of an 
antibiotic ( dicrysticine ). Plates were incubated at 28± 1 °C and fungal growth was observed at different intervals. Pure isolations were carried out on 
different nUtritive agar slants. 

Fungal species were identified on the basis of growth of colour, texture and morphology with the help of work done by taxonomists (Raper & 
Fennel11965, Pitt 1980, Onions el a/. 1981). 

1 National Research Laboratory for Conservation of Cultural Property, 6-257, Nirala Nagar, Lucknow-226007 (India). 
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Measurement of humidity and temperature 
To have an approximate idea of the micro-environment under which the collection is stored a thermohygrograph was placed in one ofthe almirahs 

of the store room and graphs were collected at weekly intervals. The data was recorded throughout the year and an average data of maximum and 
minimum results of the month was calculated and plotted on a graph (Fig. 1). 
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Fig. 1. Percentage relative humidity and temperature throughout the year {1981-82) inside the almirah of reserve collection. 

Results 

During the present study a number of fungal forms were isolated namely: 

I. Aspergillus chemlieri (Mangin) Thorn & Church 
2. A.flavus. Link 
3. A melleus Yukawa=A. quercinus (Bainier) Thorn & Church 
4. A. nidulans (Eidam) Winter 
5. A. nigerv. Tieghem 
6. A. stellatus Curzi 
7. A. sydowii (Bainier & Sartory) Thorn & Church 
8. A. terreus Thorn 
9. A. ustus (Bainer) Thorn & Church 

10. A. versicolor (Vuill.) Tiraboschi 
11. A. wentiiWehmer 
12. Alternaria alternata (Fr.) Keissler 
13. Cephalosporium acremonium Corda=Acremonium strictum W. Gams 
14. Chaetomium globosum Kunze: Fr. 
15. Cladosporium cladosporioides (Fre.) de vries 
16. Fusarium oxyspomm Schlecht. 

/ 17. Paecilomyces varioti Bainier 
18. Penicillium clzermesinum Biourge 
19. P. chrysogenum Thorn 
20. P. citrinum Thorn 
21. P. corylophilum Dierckx 
22. P.frequentansWestling 
23. Trichoderma viride. Pers.: Fr. 

Table 1 shows the detailed description of the fungal flora isolated from different objects. It has been observed that among all the isolated fungi the 
species of Aspergillus and Penicillium were isolated from almost all the objects. 

It will be seen from Fig. 1 that there was a wide variation in the maximum and minimum RH during the year while the fluctuation in the 
temperature range was not so wide. The peak temperature 33°C-35°C (minimum and maximum) was recorded in the month of July and RH 
percentage in June was 42-78% (minimum and maximum). 
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Discussion 

The miniature paper paintings generally consist of support, ground and paint layer. It has also been noticed that some paintings 
were fixed on cardboard with the help of gum or glue. Thus all these layers represent a nutritive medium favourable in the setting of 
saprophytic fungi particularly under favourable conditions. 

The Indian miniature paintings were executed with paint prepared with pigment mostly mineral and glue or gum (Agrawal1984). 
Furthermore a coating of sizing material, namely starch solution, was applied to the surface of the paper, which could also act as a 
nutrient for fungi. For the preparation of thicker papers (known as wasli} several layers of paper were pasted together. The chances 
of deterioration of paintings are mainly due to the binding material, which serves as a food for fungi. Deterioration of water based 
poster colour have recently been demonstrated by Dholokia and Chhalpar (1980). Rosa and Strezelczyk (1979} demonstrated that 
the development of micro-organisms first takes place through the natural glues (e.g. starch paste flour, paste, animal glue) and then 
also cellulose. However, during the present study the fungal attack was observed to take place from the back towards the painted 
upper surface. ' 

The utilization of cellulose in the nutrition of fungi has been well known for a long time. Eggins and Pugh (1962) have 
demonstrated the utilization of cellulose by using cellulose agar media. Pietrykowska Le'znicka (1979) found a considerable 
reduction in the alpha-cellulose content in paper due to the action of fungi and bacteria. 

The lithographs studied were covered with glass for their protection. In this case, fungal growth appeared to have generally 
developed due to the absorption of moisture from the back of the lit)10graphs, which are on cardboard. Penetration of moisture and 
absorption on cardboard probably takes place from moist walls or from a damp environment. Gradually it comes towards the 
surface. Thus the microclimate formed in between the lithograph and the glass may have a higher humidity than the ambient 
humidity which in tum favours the development of various fungal species. 

During the present study a number of fungal forms were isolated (Table 1) which belong to the genera Aspergillus, Penicillium, 
Fusarium, Paecilomyces, Alternaria, Cephalosporium, Cladosporium, Chaetomium, and Trichoderma. All these fungi form 
colonies of different shades i.e. brown, black, green, pink etc. which gradually extend in area and produce spores, sclerotia and 
cleistothecia in huge quantities on paintings in the layers of support etc., thus masking the design of the picture (Figs 2-4}. One can 
observe these coloured areas of growth in the monsoon season very easily. Otherwise dried brown spots (like foxed spots) or brown, 
black dust of spores. 

Under optimum environmental conditions, these produce coloured exudation which diffuses into the substratum (Kathpalia 
1969, Nuksha 1960 and Kowalik 1980) induce stains difficult and sometimes impossible to remove by the usual restoration methods. 

The spores of fungi are ubiquitous and they await only the proper conditions of moisture and temperature to grow and reproduce. 
Kowalik (1980) has mentioned that some species of common fungi are able to germinate at 70% or even lower RH (63-65% ). 

Table 1: Shows the details of fungi isolated from different Objects. 

Name of Fungus 

Aspergillus Chevalieri 
A.flavus 
A. melleus 
A. nidulans 
A. niger 
A. stellatus 
A. sydowii 
A. terreus 
A. ustus 
A. versicolor 
A. wentii 
Alernaria alternata 
Cephalosporium acremonium 
Chaetomium globosum 
Cladosporium cladosporioides 
Fusarium oxysporum 
Paecilomyces varioli 
Penicillium chermesnum 
P. chrysogenum 
P. citrinum 
P. coryophilum 
P. frequentans 
Trichoderma viride 

Percentage 
incidence 
of fungus on 
miniature paper 
paintings 

25 
25 
8 
8 

40 
8 

40 
25 
40 
33 
17 
33 
17 
8 

33 
40 
8 
8 

17 
25 
25 
33 
25 

Percentage 
incidence of 
fungus on 
lithographs 

3 
3 
I 
I 
5 
I 
5 
3 
5 
4 
2 
4 
2 
I 
4 
5 

I 
2 
3 
3 
4 
3 

Authors arc thankful to Dr. R.C. Sharma, Director, State Museum, Lucknowforpermitting them to study the objects and the scientistsofC.M.I., 
London for identification of fungi. 
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Pitt ( 1975) demon~t rated, although in the field of the food industry, that some species of Aspergillus. Penicillium and 
Paecilomyces need very low water activi ty (below 0.85) to grow and he referred to these fungi as ·xerophiles'. These studies seem to 
be equally important in the field of conservation of museum objects and also in the support of our ob ervations. It is quite clear from 
Fig. I that there is a great variation in percentage Rl l (maximum and minimum) as compared to the temperature during the 
part icular year. The variations in humidity with dust encourages the growth of fungi . Maximum humidity 78% was recorded in the 
month of June and the temperature was between 30-34°C which seems very alarming. In conditions of RH close to 70%, the process 
of intense deterioration of materials does not appear but even short period of more than 70% Rl-1 may accelerate the germination of 
fungal spore . 

The present study encourages us to extend our investigations with a view to prevention and control. 

Fig. 2 A paper miniature painting affected by fungi 

Fig. 3 The detail of a miniature painting showing fungal g.rowth 
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Fig. 4 Funga l growth in the layers of support of a miniature paper painting 
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THE ECOLOGY OF PASTEURIZED METALWORKING FLUIDS 

R. ELSMORE' and E. C. HILL2 

Abstract: The effect of continuous and batch thermal pasteurization on the aerobic bacterial population of 
several metalworking fluids is examined. 

Batch pasteurization appears to select for certain organisms namely those which arc Gram positive, 
sporing and thermophilic. In the continuously pasteurized system studied these organisms were not 
selected for in the final sump population, suggesting that they are not competitive with the sump Hora 
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 fora more thermotolerant population in the example studied. The flora which became established in 
the continuously pasteurized system lost the ability to degrade hexadecane. 

Introduction 

The problems caused by microbial contamination and degradation of aqueous metalworking fluids has been well publicised and 
reviewed by several workers (Bennett 1972, Genner & Hill 1981). In order to control these microbial problems conventional 
approaches have relied on a combination of good housekeeping and the use of chemical biocides (Hill1982, Oates 1982). Recently 
however, due to an increased awareness of the dangers associated with certain biocides, namely toxicity to workers and 
environmental risk, there has been a tendency to look for safer alternative control measures. 

Many alternatives to the use of biocides have been examined in the past. These include Gamma irradiation (Rossmoore & Brazin 
1969. Mixerel a/ 1969), filtration (Symes & Cowap 1975). centrifugation (Cook 1977), ultrasound (Rossmoore 1974, Wort & Lloyd 
1979), aeration (Abu Shaqra 1983) and pasteurization (Christiansen 1979, Rowe 1983, Rowe & Guest 1985, Elsmore 1985, Hill & 
Elsmore 1983). Of these physical methods of microbial control continuous pasteurization appears to be the most promising. 

Continuous pasteurization involves the removal and heat treatment of a slipstream of fluid from the machine sump. The heat 
treated fluid is then returned to the sump. In such a system for effective microbial control to occur, the net kill must exceed the net 
growth (Elsmore 1983). The heat treatment will exert a selection pressure in favour of any thermotolerant or sporing organisms that 
may be present in the fluid and as such should select for a more thermo resistant population. However this does not appear to occur in 
marine lubricating oil pasteurizers (Hill & Genner 1981 ). 

The typical spoilage flora found in metalworking fluids is dominated by Gram negative rods. particularly Pseudomonas spp. and 
sulphate reducing bacteria, typically Desulfovibrio spp. Yeast and filamentous fungi may also be significant spoilage organisms, 
particularly in synthetic, semi-synthetic and biostable fluids. These spoilage organisms may be antagonistic towards certain 
organisms entering the fluid (Rossmoore & Williams 1967) and in fact, many Gram positive organisms arc incapable of surviving in 
the metalworking fluid environment (Bennett & Wheeler 1954). Thermally selected surviving organisms from the pasteurization 
process would have to be capable of surviving in and utilizing the bulk fluid when returned to the sump in order to produce significant 
change in the dominant population of the fluid. 

This paper examines the effect of pasteurization on the bacterial flora of two metalworking fluids - one undergoing batch 
pasteurization treatment and the other having been continuously pasteurized for a period of time. The aim was to determine if a 
thermotolerant population was selected and if so whether the selected organisms became dominant in the infected fluid sump. A 
numerical scoring method was used to characterise isolates because it allows incorporation of all isolates into the analysis, unlike 
conventional identification methods in which many isolates might be excluded because they were not identifiable (Griffiths & Lovitt 
1980, Hill 1983). The differentiation of isolates was on the pattern of positive test results. Four sets of tests were used giving a 4 digit 
number or profile. This is the same method as is used in the API identification system (API systems S.A .• Balme Les Grottes, 38390 
Montalieu Vercieu, France). Test results were analysed by comparing percentage positive test results for each sample. Each sort* 
was compared to every other sort and the number of character differences calculated to indicate the similarities between the 
different sorts in each sample. The effect of pasteurization on growth rate and thermal resistance was also examined, to determine if 
the surviving population differed significantly from the original population. 

*Isolates labelled with numerical profiles. 

1Boots Co. PLC, 1 Thane Road, Nottingham, formerly of University College, Cardiff. 
2E.C. Hill and Associates, Unit M22, Cardiff Workshops, East Moors, Cardiff. 

©C·A·B lnlemationall986. 
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Materials and Methods 

Batch pasteurized sample 
A sample of an infected metalworking fluid (5% v/v oil emulsion concentrate in 120 ppm h,flfdness water) was heat treated at 700C for 5 seconds 

using a capillary tube technique (Hill & Elsmore 1983). The heat treated sample and a non-treated control were plated on Tryptose blood agar base 
(TBAB, Oxoid) using the Spiral Platemaker (Spiral Systems, Ohio) using the method of Gilchrist et al. (1973). The plates were incubated at 25°C for 
5 days. 

Continuously pasteurized samples 
The sump of the slipstream pasteUrization unit (Fig. I) was filled with 3% v/v metalworking fluid (a semisynthetic fluid made up in tap water) and 

inoculated with a heavily infected industrial sample of the same fluid. 11te first sample was removed after a period of ten days during which time no 
heat treatment of the fluid had taken place. 11te second sample was taken immediately after the pasteurization unit was turned. on. It was taken 
between the steam heater and cooler and had been heat treated at 70cc for approximately 15 seconds. The third sample was taken from the sump 
after4 months of pasteurization for8 hours a day (Monday to Friday). All three samples were plated onto TBAB plates using the Spiral plate maker 
and incubated at 2SCC for 5 days. 

Selection of isolates 
After incubation. colonies were removed from the outermost edges of the plates. This region of the plates represented the highest dilution areas 

and contained the dominant organisms (Hill 1983). The colonies were transferred to TBAB plates and checked for purity by microscopic 
examination after 5 days incubation at 25gC. Further subculturing was carried out where necessary until pure cultures of each isolate were obtained. 

Characters 
Twelve characters were used to describe each isolate. The characters were chosen because they were not mutually exclusive, provided variety and 

could be conveniently and easily assessed. The ability to grow at 50°C and the presence of spores were thought to be important to determine whether 
selection of thermophilic or sporing organisms had occurred in the pasteurization process. The test characters used are listed in Table 1. 

Spore test 
A 2 ml sample of a 3 day nutrient broth (Difco) culture of the isolate in a sterile thin-walled test tube was immersed in a water bath at SO"C for 10 

minutes. A 1 ml aliquot of the heat treated suspension was then spread on a TBAB plate using a flamed glass spreader. The plates were incubated at 
25"C ror 5 days before being examined for growth. Growth was also examined after a 5 day period at JrC and 50°C. In the isolates at 25°C the 
presence of a non-dirfusable pigment was noted. 

Hexadecane utilization 
Isolates were streaked onto the surface of Bushnell-Hass agar plates. This was prepared from Bushneii-Hass broth (Dirco) to which Noble agar 

(Difco) had been added (1.5°/o v/v). The sole carbon source was supplied by n-Hexadecane (BDH Chemicals Ltd.) which was present as a vapour. 
This was achieved by soaking a sterile 9 em filter paper (Whatman, Ltd. U.K.) with 1 ml of Hexadecane in the petri dish lid. Tite plates were 
incubated in the inverted position for 21 days at 25°C. 

The following tests were carried out according to the methods of Cowan and Steel (1974). 

Gram stain- (using Hi! lie's (1928) modification) 
Motility- (using the hanging drop method) 
Catalase- (on TBAB grown colony) 
Oxidase- (using Kovacs (1956) method) 
Gelatin liquefaction (Nutrient gelatin method) 
Oxidation and fermentation of glucose. (Hugh and Leifson (1953) meth.od) 

/I 
1520 L. 

water 
in Sump 

~ 
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Fig. 1 Diagram of continuous pasteurization unit showing steam heated plate heat exchanger (a) and 
water cooled heat exchanger (b) 
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Differentiation and isolates 

The isolates were differentiated on th~ basis of the presence or absence of the twelve characters. The characters were arranged into four groups of 
three (Table .I) and scores of 1. 2 and 4 g1ven to each character according to their position in the table. Each isolate was assigned a four digit number 
?r profile wh1ch represented the total scores for each set of characters. These profiles were unique for each combination of positive characters. It is 
Important to note that negative results were not recorded in the final numerical profile, Isolates labelled this way arc referred to as sorts. 

Table 1 Characters used in the differentiation of isolates. 

SCORE lst Digit 2nd Digit 3rd Digit 4th Digit 

0 or 1 Gram positive Rod Shaped Q rowth at37gC Oxidative (H+L) 
Oor2 Catalase Oxidase Growth at 50°C Non-diffusable pigment 
Oor4 Motility Hexadecane utilized Gelatin Liquified Spore 

As an example of this approach, if an isolate gave the following positive characters it would generate a profile of 6751 thus: 

Characterization 

Gram negative 
Catalase positive 
Motile 

Rod shaped 
Oxidase positive 
Utilized hexadecanc 

Growth at 37°C on TBAB 
No growth at SOOC on TBAB 
Liquefied gelatin 

Oxidative 
No pigment 
No spore 

Effect of pasteurization on growth rate 

Total Scores 

6 

7 

5 

One of a pair of flasks containing sterile metalworking fluid was inoculated with a heat treated (65°C for 10 seconds) sample of infected 
metalworking fluid. The other flask was inoculated with the same infected metalworking fluid which had not been heat treated. Both fluids were then 
incubated at 25gC in an orbital shaker at 100 rpm for up to 90 hours. The numberofviable bacteria per ml was assessed using a spiral plate technique. 
Two metalworking fluids A and B (both soluble oil emulsion fluids) were subjected to this test. 

Effect of pasteurization on thermal resistance 
A heat treated sample of infected metalworking fluid (pasteurized at 700C for 15 seconds) was used to inoculate a 500 ml flask of sterile nutrient 

broth (Difco). The flask was incubated for 48 hours at 30°C on an orbital shaker (100 rpm). Of this broth 0.1 ml was used to inoculate a 500 ml flask 
containing 200 ml of a sterile metalworking fluid. The flask was then incubated on an orbital shaker under the same conditions as above for 5 days. A 
capillary tube technique (Hill & Elsmore 1983) was then used to determine the thermal resistance of these recovered organisms. A non-pasteurized 
sample of the same metalworking fluid was also tested to determine if any selection ofthermotolerant organisms had occurred on pasteurization. 

Results 

A total of 439 bacteria were isolated from the samples of which 95 unique 4 digit sorts were generated. Table 2 shows the 
occurrence of the most common 4 digit sorts. The two fluids contained populations composed of differing sorts with only a small 
overlap of profiles between one fluid and the other. In the batch pasteurized sample a change in dominant populations can be seen 
between the treated and untreated sample. In the unpasteurized sample sorts 6740 at 50% and 7850 at 28% were the most abundant 
profiles isolated. After pasteurization at 70°C for 5 seconds these values fell to 8% and 9.5% respectively and sort 6710 became the 
most dominant profile at 34%. In the continuously pasteurized fluid samples the sort with the highest occurrence in the original 
sample was 6550 (with a frequency of34%) and 6150 (15%). 

These sorts were not detected in the sample which had been treated at 700C for 15 seconds but 6150 contributed II% of the 
dominant flora in the sump sample that had been continuously pasteurized for 4 months. In the heat treated sample, 6110 had the 
highest occurrence (41%) with a significant increase in its frequency compared with the original sump sample of which it represented 
only 2% of the flora. In the continuously pasteurized sump, sort 6111 had the highest occurrence in which it represented 29% of the 
isolates. 

The changes in proportions of positive reactions to the tests applied can be seen in Table 3. In the sample batch pasteurized at 70'C 
for 5 seconds an increase could be seen in the percentage positives for Gram positive, growth at 37°C, growth at 50°C and spore test. 
A drop in percentage positives for gelatin liquefaction could be seen. In the case of the continuously pasteurized metalworking fluid 
2, when sorts from the sample heat treated at 70°C for 15 seconds are compared to those of the original sump sample positive test 
results can be seen as growth at 3rC and 50°C and increase in Gram and spore test results. This was accompanied by a decrease in 
gelatin liquefaction and hexadecane utilization. 
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Differences could be seen between the sorts from the continuously pasteurized sump and the original sump. In the pasteurized 
sump a greater proportion of percentage positive test results occur for glucose, growth at 37°C and the oxidase test, while a decrease 
was seen in gelatin liquefaction and hexadecane utilization. It is significant that an increase of Gram positive sporing organisms or 
organisms capable of growing at 50°C was not detected. Each sort in a sample was compared to every sort and the number of 
character differences calculated; similarities between the different sorts can thus be shown. Fig. 2 shows the percentage occurrence 
of sorts with 0-8 character differences for the first MWF samples studied. The pasteurized samples showed a shift towards more test 
differences suggesting that the survivors of the heat treatment are a more heterogeneous group than the original microbial 
population of the fluid. The original fluid population appears to be a homogenous community of similar types (the mode being two 
test differences). In the case of the second metalworking fluid samples (Fig. 3) the initial sump fluid sample showed a narrow span of 
only 4 test differences between sorts with a mode of only two test differences. This suggests that the population was composed of a 
relatively homogeneous community of similar types. 

After heat t_reatment ~ shi~t to the right was seen implying that a more heterogeneous population h~s been selected by the heat 
treatment. Thts populatiOn dtd not appear to be a highly structured community but was a random assemblage of organisms that had 
survived the pasteurization process. The continuously pasteurized sample appeared to be more heterogeneous than the original 
sample but did not show as wide a span of test differences as the first heat treated sample. 

Fig. 4 shows test differences against pcrcent:.~gc of comparison for :1 combination of the sump flora iniliallv aml after hcnt 
treatment (a), and a combination of heat treated sample flora amllinal sump llora (b). It can be seen that the Jim;l sump llora had 
fewer test differences when compared to the initial populations than when compared to the heat treated sample. This suggests that 
the linal populations were more closely related to the initiul sump population than to the survivors of the heat treatment. 

The effect of heat treatment on growth rate is seen in Fig. 5. It can be seen !hut with the heat treated inoculum a longer lag period 
occurred. The growth rate in the second metalworking tluid. 13. appemcd to be slowerarter heat treatment. Fig. 6 shows the effect of 
pasteurization on the thermal resistance of the microbial population of a heat treated and non heat treated metalworking tluid. The 
results suggest that in this case the survivors were more sensitive to heat than the original population. 

Discussion 

The numerical profile system used allowed all of the organisms isolated to be incorporated into an analysis of the effect of heat on 
the microbial population. It also allowed detection of subtle changes of only one test difference which might be thought of as 
inconsistency in a conventional identification scheme. The susceptibility of such a system to test errors should be noted as 
reproduceability of test results can vary (Lapage eta/. 1973). However, such errors can be expected in any identification scheme. 

It is interesting to note that relatively few single differences could be seen when the profiles were compared (Figs 2, 3 and 4) but 
many of the dominant organisms showed single test differences from each other. It is possible that changes in profiles may not 
necessarily be due to changes in the dominant population, particularly where single test differences arc concerned but may be due to 
loss of a particular attribute of character due to the heat treatment. 

The batch pasteurization experiment showed that a change in the dominant bacterial population of the metalworking fluid 
occurred in heat treatment. The heat treatment also caused an increased in diversity compared to the no heat treated sample. When 
the similarities between the sorts was examined it revealed that the normal fluid population was composed of a homogeneous 
community of similar types. The heat treated sample, however, appeared to be a more heterogeneous assemblage of organisms. The 
heat treatment seemed to select for certain types of organisms e.g. Gram positive and sporing organisms. 

In the continuously pasteurized sample a significant change can be seen between samples following heat treatment. Again an 
increase in diversity was seen with the sorts selected being less similar to each other ,than the sorts in the original population. The 
original population appeared to be composed of a homogeneous community of similar types, the heat treated sample showing no 
such community structure. 

The continuously pasteurized sump sample showed a smaller increase in diversity than the heat treated sample. The sorts were 
less similar to each other than the sorts from the original sump sample but were more homogeneous than the heat treated sample, 
suggesting that some community structure was present. An unexpected result was the complete ·disappearance of hexadecane 
utilizers. This implies that the new sump flora were not oil degraders. 

Changes in the relative numbers of certain sorts could be seen, their numbers altering between the iO.itial and final sample. Certain 
sorts present in the original sample were not detected in the final sample whilst others not found in the original sample had become 
dominant. This implies that some succession of the dominant sorts had occurred. 

It is significant to note that certain characters selected for in the heat treatm~nt process, that is Gram positive, spore formation and 
the ability to grow at 50°C, were not seen in the final sump population. This suggests that these organisms, having survived the heat 
treatment process, were not competitive with the sump spoilage flora. They may originally have been present at transient 
environmental contaminants rather than true spoilage organisms. 

The use of differing holding times in the batch and continuous treatment experiments may have been an additional factor affecting 
the results. The continuously treated sample received a more severe treatment 70°C for 15 seconds rather than 70°C for 5 seconds in 
the batch experiment and thus received a greater selective pressure. 

The heat treatment of the infected metalworking fluid increased the lag period of the fluid flora when compared to the original 
population. This phenomenon has been seen in other heat treated cultures (Beuchat & Lechowich 1968, Kaufmann eta/. 1959). 

The results of the capillary tube heat treatment of the recovered survivors of the pasteurization process suggest that selection of 
thermoduric organisms does not occur as the recovered microorganisms appeared more heat sensitive than the original population. 
The reason forth is may be due to incomplete recovery of the heat treated cells causing them to be more susceptible to environmental 

stress (Harris 1963). 

Both authors acknowledge with thanks the technical support ofEsso Research Centre, Abingdon and APV in Crawley for the loan of equipment. 
Richard Elsmore also acknowledges with thanks the financial sponsorship for his post·graduate studentship by Esso Research Centre, Abingdon. 
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Table 2 Table of occurrence of most common sorts in the batch and continuously pasteurized metalworking fluids. 

Profile Batch experiment Continuous experiment 
MWFI MWFI MWF2 MWF2 MWF2 

Pasteurized at sump Pasteurized Sump 
70"C for 5 sec at 7fYC for 15 sec after 4 months 

4110 I 
4111 17 
6110 7 
6101 s 
6110 2 IS 5 
6111 29 
6140 9 
6141 2 I 
61SO 14 11 
61Sl 10 8 
6340 4 3 
6350 7 9 
6550 31 
6710 36 
6740 53 8 
6744 2 I 
6750 29 10 2 
6754 3 2 
6760 3 I 

No. of isolates 
in sample 105 105 91 37 101 

No. of sorts 15 32 14 12 

MWF = metalworking fluid 

Table 3. Percentage of total isolates posilive for each of the 12 characters used to differentiate the isolates. 

Initial Population 

Gram positive I 
Catalase 100 
Motility 96 
Rod shaped 97 
Oxidase 97 
Hexadecane utilized 92 
Growth at37"Con TBAB 33 
Growth at 500C on TBAB 5 
Gelatin liquefaction 100 
Oxidative(H+L) 0 
Pigment 0 
Spore 10 

Number of isolates in each sample 105 

Percent of isolates positive 

MWFI 
Sample after 
pasteurization at 
7(fC for 5 seconds 

7 
95 
91 
95 
87 
94 
79 
8 

28 
2 
0 

20 

105 

References 

MWF2 
Initial population in Sample after 
sump pasteurization at 

70°C for 15 seconds 

6.6 11 
100 89 
100 97 
100 95 
13 14 
47 8 
29 70 
4 8 

96 19 
18 8 
0 0 
0 5 

91 37 

22 

Sump population 
after 4 months of 
continuous 
pasteurization 

3.9 
80 

100 
100 
83 
0 

89 
0 

36 
68 
4 
0 
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FUNGAL DETERIORATION OF DRIED BARLEY MALT IN INTERNATIONAL TRADE 

R.N. OKAGBUE1 

Abstract: All the malt samples supplied by Nigerian Breweries Ltd were contaminated by fungi. The two 
species Asperigillus fumigatus and A. versicolor were the only ones found in relatively high frequencies. 
However, A. versicolor was probably located superficially on the grain. The results supplement the 
findings of other workers and suggest that measures should be taken to control these species. 

Introduction 

Unmalted dried barley is usually stored at a moisture content of 13% or below. In that condition 1 its heterogeneous microflora 
(Flannigan 1969) cannot proliferate and spoilage does not occur. During malting, the grains are steeped in several changes of water 
and their moisture content increases to up to 45%. In consequence, some fungi (the hydrophilic category) multiply for some time 
{Flannigan eta/. 1982). Their growth stops when the malt is dried {by kilning) to a moisture content of approximately 4%. 

Although Flannigan eta/. (1982) showed that the microftora of finished malt could grow and cause spoilage during storage in the 
laboratory for 9 weeks at relative humidities 79-100%, cases of microbial spoilage of malt in international trade seem to be rarely 
reported. Apparently, spoilage is limited by the low moisture content of malt and by the relatively good storage and packaging 
facilities in the malt-producing countries (usually European and American). Another possibility is that many developing countries 
may ignore defects in malt imported from advanced countries because facilities for reporting the defects may not exist. It is clear, 
however, that genuine reports would be beneficial to all parties interested in the quality of malt used in breweries and other food and 
beverage industries. This paper reports an investigation of a case of mouldiness in malt imported by a Nigerian brewery. 

Materials and Methods 

Description and source of the mouldy malt: The sample of malt analysed in thisstudywas supplied to our laboratory by H. Otter, the Technological 
Controller of Nigerian Breweries Limited, Kaduna, Nigeria. It was contained in a fresh plastic bag and was in the form of 'cake' in which individual 
kernels were apparently glued together by fungal mycelia. Mouldiness was obvious as a brownish powdery coating with some bluish-green patches 
on the sample. According to the supplier, many similar 'cakes' of malt were seen when a consignment or imported malt arrived at the brewery (six 
days earlier) from the sea-port. Neither the country of origin nor the date of arrival at the port was reported. The sample was kept at lO"C and 
analysed after one week. Before the analysis, malt kernels were carefully dislodged into sterile petri dishes by using a sterile spatula. 

Mycological analysis: The agar plate test (Flannigan 1969) was used to isolate the fungi associated with the mouldy kernels. Before plating, one 
batch of the kernels was surface-disinfected by soaking for 10 minutes in a 3% (v/v) dilution of Milton (Richardson-Vicks Ltd., Egham, Surrey, 
U.K.), followed by rinsing four times with cold sterile tap water. The surrace-disinfected and the non-disirifeeted lots of malt were then plated {10 
kernels in each often 9.0 em petri dishes) on Czapek's agar media containing 3% and 20% sucrose, the latter for isolation ofosmophilic fungi (Smith 
1969, Mehrotra & Basu 1975). Flame-sterilised forceps were used for plating the kernels, the forceps being allowed to cool between transfers of 
individual kernels. The test agar plates were incubated at room temperature (approximately 25-27"C) for 6 days. Isolates were purified on media 
similar to those of isolation and were identified by reference to Smith (1969) and to Gilman (1957). 

1Department of Microbiology, Ahmadu Bello University, Zaria, Nigeria. 
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Results and Discussion 

The percentage of malt kernels yielding specific microorganisms when incubated at 25°C on Czapck agar containing 3% and 20% 
sucrose are presented in Table 1. 

Table 1. Percentage contamination of kernels in spoiled malt by microorganisms. 

Contamination % 

Czapek's agar* Czapek's agar 
+ 20% sucrose 

Bacillus sp. 
Aspergillus fumigatus Fres. 
A. versicolor (Vuill.) Tiraboschi 
A. g/aucus (group) 
Cladosporium sp. 

S.d. 
0 

100 
4 
0 
0 

n.d. 
0 

100 
92 
0 
2 

• -contains 3% sucrose; s.d. =surface disinfected; n.d. = non disinfected. 

S.d. n.d. 
12 0 

100 50 
43 97 
0 24 
0 0 

Preliminary studies with non disinfected kernels showed that bacterial contamination of the spoiled malt was negligible. Thus, no 
antibacterial agent was incorporated into the growth media. Some surface disinfected kernels yielded a Bacillus sp. which formed 
large mucoid colonies in the high sugar medium. 

Fungi were the predominant isolates from the sample under test. A preliminary study in which dust and debris from the malt were 
sprinkled randomly on the agar plates, revealed presence of Rhizopus sto/onifer (Ehren b.: Fr.) Lind and Aspergillus candidtts Link: 
Fr. The latter seemed to grow appreciably well under high and low sugar conditions but R. stoloniferwas severely inhibited by 20% 
sucrose. The two fungi were not observed subsequently when kernels were plated out on the media, suggesting that they were 
probably chance or superficial contaminants of the spoiled malt. In contrast, A. glaucus group and Cladosporium sp. which were not 
observed on agar plates containing the sprinkled materials, were isolated infrequently from plated kernels (Table 1). A. fumigattts 
and A: versicolor were the only fungi which occurred in relatively high frequencies on or in plated kernels (Table 1) as well as on 
fragments and debris from the spoiled material. The reduction in recorded frequency of A. versicolor, caused by surface disinfection 
of the kernels showed that the fungus was probably superficially located on most of the kernels. It was also apparent that the fungus 
was osmotolerant (shown by its relative luxuriant growth in the high sugar medium). Indeed, growth of A. versicolor in the presence 
of 20% sucrose often suppressed the appearance and colony-size of A. fumugatus. This fact probably explains the low recorded 
frequency of the latter fungus on non-disinfected kernels plated on the high sugar-containing medium. 

Fungi similar to those observed in this study were isolated from dried barley grain (Flannigan 1969). Thus the present isolates 
were probably survivors of the malting process. The occurrence in finished malt of the A. glaucus group of fungi and A. fumigatus 
was shown by Hannigan eta/. (1982) and by Gyllang and Martinson (1976); the latter group of workers also implicated A. fumigatus 
in gushing in beer. Flannigan and co-workers also showed that A. versicolour and A. glaucus group, among others, could proliferate 
and cause spoilage of malt under experimental storage conditions. Since A. glaucus was isolated only infrequently in this study, it 
probably played a negligible role in the spoilage of the malt. As finished malt is strongly hygroscopic, it is probable that the moisture 
content was raised by exposure to moist conditions before or during transoceanic transportation or at the port of arrival in Nigeria 
before delivery to the brewery, and facilitated spoilage of the malt by A. fumigatus and A .. versicolor. In general, the findings of this 
study supplement previous observations (Gyllang & Martinson 1976, Flannigan eta/. 1982) on contamination and spoilage of 
finished malt by the two fungi and show that the later phenomenon can occur under commercial conditions. 

Although the extent of economic loss caused by fungal deterioration of malt imported by developing countries is uncertain, the 
case described in this paper suggests that suitable sanitary measures should be intensified in maltings to minimise fungal populations 
in finished malt. It is also clear that suitable precautions should be taken during packaging, shipment and storage at the port of 
arrival to protect malt from high humidity and other conditions which might cause proliferation of the fungi carried on the kernels. 

I am grateful to M.H. Gumel of the Department of Crop Protection, Ahmadu Bello University, Zaria for confirming the identity of isolates of A. 
fumigatus and A. versicolor. 
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BIODEGRADATION TEST EOR MICROBICIDES* 

J. DE WAART1 and M.M. VANDER MOS'f1 

Abstract: The dosed-bottle-test was modified for determining the degradability of microbicides• with 
widely differing chemical and physical properties by introduction of the following: 
1. fixing test concentration at 7 mg COD/litre 
2. standardizing the inoculum (1.5 mg dry matter sludge/litre); (sieving and aerating sludge) 
3. keeping endogenous oxygen consumption low (2 rng Oilitre) by using nitrate in the medium 

The degradability of eleven different microbicidcs from five different groups Was determined: quats, 
phenols; chloramidcs, amphotcnsids and dialdehydes. The method is reproducible. The ampho-tensid 
which is difficult to degrade could be broken down with adapted sludge. Radiochemical investigation 
demonstrated that two microbicides when degraded, had been mineralized. 

Introduction 

Several biodegradation tests for organic compounds have already been developed (Gerike & Fischer 1979, 1981). In these 
methods a test concentration is used of 10 mg to over 50 mg chemical oxygen demand (COD) per litre (Pauli & Franke 1972, Pitter 
1976, Bolk 1979, Means & Anderson 1981). These microbicide concentrations are toxic to the bacteria in the test. In official 
application for approval of pesticides a biodegradation test is suggested using radioactive labelled compounds (Commission 
Admission Pesticides 1981). However, this is expensive and requires high concentrations. 

The present research is based on the closed-bottle-test according to Fischer, a biodegradation test applied to low concentrated 
chemical compounds, among others microbicides. The Fischer test was developed for saponaceous compounds. The closed-bottle
test including an inhibition test is described in detail in publication sheet L251 of the Commission of the European Communities 
(EEG-L251, 1984). Biological oxygen demand (BOD) is used as a criterion for biodegradation which can be determined according 
to ISO regulations. As the closed-bottle-test itself is not suitable to follow the degradation of microbicides, a modification was 
sought. The test had to be modified in such a way that it would be carried out with microbicides below a concentration of 10 mg COD 
per litre. 

An explanation concerning the correlation between COD and weight for several microbicides had been added to Table 2. In most 
cases these low concentrations of microbicides are non-toxic to bacteria. The limitation of the new test however is that it can only be 
used for compounds soluble in water. The most important modifications of the closed-bottle-test introduced in this research 
(EC-L215 '84) on the detection of biodegradability ofmicrobicides are: 
1. determination of a maximum test concentration 
2. standardizing and enlarging the inoculum 
3. reducing the endogenous respiration 
Industry and public authorities need a rapid standardized and reproducible test for the determination of the degradation of 
microbicides in connection with the admission examination of new microbicides. 

In this paper a description is given of the reproducibility and accuracy of the method developed using six out of the twelve 
microbicidcs. Also suggestions are made for a possible further simplification of the test. 

Methods and Materials 

I. Old method 
In an early stage of the research a lower concentration of dry matter in the inoculum was used. Furthermore the old inoculum consisted of three 

components and, because of filtration through glasswool, showed variation in the sludge content, i.e. bacterium content. 
The inoculum is prepared as follows: 30-minute stirring of a mixture of: 50 ml fresh river water, 10 ml active sludge from sewage purification plant, 

40 ml tap water and 400 mg garden soil. This suspension is filtered through glasswool. The final concentration of the sludge is 0.1 mg dry matter per 
litre, while in the old method the dilution water still contains 1.7 g ammonium chloride. This produced a too high endogenous oxygen consumption as 
a result of nitrification. 

II. Modified method 
The biodegradation test with sludge lasts four weeks. Simultaneously a one-week inhibition test is carried out. (See appendix for details of nutrient 

solution, inoculum and inhibition test). This test can be used to indicate toxicity in case the compound is not broken down. In the test the microbicide 
serves as the only carbon source. Consequently, the oxygen consumption is a measure of the degradation of the compound. Every week the oxygen is 
measured three times. Sodium acetate is incorporated in the test as an easily degradable compound, as a reference. 

The water soluble active component of a microbicide (7 rug COD/litre) is added to an oxygen-saturated {9.2 mg Oilitre) nutrient solution together 
with activated sludge, and incubated in closed-bottles in the dark at zooc for four weeks. The concentration of the microbicide to be examined is 
expressed in COD. The inhibition test is started with sodium acetate, so that any inhibition of the biodegradation by this compound is tested with a 
concentration range of the microbicide. The degradation and inhibition test have controls of spdium acetate without microbicide and blanks with 
sludge in nutrient solution and with nutrient solution only. 

1TNO-CIVO Food Analysis Institute, Zeist, The Netherlands 
• As the term disinfectant docs not completely cover the compounds investigated, we will use the word microbicide instead. 
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114 Biodegradation test for microbicides 
Every week the oxygen content is measured with an oxygenmeter and the degradation and inhibition percentages arc calculated. 

Apparatus: 

A well ventilated incubator of20"C +zoe. 
An oxygenmeter for in situ measurement. 
63 Narrow-necked brown stoppered flasks of250-300 ml the stoppers of which arc greased with silicone. 

The microbicides tested in this research belong td six different groups: quaternary ammonium compounds; phenols; chloroarnides; ampho
tensids; chlorhexidincs and dialdehydes. Altogether twelve different microbicidcs have been examined of which those marked with * were tested 
according to the old method. 

scientific name 

- *didccyldimcthyl ammonium chloride 
- *dodeeylbenzyldimethyl ammonium chloride 
- • .4-chlorophenol 
- *2-hydroxy-5-chlorodiphenylmethane 
- *2-hydroxyphenol 
- *N-methyl chloroacetamidc 
(a chlorine releasing compound) 

trivial name 

=quat 2 
= quat3 
= chlorophenol 

= hydroxyphcnol 
= chloroamidc-2 

Although examined according to the standardized modified test, the C14 1abelled microbicide decylbenzyldimethyl ammonium bromide (=quat 
4), had not been included in the reproducibility experiment. With the following microbicides the modified closed-bottle-test is examined for its 
reproducibility. 

scientific name 

- alkylbenzyldimethyl ammonium chloride 
-sodium salt ofN-chloro-4-tolucnesulfonamide 
(a formaldehyde releasing compound) 
- dodecyne- and dodecyl aminopropylamino acetic acid 
- pcntanedial 
- 4-chlorophenol 
- 1 ,6-di (4' -chlorophenyldiguanido) hexane 

(i) Degradability percentage 

trivial name 

=quat 1 
= chloroamide-1 

= ampho-tensid 
= dialdehydc 
= chlorophenol 
= chlorhexidinc 

The oxygen consumption is a measure of bacterial activity and consequently an indication of biodegradability, because the microbicide is present 
in the bottle as the only carbon source. The endogenous respiration in the control is obtained by subtracting the oxygen content of the inoculated 
control from that of the non-inoculated contrOl ( = C11,). 

The equation C111-C1 is used for the calculation of the degradability 
CODo x 100% 

percentage of the microbicide in which: 

Ch, = oxygen content in mg Ozflitre in bottle of the inoculated blank after timet (in weeks) 
C, =oxygen content in mg Ozflitre after timet (weeks) in bottles with microbicide 
COD0 =quantity of microbicide in mg COD per litre in bottle at the beginning of the test 

(ii) Calculation of inhibition percentage 

The inhibition test determines the inhibition of a series of microbicide concentrations on the biodegradability of sodium-acetate after one week. 
The calculation is done to the formula: 

C;1 - C,.1 X 100°/o,ofwhich 

c", c", 

C;,t =oxygen content in mg Oz/litre in bottle without microbicide and with sodium acetate after time (t) 
C;, = oxygen content in mg 0 2 per litre in bottle with sodium-acetate and a certain microbicide concentration after time (t). 

III. Radiochemical method 
11te radiochemical research has been carried out according to the slightlY modified MT-TNO method (Compaan 1977). The research was executed 

at TNO-CIVO Toxicology and Nutrition Institute by Dr. H. van den Berg. C14 labelled quat 4 and chlorophenol have both been synthesized by 
MT-TNO Delft and obtained through the mediation of Jr. J .F. de Kreuk. Measurements of the blanks and of the complete experiments have been 
carried out in three and six fold respectively. 

IV. Adaptation or sludge 
The construction of the diminutive sewage purifying plant was performed according to the instruction in the EC publication sheet ('EEG-L347 

1973). 
By increasing the concentration of ampho-tensid by 0.5 COD/litre every 2.5 days equilibrium of sludge to ampho-tcnsid was reached in 35 days at 7 

mg COD per litre influent. The installation was inoculated with OECD-medium, the components of which were added aseptically with a retention 
time of 3 hours. The sludge was returned every 5 minutes, instead of continuously. Previous to the application of the adapted sludge in the 
degradation test the installation was supplied continuously for 9 days with influent containing 7 mg COD ampho-tensid per litre. 

j 
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Results 

1. Comparison of degradation percentages of four micr~bicides according to the old- and final modified method 
The old method gives a wide spread of results between the triplicate measurements of the percentage degradation of chloroamide-

1, quat 1 and ampho-tensid with a range of at least 70% (Table 1). The middle value of a series of measurements has been taken as 
the final percentage of degradation or inhibition. With the old method the break down occurs in the 3rd and 4th week and with quat I 
(13% versus 79%) and ampho-tcnsid (0 versus 36%) reaches a percentage degradation three times as low as determined by the final 
modified method after four weeks. Even choloroamide-1 is hardly degradable. Although the percentage degradation of 
chlorophenol is lower with the old method (71% versus 93%) and starts a week later, a reasonable degradation percentage with 
chlorophenol is reached with only 7% variation between the triplicate measurements. The modified closed-bottle-test indicates a 
regularly increasing degradation percentage with small variations (0-20%) in the measurements for three of the four microbicides 
examined. With this method the degradability of ampho-tensid in the 3rd and 4th week is also demonstrable, although at a low value 
(36%) and showing marked variations in the results. Besides for chlorophenol (Table I) the percentage degradation could still be 
determined satisfactorily with the old method for quat 2 (60% ± 2.9); quat 3 (63% ± 25.5); chloroamide-2 (32% ± 6.7'); 
2·hydroxyphenol (75% ± 1.2) and 2-hydroxy-5-chlorodiphenylmethane (69% ± 3.1). Ampho-tensid cannot be easily tested for 
biodegradability by the new method. However, the experiment with adapted sludge shows a degradiation percentage of 82%. as 
indicated in Table 5. 

*See discussion. 

2. Reproducibility of the degradation test for microbicides 
Table 2 gives a survey of the reproducibility of the degradation test for the following microbicides: quat I, chlorophenol, 

chlorhexidine, ampho-tensid, dialdehyde and chloroamide-1. The results indicate that the oxygen consumption by the endogenous 
respiration in the experiment with 6 replicates yield corresponding figures under 1.5 mg oxygen per litre. In the concentration tested 
chlorhexidine appears not to be degradable. Table 3 shows that chlorhexidine still produces an inhibition of 35% and 47% at the 
lowest test concentration (2.2 mg). As indicated in Table 2, the degradability percentages of chlorophenol, quat I (series I and 3) 
and chloroamide-1 (series I) correspond in the 3rd and 4th week with those of sodium acetate and in the 4th week of the second 
series with ampho-tensid with adapted sludge (Table 5). Dialdehyde remains below the percentage degradability of sodium acetate 
in the 4th week with a score of 61% to 64%. The relevant figures for ampho-tensid are still lower: 14% to 36%. Table 4 shows that 
ampho-tensid can be toxic in the test concentration of? mg COD per litre and reaches an inhibition percentage of 56% as the middle 
value of the three measurements. Apart from the deviation of the figures in the second series of chloroamide-1 in the 3rd week and 
the irregular breakdown design of ampho-tensid, the dcgradability percentages of each of the five measured microbicides are close 
(Table 2). In comparison with the 5.5% standard deviation of sodium acetate the variations in the measurements of series 2 and 3 of 
chlorophenol and of all three series of ampho-tensid are large in the 4th week: 13% and 16 to 100% respectively. As the degradation 
of a microbicide is calculated from the results of the measurements in the 4th week, the reproducibility of the degradation tests of the 
five microbicides mentioned in Table 2 arc considered to be satisfactory. The variation between the series of all microbicide lies 
within20%. 

3. Radiochemical research 
A degradability of 82% was reached in four weeks with C 14 labelled radioactive chlorophenol. Furthermore, it has been found 

that the degraded microbicide is completely converted to carbon dioxide gas. The mass-balance showed that hardly any 
chlorophenol is absorbed by the bacteria. 

After 7 weeks C14 labelled radioative quat 4 is degraded by 92%. Even after three weeks one of the three bottles showed a 
breakdown of 51%. As with chlorophenol this percentage degradability confirmed earlier results. The mass balance of each of these 
two labelled microbicides was found to be in good order. The completely degraded quat 4 is converted to carbon dioxide. 
Furthermore, a very small quantity adheres to the bacteria and remains on the filter (Compaan 1977). 

4. Influence of nitrogen in the medium on degradability in the biodegradation test 
Table 6 shows the influence of the nitrogen source on the degradability of three microbicides: quat 1, chlorophenol and 

ampho-tensid. The endogenous oxygen consumption is favourable and remains under 1.5 mg oxygen per litre with and without 
nitrogen in the medium. In the 4th week the percentage degradation with and without nitrogen of quat 1, chlorophenol and 
ampho-tensid differs only by 2%, 8% and 10% respectively. It is noticeable that the standard deviation for the four successive 
measurements per microbicide in one month is larger without nitrogen than with nitrogen in the medium. This difference is also 
observed with sodium acetate and may be as great as a factor of 8. 

It is evident that in the medium without nitrogen the breakdown of chlorophenol is retarded in the 2nd and 3rd week (Table 6). 
However, after 4 weeks the degradability of sodium acetate is again approaching that obtained in the nitrogen enriched media. The 
standard deviation of the measurements for quat 1 (under8%) are even lower than for sodium acetate (6 to 15%) in the 3rd and 4th 
week. The maximum variation coefficient in the measurements without nitrogen in the medium for chlorophenol is 24% and for 
ampho-tensid it fluctuates betwewen 36% and 100°/o' in the 3rd week. 
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Discussion 

The test developed for detecting the degradability of microbicidesdemonstrates that for five microbicides with sludge from a large 
sewage work plant reproducible values can be obtained (Table 2). Chlorhexidine appeared not to be degradable. Concerning the 
remaining six microbicides the degradability was determined according to the old method. The old method described above already 
deviates in various respects from the closed-bottle-test published in the EC publication sheet 1984: i.e. a higher dry matter content, a 
different composition of the inoculum and a difference in the execution of the inhibition test. The final modified test is based on a 
test-concentration of7 mg COD microbicide per litre and on an increased sludge content as high as 1.5 mg dry matter. This appeared 
to be possible only if the endogenous oxygen consumption was decreased at the same time. This is effected by previously aerating the 
sludge for at least 30 minutes and largely eliminating nitrification by replacing ammonium in the medium by nitrate. In order to 
standardize the inoculum it was necessary to sieve the sludge through aseptic gauze instead of glasswool. This inoculum can be 
increased if it is taken into account that 1.5 mg dry matter per litre leads to an endogenous respiration of only 1.4 mg oxygen per litre. 
This means that the chance of degradability of recalcitrant microbicides can still be increased (Table 2 and 6). In order to control the 
endogenous oxygen consumption a non-inoculated blank was incorporated as a control. The difference of the oxygen consumption 
of the inoculated and non-inoculated blank must be under 2 mg 0 2 per litre. With an endogenous oxygen consumption of 2 mg 0 2 

per litre sufficient oxygen is still left in the test bottle to measure the decrease in oxygen as a result of the bacterial activity during the 
breakdown of the microbicide. 

At the beginning of the test the oxygen saturation concentration in the medium in the bottle is 9.2 mg 0 2/litre. Variation in the 
measurements determining the endogenous respitation is small: 1.1 to 1.7 (Table2 and 6). The variation coefficient lies between 7% 
and23%. 

The degradability for three series per microbicide in the 4th week varies as follows: under 10% with dialdehyde and quat I, 25% 
with chlorophenol, under 16% with chloroamide-1 and 54% with chlorophenol. 

Variation in degradability of ampho-tensid is only 5% if adapted sludge is used (Table 5). 
Chloroamide-1 releases chlorine. Chlorine is an oxidizing as;ent responsible for the antimicrobial effectiveness. Chlorine is very 

quickly consumed by organic material occurring in an inoculum. Therefore the biodegradation of chloroamide-1 is to be ascribed to 
4-toluenesulfonamide. Chloroamide-2 releases 24% formaldehyde which corresponds to 40% of the COD of chloroamide-2. The 
32% ± 6.7 biodegradation of chloroamide-2 has consequently to be attributed to the easily biodegradable formaldehyde. The 
irregularities in determining the degradability of chloroamide-1 was probably caused by leaking stoppers. 

Presumably, because of its toxicity in the applied concentration of 7 mg COD/Iitre it appeared that the degradability of 
chlorhexidine cannot be tested (Table 2). The irregular breakdown of the ampho-tensid is probably also due to its toxicity, as 
appeared from the results of the inhibition test given in Table 4. With the old method which has a lower degradation-potency caused 
by a 10 X lower dry matter content of the inoculum, the degradability of the following microbicides could still be determined: 
2-hydroxyphenol; 2-hydroxy-5-chlorodiphenylmethane; quat 2; quat 3 and chloroamide-2. The literature on this subject 
demontrates the importance of quality and quantity of the inoculum in biodegradation tests (Blok 1984). Better results are obtained 
in determining degradability with the modified method (Table 1). 

Of the twelve microbicides examined only chlorhexidine appeared not to be degradable while ampho-tensid was difficult to 
degrade. However, if ampho-tensid adapted sludge is used in the test, the degradability is comparable with that of sodium acetate 
(Table 5). 

From this it is evident that in cases of microbicidcs that arc difficult to degrade, the test with adapted sludge is applicable. 
Introduction of an inhibition test may be a suitable means to find out whether toxicity is the reason that a compound is not broken 
down. 

The radiochemical experiment with C14 radioactive labelled quat and chlorophenol was carried out in the present investigation to 
follow the occurrence of mineralisation of microbicides. The experiment showed that the carbon skeleton of two microbicides is 
broken down to C02 gas. The calculated degradation values for C14 labelled quat4 and chlorophenol are 92% and 82% respectively, 
confirming previously established values. 

In order to achieve further simplification of the experimental design; investigations have been carried out in which nitrogen 
addition was omitted (Table 6). The difference in degradability of the microbicides examined \Vith and without nitrogen appeared to 
be 10% at most. Only with chlorophenol does retardation of breakdown occur as a result of nitrogen shortage (Table 6). Without the 
standard deviation of the degradation values is in many cases a multiple of that obtained with nitrogen in the medium. 

A possible simplification of the test can be reached by dropping the nitrification inhibitor allylthiourea from the medium. 
Potassium nitrate that has been introduced in ~he final modified medium probably makes this addition superfluous. 

Table 1 Comparison of percentage biodegradability of four microbicides obtained according to the old and the modified closed bottle test 

%biodegradation according to the old method of the closed bottle test 

chloronmidc-1 qunt-1 chlorophenol nmpho·lensid 
Week measurement mca~urcment measurement measurement 

I 0 0 I 0 0 5 0 0 " 2 3 4 
2 " 0 2 " 35 36 " 0 " " • 0 
3 3 9 19 II 0 2 M 67 73 I ' 4 
4 II 0 II II 13 36 M 71 71 0 • 36 

% hiodcgmd<lliun :teenrding to the mnr.lilicd method I)f thc: closed bottle test 

chloruamidc-1 quai-l chlorophenol umpho·tensid 
Week measurement measurement measurement measurement 

I "" 67 "" c\11 60 c\11 3 3 0 • 6 
2 74 75 75 M 73 77 89 .. IJ!i " • " 3 80 81 82 76 80 ., 88 93 96 " 31 47 
4 91 94 94 78 79 " M 93 94 29 36 40 
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Table 2 Reproducibility of the biodegradation test for six microbicides based on oxygen consumption 

Endogenous oxygen consumption in mg per litre 
Week 2 3 4 5 6 

I 0.7 0,8 0,8 0,5 0,6 0,6 0,7 0,8 0,8 0,8 0,8 0,8 0,9 0,9 0,9 0,8 0,9 0,9 
2 0.9 1,0 1,2 0,7 0,9 1,0 1,1 1,2 1,4 0,8 0,9 1.0 1,1 1,1 1,1 0,5 0,9 1,0 
3 1.1 1,2 1,4 1,2 1,2 1,3 0.9 1,0 1,0 0,9 1,2 1,3 1,1 1,1 1,2 0,9 0,9 1,0 
4 1,1 1,3 1,6 1,1 1,1 1,1 1,4 1,4 1,5 1,1 1,3 1,3 1,0 1,3 1,3 1,2 1,2 1,4 

% degradation Na-acetate %degradation quat-1 
Week 2 3 2 3 

I 70 71 72 65 69 71 72 72 74 55 59 61 56 58 58 56 56 64 
2 70 74 75 72 72 75 75 75 76 67 68 70 59 62 64 67 67 75 
3 81 85 86 70 73 74 84 84 86 72 77 78 62 64 70 78 80 82 
4 80 86 87 85 88 89 87 87 89 72 75 77 63 72 72 75 76 77 

% degradation Na-acetate % degradation ampho-tensid 
Week 4 5 6 4 5 6 

I 70 70 71 67 67 68 67 67 68 0 0 0 0 0 0 0 0 6 
2 72 74 76 72 72 74 74 74 75 0 0 16 0 16 22 0 0 0 
3 75 81 82 75 76 82 63 76 89 10 13 21 0 0 0 13 31 47 
4 80 84 89 75 82 83 79 81 84 23 26 36 0 14 45 29 36 40 

% degradation chlorophenol % degradation chloroamide-1 
Week 2 3 I 2 3 

I 0 2 3 5 7 17 2 2 4 60 67 68 0 61 63 48 48 48 
2 5 71 79 78 81 84 72 73 74 74 75 75 71 71 74 51 51 52 
3 61 88 90 76 80 84 87 88 90 80 . 81 82 0 68 71 55 58 59 
4 86 88 90 80 100 100 65 71 84 91 94 94 76 81 81 20 56 57 

0
/() degradation dialdehyde % degradation chlorohexidine 

Week 4 5 6 4 5 6 
--1 38 44 44 36 37 38 42 43 46 0 0 0 0 0 0 0 0 0 

2 54 56 57 52 54 56 52 58 58 0 0 0 0 0 0 0 0 0 

3 60 60 60 35 59 62 59 62 63 0 0 0 0 0 0 0 0 0 
4 63 64 64 52 61 61 56 62 62 0 0 0 0 0 0 0 0 0 

1-6 inclusive: days on which sludge of municipal sewage works in Zcist was taken in the period of 6th up to and including 23rd September 

Concentrations of chemicals in the bottles of these experiments: 

mgflitre mg COD/litre 
Sodium acetate 14,55 6,91 
Quat-1 5,51 7,00 

Chlorophenol 4,43 6,96 
Chloroamidc-1 6,34 6,97 
Ampho-tensid 9,91 6,94 

Dialdehyde 7,13 6,94 
Chlorhexidine 5,35 6,85 
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Table 3 bzhibition of the biodegradation of sodium acetate by increasing concentrations of cltlorllexidine 

Measurement after concentration chlorhexidinc % inhibition 

Week mg COD per litre 

2,2 36 
3,8 40 
6,9 46 

12,3 100 
21,8 100 

2 2,2 35 
2 3,8 39 
2 6,9 48 
2 12,3 100 
2 21,8 100 

3 2,2 35 
3 3,8 36 
3 6,9 46 
3 12,3 45 
3 21,8 46 

4 2,2 44 
4 3,8 44 
4 6,9 50 
4 12,3 51 
4 21,8 54 

N.B. Calculation of this "'/o inhibition according the formula: 

oxygen content in in_hibition test- oxygen cont_ent in control_sodium acetate x IOO% 
oxygen content m blank -oxygen content m control sodmm acetate 

38 40 
47 47 
46 49 

100 100 
100 100 

38 38 
42 46 
49 67 

100 100 
100 54 

37 37 
40 45 
48 48 
58 59 
51 82 

44 47 
45 47 
53 53 
54 56 
65 69 

Table 4 Inhibition of bacterial degradation of sodium acetate by increasing concentrations of ampho-tensid 

percentage of inhibition 

Week of ampho-tensid ampho-tensid ampho-tensid 

measurement 6.9 mg COD/litre 6,9 mg COD/litre 12.3 mg COD/litre 

1 22 26 32 1 21 26 29 29 29 
2 25 26 32 0 24 44 6 9 15 
3 5 10 0 19 22 0 8 9 
4 0 56 88 0 0 6 0 35 51 

N.B. For calculation of percentage inhibition sec legend Table 3 

ampho-tensid 
12.3 mg COD/litre 

0 21 24 
0 0 22 
0 20 24 

29 30 34 

Table 5 Bacterial degradation of ampho-tensid with adapted sludge in the biodegradation test for microbicides 

Week of 
measurement %of degradation 

1 30 30 30 
2 48 51 58 
3 37 80 80 
4 79 82 83 

N.B. Inoculum: 1,5 mg dry matter sludge per litre 
Adapted sludge was obtained from a laboratory activated sludge system 

1 
i 
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Table 6 Influence of nitrogen source on biodegradability of three microbicides 

Week of Endogenous respiration sodium acetate quat 1 
measurement in mg oxygen per litre % degradation % degradation 

withN withoutN withN withoutN withN without N 
I 1,1 1,1 1,1 0,9 1,2 1,3 68 68 68 67 69 70 60 60 60 48 51 59 
2 1,1 1,2 1,3 1,0 1,4 1,4 77 77 77 61 80 81 66 73 77 69 70 72 
3 1,0 1,2 1,2 1,3 1,3 1,4 72 78 81 83 85 85 76 80 82 75 78 81 
4 1,4 1,5 1,5 1,5 1,7 1,7 79 89 94 80 80 82 78 19 79 72 74 84 

Week of chlorophenol ampho-tcnsid 
measurement ()/o degradation % degradation 

withN withoutN withN withoutN 
I 3 3 0 I 2 0 0 0 0 0 0 

2 89 90 95 2 3 3 0 0 0 0 0 3 
3 88 93 96 23 26 36 3 26 37 5 15 37 
4 64 93 94 68 74 90 31 31 55 5 17 83 

Conclusion 

A simple and reproducible screening test was obtained by modification of the closed-bottle-test for the determination of the 
biodegradability of water soluble microbicides. In many cases microbicides that arc difficult to degrade appear to be degradable if 
adapted sludge from a diminutive sewage purifying plant is used. 
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Appendix 1- Protocol for the degradation test for microbicides 

Application 
For water soluble microbicides with a final concentration of 7 mg COD per litre. 

Material 
Incubator of 20'C ± 2'C. Oxygen metre. 63 Narrow-necked brown stopper flasks of 250-300 ml of which 48 arc for the 
degradabiliity test and 15 for the inhibition test. 

Dilution liquid 
The nutritient solution consists of four components: 
1. Phosphate buffer pH = 7 

Dissolve in circa 500 ml water: 8,5 g KH2P04; 28,4 g K2HP04.3H20; 22,2 g Na2HP04.2H20 and 3,2 g KN03 (potassium nitrate). 
Fill up to !litre 

2. Solution of magnesium sulphate 
Dissolve in wtacr 22,5 g MgS04• 7H20 and fill up to one litre 

3. Solution of calcium chloride 
Dissolve in water 22, 5 g CaCI2 and fill up to !litre 

4. Solution of ferric chloride 
Dissolve in water0,25 g FeC13.6H20 and fill up to one litre 

Demineralized or distilled water of ca 20°C is aerated to oxygen saturation, i.e. 9,2 mg oxygen per litre. Add per litre water 1 ml of 
each of the above mentioned solutions. 

Nitrification inhibitor 
Add 0,5 mg allylthiourea to !litre dilution liquid. 

Inoculum 
Take active sludge from the aeration tank of a sewage purification plant of a city with chemical industries. Condition the sludge by 
aerating and stirring for at least 30 minutes. Sieve the sludge through an aseptic gauze with mesh width 1 x 1 mm. Determine the dry 
matter of the sludge as follows: filter 10 ml sludge through a glassfibre filter (Whatman GF/C) that has been prewashed, then 
pre-dried for 30 minutes at 105'C and finally dried again for 30 minutes at 105'C. Weigh the filter with and without dried sludge and 
calculate the dry weight. 
Homogenize circa 100 ml sludge with a magnetic stirrer for 30 minutes. Add to the dilution liquid a quantity of sludge corresponding 
to circa 1.5 mg dry matter per litre. In general this agrees with 1.75 mg oxygen consumption. Although no test condition, the 
measure of degradability is more reliable if the oxygen consumption of the sludge remains under 2 mg per litre. 

Procedure 
Set in a degradation/inhibition test, starting with 221itres air-saturated dilution liquid with allylthiourea. 
Divide the 221itres as follows: 
1. for non-inoculated blanks: fill twelve 300 ml bottles with 4litres of the liquid. 

Add the inoculum to the remaining 181itres to a concentration of 1.75 mg COD/litre and divide this volume in three portions of 4 
litres and one of 5 litres. 

2. for inoculated blanks: fill twelve 300 ml bottles with 41itres of the liquid 
3. for control on sludge activity: fill twelve 300 ml bottles with 41itres of the liquid to which 7 mg COD sodium acetate/litre has been 

added 
4. for the microbicide to be examined for degradability: fill twelve 300 ml bottles, to which 7 mg COD microbicide per litre has been 

added 
For the inhibition test, 7 mg COD sodium acetate was added to 51itres dilution liquid plus allylthiourea, which are divided in five 
portions of! litre. 
5. inhibition test: llitre containing 2,2 mg COD microbicide/litre is divided betwewen three bottles 
6. inhibition test: llitre containing 4,0 mg COD microbicide/litre is divided between three bottles 
7. inhibition test: 1litre containing 7,0 mg COD microbicide/litre is divided between three bottles 
8. inhibition test: !litre containing 12,7 mg COD microbicideflitre is divided between three bottles 
9. inhibition test: !litre containing 22,5 mg COD microbicideflitre is divided between three bottles 
Formulae stated in the paragraph "methods and materials" are used for the calculation of the degradability percentage and the 
inhibition percentage. 
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for this species. 

392 VANDERIET, S. J.; WOODBURN, M. J. Microbial and 
quality assessment of household food discards. Journal of Food 
Protection (1985) 48 (II) 924-931 [En, 25 ref., I fig., 5 tab.] 
Foods Nutrition Dep., Oregon State Univ., Corvallis, OR 
97331, USA. · 

Samples were analyzed for total aerobic and anaerobic 
plate counts, total coliforms, Staphylococcus aureus, total 
anaerobes, Clostridium perfringens and moulds. The length of 
household storage time, the householder's reason for discard, 
the householder's safety assessment of the food and laboratory 
panel evaluations of off-odour, off-colour and off-texture were 
compared with the laboratory microbial analyses. In 62% of the 

. microbiologically analyzed foods, the householder did not make 
correct safety assessments. In 9% of the microbiologically ana-
lyzed foods, an assessment of safe was made by the householder 
for foods which were determined to be at risk. Aerobic plate 
counts (APC) were made after incubation at 5, 20 and 35°C. 
Panel odour scores were more closely related to APC at soc 
than to those at 20 or 35'C. 

393 TODD, E. C. D. Foodhornc and waterborne disease in 
Canada- 1978 Annual Summary. Journal of Food Protection 
(1985) 48 (II) 990-996 [En, 14 ref., 6 tab.] Bureau Microbial 
Hazards, Health & Welfare Canada, Ottawa, Ont., KIA OL2, 
Canada. 

Data on food borne disease in Canada in 1978 are compared 
with data for 1977. A total of 836 incidents, comprising 642 
outbreaks and 194 single cases, causing illness in 5960 persons 
was reported for 1978. The number of incidents and cases 
increased by 7.5% and 23.9%, respectively, from 1977 to 1978. 
Like the previous year, Salmonella spp. were responsible for 
more incidents (67) and cases (2171) than any1 other agent. 
Other incidents were caused by Staphylococcus aureus (31 ), 
suspect mould and yeast (17), Bacillus cereus (9), Clostridium 
perfringens (7), C. botulinum (6) and Shigelli sonnei (I). The 
deaths of 5 persons were attributed to food borne disease. About 
32% of incidents and 39% of cases were associated with meat 
and poultry. Vegeiables, fruits, bakery products and marine 
products were also important vehicles in causing food borne dis
ease. Mishandling of food took place mainly in foodservice 
establishments (25.6% of incidents, 56.1% of cases) and homes 
(12.4% of incidents, 6.4% of cases). However, mishandling by 
manufacturers caused some problems including salmonellosis 
from iced cakes made with cracked eggs and staphylococcal 
intoxication form ham, sausage, chicken and canned salmon. 
Narrative reports of selected foodborne incidents arc presented. 

394 HAUSCHILD, A. H. W .; SIMONSEN, B. Safety of shelf
stable canned cured meats. Journal of Food Protection (1985) 
48 (II) 997-1009 [En, 55 ref., 9 tab.] Microbial. Res. Div., 
Health Prot. Branch, Tunney's Pasture, Ottawa, Ont., Canada 
KIA OL2. 

Problems of safety and stability of shelf-stable canned 
cured meats, particularly with regard to control of microbial 
spores, includmg Clostridium botulinum, are considered. 
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Analysis and Sampling 

See a/so absts. 407, 680 

395 HUMPHREY, T. J.; CRUICKSHANK, J. G. Food surveil
lance in England and Wales: a role for the PHLS. PHLS 
Microbiology Digest (1985) 2 (I) 16-19 [En, 9 ref.) Public 
Health Lab., Church Lane, Exeter EX2 SAD, UK. 

This article discusses food surveillance by the Public 
Health Laboratory Service (PHLS) which generally examines 
food samples at the hehest of environmental health staff. Since 
1973 the number of food samples analysed by the PHLS has 
decreased while the number of reported cases of food poisoning 
has recently been on the increase. One possible reason for this is 
the change in eating patterns with more consumption of fast 
foods, reheated foods and prepackaged foods. The majority of 
instances of food poisoning are due to failures in storage, cook
ing and handling of the food in the home, restaurant or institu
tion. Examination of some foods, prior to their sale to the 
consumer, would be ineffective in reducing food-borne diseases. 
It is suggested that a food surveillance programme should con
centrate on foods that have a high risk of becoming contami
nated with pathogens, e.g. cooked meat and poultry, shellfish 
and raw milk. The high proportion of heated milk products and 
icc cream samples tested could be reduced. Tests should include 
detection of pathogens, faecal contamination and total bacterial 
counts. 

FOODSTUFFS - GENERAL 

See also abst. 824 

Spoilage and Infestation 

See a/so absts. 39D-39/, 686, 833, 836-837 

Storage 

See also absts. 465, 495, 499, 501, 508, 512-513, 515, 5/9, 
529, 535, 548, 553, 557, 563, 585, 587-588, 600,. 624 

Techniques 

See also absts. 389, 491, 543, 545, 555-556. 561, 565, 572-
577. 590, 594, 598, 601, 618, 620 

396 IBRAHIM, G. F.; LYONS, M. J.; WALKER, R. A.; FLEET, G. 
H. Rapid detection of salmonellae by immunoassays with 
titanous hydroxide as the solid phase. Applied and Environmen
tal Microbiology (1985) 50 (3) 670-675 [En, 22 ref.] Hawkes
bury Agric. Res. Unit, New South Wales Dep. of Agric., 
Richmond, NSW, Australia. 

Radioimmunometric and enzyme-immunometric assays 
were developed for detection of salmonellae in pure and mixed 
cultures as well as in food samples [soft cheeses, dried milk, 
chicken livers, chicken carcasses and egg products]. The per
formance of titanous hydroxide suspension and microliter plates 
as the solid phase for the immobilization of microorganisms 
were compared in these immunoassays. Good correlation 
existed between results of a standard cultural method for the 
detection of salmonellae in foods and those obtained from 
radioimmunometric and enzyme-immunometric assays utiliz
ing titanous hydroxide. However. a high incidence of false
positive and false-negative results with food samples occurred 
with the enzymc-immunometric assay utilizing microtiter 
plates. The results provided strong evidence for the merits of 
substituting titanous hydroxide for microliter plates as the solid 
phase for the immobilization of salmonellae for their detection 
by immunoassays. The immunoassays were rapid and enabled 
the analysis of a large number of selective enrichment cultures 
of food samples for salmonellae within 8 h. 
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397 BARVE, S. S.; KULKARNI, P. R. Assessment of 
thermonuclease as indicator of Staphylococcus aureus in fer
mented foods. Indian Journal of Dairy Science (1984) 37 (I) 
58-60 [En, 18 ref.) Dep. of Chern. Tech., Univ. of Bombay, 
Bombay 400019, India. 

Thcrmonuclease was detected by toluidine blue and DNA 
agar diffusion techniques in curd prepared from pasteurized 
milk that had been artificially contaminated with Staphylococ
cus aureus I 00 and inoculated with Streptococcus /act is + Str. 
cremoris starter, and in buttermilk prepared by churning 50 g 
curd with 70-100 ml water, and in idli prepared from contami
nated batter. Thermonuclease was detected in curd and butter
milk containing 1.4 X 108 and 1.7 X 108 S. aureusfml, resp., but 
was not detected in pasteurized buttermilk {pH 4.6) inoculated 
with 8.8 X 105 S. aureusfml, either initially or after 24 h, by 
which time the S. aureus count had fallen to 2.6 X 104/ml. 

398 MEAD, G. C. Enumeration of pseudomonads using 
cephaloridine-fucidin-cetrimide agar (CFC). International 
Journal of Food Microbiology (1985) 2 (1/2) 21-26 [En, 21 
ref.) Food Res. lnst., Colney Lane, Norwich NR4 7UA, UK. 

The use of a selective medium which permits the enumera
tion of psychrotrophic pseudomonads responsible for the spoil
age of chilled, proteinaceous foods. enables counts to be 
obtained relatively rapidly from the processed product and thus 
facilitates the assessment of potential shelf life and the influence 
of processing procedures on product contamination. Most of the 
existing selective media effectively suppress Gram-positive bac
teria but vary in their ability to inhibit unwanted Gram-negative 
psychrotrophs. This problem has been largely overcome by the 
development of CFC medium which is based on heart infusion 
agar supplemented with filter-sterilized solutions of 
cephaloridme, fucidin and cetrimidc to give final concn. of 50, 
10 and 10 J,tgjml, resp. The medium permits quantitative recov
ery of both pzgmented and non-pigmented pseudomonads whilst 
inhibiting most other organisms. Although designed for use in 
relation to poultry meat, the medium has also been applied 
successfully to other food products. including pork, pork sau
sage, egg products and Cottage cheeses. 

399 MORICHI, T.; KIT ADA, T.; SUZUKI, 1.; KATO, S. Selec
tive media for rapid estimation of microflora in animal products. 
In Proceedings. the Fifth World Conference on Animal Produc
tion, August 14-19 /983. Vol. 2. Free communication papers. 
Tokyo, Japan; Japanese Society of Zootechnical Science (1983) 
637-638 [En, 7 ref.) Dep. of Anim. Products, National lnst. of 
Anim. Industry, Tsukuba Norindanchi PO Box 5, lbaraki 305, 
Japan. 

Different media for enumeration of microflora in animal 
products were examined using 53 strains of 40 spp. of bacteria 
isolated from milk and meat products. For Gram-positive bacte
ria, plate count agar containing 0.3% Jl·phenethyl alcohol was 
highly selective and could detect low numbers of these types of 
organisms in refrigerated milk in which Gram-negative bacteria 
predominate. Desoxycholate agar is recommended for deter
mining Gram-negative bacteria in raw milk and fresh meat; 
ammonium lactate agar containing 30 U penicillin/ml was sat
isfactory for enumerating pscudomonads. For selective enumer
ation of faecal coliforms (Escherichia coli), deoxycholate agar 
was used with overlaid pour plates and incubation at 45°C for 
24 h. A number of selective media, already developed for identi
fication of different types of Gram-positive bacteria (e.g. faecal 
streptococci, lactobacilli). were also found useful. For yeast and 
mould counts, potato dextrose agar acidified with tartaric acid, 
and yeast glucose agar containing chloramphenicol were satis· 
factory for the 65 representative strains tested. 

400 THIND, B. B.; WALLACE, D. J. Modified flotation tech
nique for quantitative determination of mite populations in feed
stuffs. Journal of the Association of Official Analytical 
Chemists (1984) 67 (5) 866-868 [En, 2 ref., 3 fig.) MAFF, 
Slough Laboratory, Berks, SLJ 7HJ, United Kingdom. 

Modifications are described to a previously published tech
nique for quantitative determination of mite populations in 
animal feedstuffs. In the modified method, the oil phase is ker
osene instead of a mixture of kerosene and tetra lin (1 + I). and 
aqueous industrial methylated spirit is substituted for aqueous 
ethanol in the aqueous phase. Emulsion formation at the inter
face is considerably reduced by incorporating a pre-extraction 
stage. Examination of mites on the filter paper is made easier 
and quicker by staining them with Phloxin B. Trials carried out 



with known numbers of mites in samples of dairy feed concen
trates indicate mean recoveries of 84-96% throughout the 
range tested. The results show that the accuracy of the tech
nique is not affected by the level of infestation. 

401 VASSILIADJS, P.; MAVROMMATI, C.; EFSTRATIOU, M.; 
CHRONAS, G. A note on the stability of Rap
paport-Vassiliadis enrichment medium. Journal of Applied 
Bacteriology (1985) 59 (2) 143-145 [En, 11 ref.] Hellemc Pas
teur lnst., Athens 11521, Greece. 

After pre-enrichment in buffered peptone water, 376 sam
ples from chicken carcasses, minced meat, pork sausages, faeces 
of healthy pigs and sewage-polluted seawater were enriched in 
Rappaport-Vassiliadis medium prepared either 4 d or 6-7 
months before use. It was observed that the two media were 
equally effective for detecting Salmonella spp., (82 positive 
samples with each medium) and inhibiting competing 
organisms. 

402 TING, W.-T.; BANWART, G. J. Enumeration of entero
cocci and aerobic mesophilic plate count in dried soup using three 
reconstitution methods. Journal of Food Protection (1985) 48 
(9) 770-771,777 [En, 5 ref., 2 fig.] Dep. Microbial., Ohio State 
Univ., Columbus, OH 43210, USA. 

A naturally contaminated dried soup sample was reconsti
tuted by 3 different methods (1:1 swirl, 1:9 soak and 1:9 rapid 
rehydration) and analyzed for enterococci on m-enterococcus 
agar and aerobic mesophilic plate count on plate count agar. 
The enterococcal counts obtamed by the 1:1 swirl and the 1:9 
soak methods were 41.6% and 26.5%, respectively, higher than 
that of the commonly used 1:9 rapid rehydration method. The 
aerobic mesophilic plate counts for the 3 systems were not sig
nificantly different. 

403 FARBER,J. M.; PETERKJN,P. !.;SHARPE,A. N.; D'AOUST, 
J.-Y. Enzyme immunoassay-membrane filter method for 
detection of salmonellae in foods. Journal of Food Protection 
(1985) 48 (9) 790-793 [En, 22 ref., 3 fig., 2 tab.] Bureau Micro
bial Hazards, Food Directorate, Health Protection Branch, 
Health & Welfare Canada, Ottawa, Ont., Canada KIA OL2. 

An ELISA technique using a horseradish peroxidase-pro
tein A-Spicer Edwards antiserum complex was developed for 
the detection of Salmonella colonies on membrane filters. In 
pure culture, 64 S. spp. tested gave a positive reaction (purple · 
stain). In 22 naturally contaminated food samples, there was an 
exact correlation between the AOAC hydrophobic grid-mem
brane filter procedure and the ELISA technique (40.9% posi
tives). This technique is simple, requires little equipment and 
can be completed in less than 2.5 h, thus allowing the detection 
of S. spp. in foods within 48 h from initiation of sampling. 

404 PETERZ, M.; WiBERG, C.; NoRBERG, P. Comparison of 
media for isolation of Bacillus cereus from foods. Journal of 
Food Protection (1985) 48 (II) 969-970 [En, 6 ref., 1 tab.] 
Bioi. Sect., Natn. Food Admin., Box 622, S-751 26 Uppsala, 
Sweden. 

Three media for isolation of B. cereus from foods were 
compared: mannitol-egg yolk-polymyxin (MYP) agar, 
polymyxin pyruvate-egg yolk-mannitol-bromothymol blue agar 
(PEMBA) and non-selective blood agar. Twenty-six of 45 sam
ples of different reconstituted and incubated dry food products 
and 18 of 29 samples of milk and cream (incubated overnight) 
contained B. cereus. None of the media performed significantly 
better than the others as regards quantitative recovery or 
selectivity. 

405 ANDREWS, W. H. Resuscitation of injured Salmonella 
spp. and coliforms from foods. Journal of Food Protection 
(1986) 49 (1) 62-75 [En, 113 ref., 10 tab.] Div. Microbial., 
FDA, Washington, DC 20204, USA. 

Various factors that affect the recovery of S. spp., which 
include: (a) sample rehydration; (b) period of preenrichment; 
(c) incubation in both aerobic and anaerobic environments; (d) 
media composition; and (e) the relative merits of preenrichment 
and direct selective enrichment are reviewed. Because resuscita
tion of injured S. cells does not occur during the selective enrich
ment step and beyond, the effect and interaction of these factors 
are considered primarily for the preenrichment step of the isola
tion procedure for S. Five methods recently developed for recov
ery of coliforms, including: (a) hydrophobic grid membrane 
filtration; (b) radiometry; (c) electrical impedance; (d) 
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H.uorogenic assay; and (e) the Petriflm system are also reviewed. 
Each of these methods may incorporate a step for resuscitation 
of injured organisms. 

Presenation 

See also absts. 494, 510, 534, 541, 551-552. 554, 580, 586, 
611 

406 BLOCHER, J. C.; BUSTA, F. F. Multiple modes of inhibi
tion of spore germination and outgrowth by reduced pH and 
sorbate. Journal of Applied Bacteriology (1985) 59 (5) 469-
478 [En, 57 ref., 2 fig., 7 tab.] Dep. Food Sci. Nutr., Univ. 
Minnesota, St Paul, MN 55108, USA. 

Germination and outgrowth of 3 strs. of Clostridium botu
linum in PYEG medium were measured by phase contrast 
microscopy. Reduction in pH from 7 to 5.5 completely inhibited 
germination of str. 12885A, reduced the extent of germination 
of str. 62A and had no effect on the extent of germination of str. 
53 B. At pH 5.5, 225 mgjlitre of undissociated sorbic acid had 
no effect on the germination of str. 53B, while at pH 6.5, 225 
mgjlitre of undissociated sorbic acid completely inhibited 
germination of strs. 62A and 12885A. 

Bacterial toxins 

See also absts. 534, 541, 554. 559 

407 SHONE, C.; WILTON-SMITH, P.; APPLETON, N.; HAMBLE· 
TON, P.; MODI, N.; GATLEY, S.; MELLING, J. Monoclonal 
antibody-based immunoassay for type A Clostridium botulinum 
toxin is comparable to the mouse bioassay. Applied and Envi
ronmental Microbiology (1985) 50 (1) 63-67 [En, 15 ref.] Vac
cine Res. Prod. Lab., Centre Applied Microbial. Res., Parton 
Down, Salisbury, Wilts SP4 OJG, UK. 

An enzyme linked immunosorbent assay using a 
monoclonal antibody (BA 11 ), prepared against C. botulinum 
type A neurotoxin by fusion of myeloma cells (P3 NS1/l-Ag4-
l) with spleen cells from BALBjc mice immunized with the 
neurotoxin, detected 5 to I 0 mouse 50% lethal doses 
(MLD50)/ml of purified toxin. The antibody was specific for 
neurotoxin A, did not bind to sodium dodecyl sulphate dena
tured toxin and bound only weakly to the separate heavy and 
light subunits of the neurotoxin, suggesting a conformational 
requirement for the antigenic determinant. The assay was 
equally sensitive for crude toxin in food. The minimum detecta
ble level was 9 ± 3.1 MLD50Jml in tinned salmon and corned 
beef. 

408 SERAFIM, M. B.; COLLI, I. A. G.; CASTRO, A. F. P. DE 
[Evaluation of the modified ELEK test in the preparation of 
specimens for the detection of thermostable enterotoxins (STa) 
from Escherichia coli.] Avaliacrao do teste de ELEK modifi
cado, no prepare de especimes, para detecctao de enterotoxina 
termoest3.vel (STa) de Escherichia coli. Revista de Microbio
logica (1985) 16 (3) 224-225 [Pt, en, 1 tab.] Dep. Microbial. 
Imunol. Unicamp, Cidade Univ. Bariio Geraldo, 13100 Campi
nas SP, Brazil. 

The preparation of specimens for the detection of thermo
stable (STa) enterotoxin of E. coli by 73 Sta+ strs., using pieces 
of agar punched off from the proximity of their growth on Biken 
medium followed by elution of STa in phosphate buffered 
saline, revealed that the STa produced is either insufficient or is 
not eluted in appropriate quantities to be detected by the infant 
mouse test. The use of other culture media (such as MacCon
key, solid-CAYE and nutrient agar) did not improve the effi
ciency of above method. 

Fungal toxins (mycotoxins) 

See also absts. 447, 449-452, 457-461, 463-464, 472, 477, 
479-480, 482-488, 493, 571, 612-617. 626-627. 703, 
829, 83/, 843-844 
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409 SPILMANN, J. R., JR. Modification of the rapid screen
ing method for aflatoxin in corn for quantitative use. Journal of 
the Association of Official Analytical Chemists (1985) 68 (3) 
453-456 [En, 4 ref.] Food and Drug Administration, New Orle
ans District Lab., 4298 Elysian Fields Ave., New Orleans, LA 
70122, USA. 

A study was made to determine if the official AOAC 
method for screening of aflatoxin in maize could be modified for 
use as a quantitative method. Several different maize products 
were analyzed using the modified method, with an average sav
ing of over I hjsample vs. the CB method. Average recoveries of 
aflatoxin Bbwere 94% for the low level spiked samples and 108% 
for the hig level. Samples of maize and maize products con
taining naturally incurred aflatoxin were also analyzed with the 
modified method, and the results compared favourably with 
those obtained by the CB method. 

410 KAMIMURA, H.; NISHIJIMA, M.; YASUDA, K.; USHIYAMA, 
H.; TABATA, S.; MATSUMOTO, S.; NISHIMA, T. Simple, rapid 
cleanup method for analysis of aHatoxins and comparison with 
various methods. Journal of the Association of Official Analyti
cal Chemists (1985) 68 (3) 458-461 [En, 9 ref.] Tokyo Metro
politan Research Lab. Public Health, Division of Food Hygiene, 
24-1, Hyakunin-cho, 3-chome, Shinjuku-ku, Tokyo, Japan 160. 

A method is described for simple and rapid determination 
of aftatoxins in maize, buckwheat, groundnuts and cheese. 
Aflatoxins were extracted with chloroform·water and were puri
fied by a Florisil column chromatographic procedure. Column 
eluates were concentrated and spotted on a high performance 
thin layer chromatographic plate which was then developed in 
chloroform-acetone (9+ I) and/or ether-methanol-water 
(94+4.5+ 1.5) or chloroform-isopropanol-acetone (85+5+ 10). 
Each aflatoxin was quantitatively determined by densitometry. 
Recoveries were much lower for the AOAC BF method com
pared with this simple method and the AOAC CB method._ 

411 YOUSEF, A. E.; MARTH, E. H. Rapid reverse phase 
liquid chromatographic determination of aflatoxin M1 in milk. 
Journal of the Association of Official Analytical Chemists 
(1985) 68 (3) 462-465 [En, 14 ref.] Univ. Wisconsin-Madison, 
Dep. Food Science, Madison, WI 53706, USA. 

The method includes an improved AOAC extraction proce
dure, cleanup of the extract on a silica cartridge, and LC quanti
tation. Alternatively, a rapid column cleanup procedure can be 
used. Milk artificially spiked with aflatoxin M1 at 0.05, 0.1 and 
0.5 p.p.b. was analysed using both new approaches as well as an 
AOAC method coupled with LC for quantitation of the toxin. 
The AOAC method gave lower recovery (85.6-90.7%) of 
aflatoxin M1 compared with 93.4-99.1% for the new method and 
92.4-95.8% for the alternative procedure. Results from the 
AOAC method had a somewhat smaller standard deviation for 
replicate analyses than did results of the new method. 

412 GoTO, T.; HSIEH, D.P. H. Fractionation of radioactiv
ity in the milk of goats administered 14-aftatoxin B1• Journal of 
the Association of Official Analytical Chemists (1985) 68 (3) 
456-458 [En, 9 ref., 2 fig., 3 tab.] California Univ., Davis, CA 
95616, USA. 

The milk collected in the first 24h following low dosing of 
14C-aftatoxin B1 contained radioactivity equivalent to 0.45-l.l% 
of the dose given. The radioactivity in each sample was parti· 
tioned into 4 fractions: ether, protein, dichlormethane and 
water-alcohol. Over 80% of the radioactivity was detected in the 
dichlormethane fraction, of which over 95% was attributable to 
aflatoxin M1• No aflatoxin 8 1 or other known aflatoxin metabo
lites were detected in any fraction. The results indicate that the 
major metabolite of aflatoxin 8 1 in goat milk is aflatoxin M1 and 
that other metabolites, including conjugates, are of minor 
significance. 

413 TSENG, T. C.; LAY, L. L. Mycotoxins produced by 
Fusarium spp. of Taiwan. Botanical Bulletin of Academia 
Sinlca (1986) 27 (I) 35-43 [En, ch, 20 ref., I fig., 6 tab.] Inst. 
Bot., Academia Sinica, Nankang, Taipei, Taiwan 11529. 

The 174 F. isolates from rice, maize, sorghum, sugarcane 
and field soils comprised F. moni/Jforme [ Gibberella fujikurOJ1 
(31%), F. oxysporum (29.3%), F. roseum 'Graminearum' [G. 
zeae] (26.4%) and F. so/ani (13.2%). Of the 61 examined for 
mycotoxins by TLC, GLC and HPLC, c. 21% produced zearale
none, especially F. oxysporum and G. zeae; 3% produced deox
ynivalenol (all G. zeae). Only I G. zeae isolate (PKH 5-l) 
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produced T-2 toxin at 2.8 mg/kg. Two G. fujikuroi isolates 
produced moniliformin. Zearalenone-producing isolates were 
widespread among the crop plants and field soil but only synthe
sized small amounts of this mycotoxin. 

414 GREENHALGH, R.; GILBERT, J.; KING, R. R.; BLACKWELL, 
B. A.; STARTIN, J. R.; SHEPHERD, M. J. Synthesis, characteri
zation, and occurrence in bread and cereal products of an isomer 
of 4-deoxyni¥alenol (vomitoxin). Journal of Agricultural and 
Food Chemistry (1984) 32 (6) 1416-1420 [En, 13 ref., 6 fig.] 
Chern. Bioi. Res. Ins!., Agric. Canada, Ottawa, Ont. KIA OC6, 
Canada. 

Acetylation of 4-deoxynivalenol (DON) with acetic anhy
dride/pyridine gave mixtures of di- and triacetyl derivatives, 
which on further reftuxing with acetic anhydride were trans
formed into an isomer. On hydrolysis, it gave a compound iso
meric with DON. Samples of white and wholemeal bread baked 
from fortified and naturally DON contaminated wheat when 
analyzed by gas chromatography /single ion monitoring showed 
that iso-DON was formed to the extent of 3-13% of the DON 
present; levels were higher in the crust than in the crumbs. No 
tso-DON was found in products made from uncontaminated 
wheat. !so-DON was detected in processed wheat-based break
fast cereals made from grain, naturally contaminated with 
DON at levels ranging from 0.35 to 0.75 mgfkg DON. 

415 CLEVSTROM, G.; LJUNGGREN, H. Aflatoxin formation 
and the dual phenomenon in Aspergillus jlavus Link. 
Mycopatho/ogia (1985) 92 (3) 129-139 [En, 48 ref., 3 fig., 4 
tab.] Dep. Microbial., Swedish Univ. Agric. Sci., S-75007 Upp
sala, Sweden. 

Trials were performed with 3 aflatoxin-forming isolates of 
A. jlavus from formic acid-treated materials containing 
aflatoxin, I A. j/avus isolate from mouldy barley kept for 2 
months in an anaerobic jar and 1 nonatoxic A.jlavus str. from 
the culture collection at the Department. The non-toxic str. and 
one aflatoxin producer were cultured in salts-sugar-asparagine 
substrate (SLM) for aflatoxin production and in a specially 
prepared grass substrate (GS). Formic acid and ammonium 
formate were added to both substrates, and sucrose in a low 
amount was added to the grass substrate. The aflatoxin-forming 
isolate segregated on the grass substrate into 2 different lines, 
one with high aftatoxin production and one with very low 
aflatoxin-forming ability, higher growth rate and reduced spor
ulation, on the SLM substrate. When exposed to sucrose in 
grass substrate and ammonium formate in SLM, I toxic and I 
non-toxic str. were provoked to increased aflatoxin formation. 
The A. flavus isolate from the anaerobic jar also segregated on 
the grass substrate, and these segregants were more sensitive to 
a high dose of formic acid. It is concluded that in these A.j/avus 
strs. there seems to be a continuous variation between different 
lines, depending on cultivation conditions. In the remaining 2 
aflatoxin-forming isolates such segregation tendencies were not 
very marked on any substrate. 

416 KURATA, H.; HITOKOTO, H. Characteristic patterns of 
mycological contamination in foodstuffs and their application for 
assessment of food 'uality. In Filamentous microorganisms. 
Biomedical aspects edited by Arai. T. eta/.]. Tokyo, Japan; 
Japan Scientific Societies Press (1985) 165-173 [En, 3 ref., 5 
fig., I tab.] Dep. Microbial., Natn. Ins!. Hygienic Sci., Tokyo 
158, Japan. 

Data on the fungal flora of 6467 samples of food, classified 
into 26 types of food, are presented. From the data, indicator 
sets of fungi are proposed for the assessment of fungal deteriora
tion and mycotoxigenic risk. 

417 LIU, M.-T.; RAM, B. P.; HART, L. P.; PESTKA, J. J. 
Indirect enzyme-linked immunosorbent assay for the mycotoxin 
zearalenone. Applied and Environmental Microbiology (1985) 
SO (2) 332-336 [En, 27 ref., 3 fig., I tab.] Dep. Food Sci. and 
Human Nutr., Michigan State Univ., East Lansing, MI 48824-
1224, USA. 

Zearalenone was converted to zearalenone-6'-carbox
ymethyloxime and conjugated to bovine serum albumin and 
poly-L-lysine for use as immUnogen and solid·phase marker, 
respectively. Immunization of rabbits with the bovine serum 
albumin conjugate resulted in zearalenone antibody titres of 20 
480 in II weeks. A competitive indirect ELISA was conducted 
by simultaneously incubating zearalenone with zearalenone 
antiserum over zearalenone-6'-carboxymethyloxime poly-L-



lysine solid phase and then determining the bound rabbit immu
noglobulin with goat anti-rabbit peroxidase conjugate. 
Response range for zearalenone in the resulting competition 
curve was between I and 50 ngfml. Reactivities of this antise
rum for a-zearalenol, P-zearalenol, a-zearalanol and P-zearala
nol were, respectively, 50, 12, 6 and 3% of that found for 
zearalenone. By using the competitive indirect ELISA, zearale
none was detectable in methanol-water extracts of maize, wheat 
and pig feed samples. 

418 HITOKOTO, H.; MOROZUMI, S.; WAUKE, T.; KURATA, H. 
Distribution of mycotoxin-producing fungi in marketing foods in 

· Japan. In Toxigenic fungi - their toxins and health hazard 
/edited by Kurata, H.; Ueno, Y.j. Tokyo, Japan; Kodansha 
Ltd.; Amsterdam, Netherlands; Elsevier (1984) 15-23 [En, 2 
ref., 5 fig., I tab.] Tokyo Metropolitan Res. Lab. Public Health, · 
Tokyo 160, Japan. 

The mycological examination of 6467 food samples over 6 
yr has led to the creation of 3 sets of mycological indicators for 
the evaluation of fungal deterioration and mycotoxin contami
nation in marketed foods. 

419 WICKLOW, D. T. Ecological approaches to the study of 
mycotoxigenic fungi. In Toxigenic fungi - their toxins and 
health hazard [edited by Kurata, H.; Ueno, Y.j. Tokyo, Japan; 
Kodansha Ltd.; Amsterdam, Netherlands; Elsevier (1984) 33-
43 [En, 13 ref.] 

The author reviews his studies, including some not yet 
published, on (I) the role of the sclerotium as primary inoculum 
1n the life cycle (colonization of pre-harvest cereals) of Asper
gillus jlavus and Eupenicillium ochrosalmoneum; (2) an 
attempt to identify biological and nonbiological environmental 
factors determining whether a fun~us (A. fiavus) invades the 
developing seed and contaminates 1ts tissues with mycotoxins; 
(3) the geographical variation and intrafungal distribution of 
mycotoxins from the evolutionary ecologists' perspective of 
selective forces shaping fungal chemical defence systems; and 
(4) below ground storage of seed by desert rodent granivores 
compared with man managed seed stores. 

420 LEISTNER, L. Toxinogenic peniciUia occurring in feeds 
and foods- In Toxigenic fungi- their toxins and health hazard 
{edited by Kurata, H.; Ueno, Y.j. Tokyo, Japan; Kodansha 
Ltd.; Amsterdam, Netherlands; Elsevier (1984) 162-171 [En, 
30 ref., 6 tab.] Federal Cent. Meat Res., 8650 Kulmbach, Ger
man Federal Republic. 

Data from a study of 1481 Penicillium isolates from foods 
and feeds are summanzed. The isolates represented 42 spp. and 
1166 isolates were shown to be toxinogenic in brine shrimp and 
chemical assays. Investigations by the author and co-workers on 
an outbreak of suspected Penicillium toxicosis in sows, the pres
ence of ochratoxin A in blood and kidneys from healthy pigs 
slaughtered in W. Germany, the production of mycotoxins in 
salami and raw ham and by isolates of P. roque}Ortii and P. 
camembertii used for cheese manufacture are also summarized. 

421 NISHIJIMA, M. Survey for mycotoxins in commercial 
foods. In Toxigenic fungi- their toxins and health hazard 
[edited by Kurata, H.; Ueno, Y.{,. Tokyo, Japan; Kodansha 
Ltd.; Amsterdam, Netherlands; E sevier (1984) 172-181 [En, 2 
fig., 13 tab.] Metropolitan Res. Lab. Public Health, Tokyo 160, 
Japan. 

During Nov. 1977-June 1982 approx. 1500 food samples 
were examined for mycotoxins. Afiatoxins were detected in 11 
of 610 samples of beans, afiatoxins and citrinin were found in 
several samples of maize (imported from Thailand or Burma), 
aftatoxins and afiatoxicol were found in 6 of 54 samples of 
pistachios, ochratoxin A was found in several samples of rye 
flour (all of one brand) and aflatoxin MJ was found in 17 of 79 
natural cheese samples (of 281 datry product samples) 
examined. 

422 POHLAND, A.; THORPE, C.; SPHON, J. The analytical 
chemistry of deoxynivalenol. In Toxigenic fungi- their toxins 
and health hazard {edited by Kurata, H.; Ueno, Y.j. Tokyo, 
Japan; Kodansha Ltd.; Amsterdam, Netherlands; Elsevier 
(1984) 217-230 [En, 29 ref., 3 fig., 9 tab.] Bureau of Foods, 
FDA, Washington, DC 20204, USA. 
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Methods for the detection and estimation of deoxynivalenol 
are outlined. The increasing need for inexpensive screening pro
cedures is noted. Approaches which show promise are the use of 
tandem mass spectrometry and an enzyme immunoassay. 

423 CHU, F. S. Immunocbemical studies on mycotoxins- In 
Toxigenic fungi - their toxins and health hazard [edited by 
Kurata, H.; Ueno, Y.j. Tokyo, Japan; Kodansha Ltd.; Amster
dam, Netherlands; Elsevier (1984) 234-244 [En, 57 ref., 3 tab.] 
Dep. Food Microbial. Toxicol., Univ. Wisconsin-Madison, 
Madison, WI 53706, USA. 

The development of radioimmunoassay and enzyme-linked 
immunosorbent assay techniques for the estimation of aflatox
ins, kojic acid, ochratoxin A, rubratoxin B. sterigmatocystin, T-
2 toxin and zearalcnonc in grains and biological fluids is 
reviewed. 

424 WHEATLEY, C.; COCK, J. Methods of aflatoxin analysis 
- with particular reference to cassaYa samples. [Correspon
dence]. International Journal of Epidemiology (1985) 14 (I) 
185 [En, 8 ref. See RMVM IB, 2149] Centro lnternacional de 
Agricultura Tropical, Apartado ACreo 6713, Cali, Colombia. 

With reference to a paper by J. Bulatao-Jayme et a/. 
(International Journal of Epidemiology 11:112-119, 1982] it is 
suggested that the reported I 00% occurrence of aflatoxin in 
cassava samples could have been due to scopoletin interference. 
J. Bulatao-Jayme (pp. 185-186) replies and presents further 
data showing that food commodities in Metro Manila have a 
higher aflatoxin concn than freshly harvested ones in the 
suburbs. 

425 0DRIOZOLA, E.; BALLABENE, N. C.; L6PEZ, T. A. 
[Regional evaluation of the presence of the mycotoxin zearale
none in different animal foodstuffs.] Evaluaci6n regional de Ia 
presencia de Ia micotoxina zearalenona en distintos alimcntos 
de consumo animal. Veterinaria Argentina (1985) 2 (15) 431-
435 [Es, en, II ref., 2 fig., 2 tab.] Fac. Agric. Sci., Univ. Mar del 
Plata, Argentina. 

Samples (of ear maize from open silos, silagcd maize and 
pelleted meals) from 179 farms were examined. Zearalenone 
was found in 21% of samples at 100-1600 p.p.b. Max. incidence 
was on stacked maize. 

426 THIEL, P. G.; STOCKENSTROM, S.; GATHERCOLE, P. S. 
Aflatoxin analysis by reverse phase HPLC using post~column 
derivatization for enhancement of fluorescence. Journal of Liq
uid Chromatography (1986) 9 (I) 103-112 [En, 10 ref., 6 fig., 2 
tab.] Natn. Res. Jnst:Nutr. Dis., S. African Med. Res. Council, 
Tygerberg 7505, South Africa. 

The procedure described proved to be extremely sensitive 
and reproducible. Chromatograms of extracts from maize, 
groundnut butter, sorghum malt and duckling mash are 
presented illustrating the value of the procedure for confirming 
the presence of aflatoxins B1 and G 1• 

427 GIMENO, A.; MARTINS, H. M.; OUAKININ, J. S. 
[Research on mycotoxins in baby foods.] Pesquisa de micotox
inas em produtos para alimenta~1io infantil. Reposit6rio de 
Trabalhos do Laboral6rio Nacional de Investigar;ao Veter
imiria (1984) 16, 89-95 [PI, en, fr, 14 ref., I tab.] Natn. Lab. 
Vet. Res., Lisbon, Portugal. 

Mycotoxins were not detected in any of the 172 samples of 
baby food examined by thin layer chromatography. 

428 MANCA~, D. G.; NECULCE, A. {Studies on the quantita
th:e determination of mycotoxins: analysis of T 1 toxin from 
maize.] Cerceta.ri privind determinarea cantitativa. a unor 
micotoxine: analiza T 2 din porum b. Revista de lgiend Bacterio
logie Virusologie Parazilo/ogie Epidemiologie Pneumoftizio
logie,Igiena (1984) 33 (2) 131-135 [Ro, en, ru, 13 ref., 2 fig.] 
Institutul de Igiena. ~i Sanatale Publica, Ia~i. Romania. 

A technique involving gas chromatography is described. 
The technique has a detection limit of 0.03 mgfkg for T-2toxin 
in maize. 

429 KIENTZ, C. E.; VERWEIJ, A. Trimethylsilylation and 
trifluoroacetylation of a number of trichotbecenes followed by 
gas chromatographic analysis on fused-silica capillary columns. 
Journal of Chromatography (1986) 355, 229-240 [En, 13 ref., 
6 fig., 4 tab.] Prins Maurits Lab. TNO, P.O. Box 45, 2280 AA 
Rijswijk, Netherlands. 
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The use of a number of trimethylsilylating and 
trifluoracetylating agents in gas chromatographic analysis of 
mixtures of type A (T-2 toxin, HT-2 toxin, T-2 tetraol, neoso
laniol and diacetoxyscirpcnol) and type B (nivalcnol, deox
ynivalenol and fusarenon X) trichothecenes were compared. 
The application of triftuoroacetic anhydride, in comb. with 
sodium bicarbonate, was found to be the best choice. 

430 KRISHNAMURTHY, T.; SARVER, E. W. Mass spectral 
investigations on trichothecene mycotoxins. III. Synthesis, char
acterization and applications of pentafluoropropionyl and 
trifluoroacetyl esters of simple trichothecenes. Journal of Chro
matography (1986) 355, 253-264 [En, 15 ref., 2 fig., 6 tab.] 
Chern. Res. Development Cent., Res. Directorate, Aberdeen 
Proving Ground, MD 21010-5423, USA. 

Optimum conditions for the gas chromatographic (GC) 
separation of these derivatives and their analysis by negative ion 
chemical ionization (NICI) mass spectrometry were deter
mined. Characteristic ions for the specific detection and accu
rate quantification of these derivatives were chosen. Results 
indicated that pentaftuoropropionyl (PFP) derivatives are better 
suited for the analysis of simple trichothecenes using the GC
NICI-MS technique. Ultra trace (0.5-2 pg) amounts of these 
PFP derivatives were detected by the developed procedure. 

431 LEPOM, P. Simultaneous determination of the mycotox
ins citrinin and ochratoxin A in wheat and barley by high-per
formance liquid chromatography. Journal of Chromatography 
(1986) 355, 335-339 [En, 26 ref., I fig., 2 tab.] Institut flir 
Futterproduktion Paulinenaue, 1551 Paulinenaue, German 
Democratic Republic. 

A method which allows the sensitive analysis of the 2 
mycotoxins in grain extracts following a simple acid-base l?arti
tion clean-up is described. The detection limits were 10 ngjg for 
citrinin and 40 ng/g for ochratoxin A. The analysis time was 
less than I 0 min. 

432 COHEN, H.; LAPOINTE, M. Vomitoxin: comparison of 
analysis in cereal grains by two different Canadian methods. 
Microbiologie-Aiiments-Nutrition (1984) 2, 325-330 [En, 
2 ref., 4 fig., 2 tab.] Agric. Canada, Food Production and 
Inspection Branch, Ottawa, Ont. KIA OC6, Canada. 

Capillary gas chromatography, following the purification 
of extracts using Sephadex LH20, was more accurate and sensi
tive than packed column gas chromatography for the analysis of 
vomitoxin [deoxynivalenol]. 

433 ROSEN, J.D.; ROSEN, R. T.; HARTMAN, T. G. Capillary 
gas chromatography-mass spectrometry of several macrocyclic 
trichothecenes. Journal of Chromatography (1986) 355,241-
251 [En, 7 ref., 19 fig.] Dep. Food Sci., Cook Coli., New Jersey 
Agric. Exp. Sta., Rutgers Univ., New Brunswick, NJ 08903, 
USA. 

Trichothecenes, including verrucarin J and trimethylsilyl 
derivatives ofverrucarin A, roridins A and E, satratoxins G and 
H and baccharin Bs (a plant metabolite), were separated and 
identified by gas chromatography-mass spectrometry using a 
short capillary column with on-column inJection. 

434 GILBERT, J. An overview and assessment of Ministry of 
Agriculture, Fisheries and Food funded research and surveillance 
on trichothecene mycotoxins in the UK. In Proceedings of the 
5th Meeting on Mycotoxins in Animal and Human Health, 
Edinburgh, 1984 [edited by Moss, M.O.; Frank, M.j. 
Guildford, United Kingdom; University of Surrey (1985) 3-10 
[En, 7 ref., 2 tab.] MAFF, Food Sci. Lab., Norwich, NR2 4SX, 
United Kingdom. 

Results of surveillance for deoxynivalenol contamination of 
home-grown and imported cereals during 1981-83 carried out in 
MAFF's own labs. and the philosophy behind the series of 
research projects which were initiated and contracted by MAFF 
with other research organisations are summarized. 

435 BUCKLE, A. E.; COULTER, J.; SCUDAMORE, K. Evalua
tion of an ELISA method for ochratoxin A analysis of cereals 
and compound feedstuffs. In Proceedings of the 5th Meeting on 
Mycotoxins in Animal and Human Health, Edinburgh, /984 
{edited by Moss, M.O.; Frank, M.j. Guildford, United King
dom; University of Surrey (1985) 37-45 [En, 3 ref., 2 fig., 5 
tab.] Microbial. Dep., ADAS, Shardlow Hall, Shardlow, 
Derby, United Kingdom. 
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The coefficient of variation of the ELISA method was 
determined on 6 replicate extracts of a barley sample and a 
compound feed naturally contaminated with ochratoxin A and 
was found to be approx. 14% in both cases. The technique was 
compared with a qualitative TLC method and with a quantita
tive HPLC technique. 

436 KROGH, P.; HALO, B. Fungal formation and natural 
occurrence of the quinones xanthomegnin and viomellein. In 
Proceedings of the 5th Meeting on Mycotoxins in Animal and 
Human Health, Edinburgh, 1984 [edited by Moss, M.O.; 
Frank, M.j. Guildford, United Kingdom; University of Surrey 
(1985) 50-52 [En, 5 ref., I fig., I tab.] Dep. Microbial., Royal 
Dent. Coli., Copenhagen, Denmark. 

The time-sequence of formation of xanthomegnin and 
viomellein in Penicillium viridicatum and P. eye/opium isolates 
from a barley sample collected from a case of mycotoxic porcine 
nephropathy [RMVM 19. 996] was investigated. 

437 JACKMAN, R. Determination of afl.atoxins by ELISA 
with special reference to AFM1 in milk. In Proceedings of the 
5th Meeting on Mycotoxins in Animal and Human Health, 
Edinburgh, 1984 {edited by Moss, M.O.; Frank. M.j. 
Guildford, United Kingdom; University of Surrey (1985) 73-79 
[En, 5 fig.] Biochem. Dep., Cent. Vet. Lab., New Haw, 
Wcybridgc, Surrey, KTI5 3NB, United Kingdom. 

An ELISA based technique for the rapid screening of 
animal feeds and edible animal tissue for contamination by 
aftatoxins is described. Detection limits for aflatoxin M 1 in milk 
were 0.1-20 ng/ml. 

438 KIRILENKO, 0. A.; EGOROVA, Z. E. [Effect of relative 
humidity of the air and accompanying microflora on aflatoxin 
formation in food concentrates.] Mikrobiologicheskii Zhurnal 
(1985) 47 (I) 52-56 [Ru, en, 9 ref., 3 graphs, I tab.] Tech. Inst. 
Food Indus!., Odessa, USSR. 

Biosynthesis of aHa toxins in the concentrates by Aspergil
lusjlavus was max. at RH 85-95% and l6°-20°C. The accom
panying microflora (staphylococci, Bacillus cereus, Escherichia 
coli and Penicillium eye/opium) inhibited aHa toxin formation 
to some extent. It is concluded that Soviet standards for conserv
ing the concentrates makes them harmless for the consumer. 

439 LINDSAY, D. G. Future requirements in mycotoxin 
research. In Proceedings of the 5th Meeting on Mycotoxins in 
Animal and Human Health, Edinburgh, 1984 [edited by Moss, 
M.O.; Frank. M.[. Guildford, United Kingdom; University of 
Surrey (1985) 171-187 [En, 13 ref., I fig., 3 tab.] Food Sci. Div., 
MAFF, London SWIP 2AD, UK. 

440 NILES, E.; HETMANSKI, M. T.; SCUDAMORE, K. A.; NOR· 
MAN, J. A. Potential for toxin production of Fusarium species 
isolated from home grown wheat. In Proceedings of the 5th 
Meeting on Mycotoxins in Animal and Human Health, Edin
burgh, 1984 [edited by Moss. M.O.; Frank. M.j. Guildford, 
United Kingdom; University of Surrey (1985) 134-144 [En, 3 
ref., 5 tab.] MAFF, ADAS Sub Cent., Ashford, Kent, UK. 

Fusarium isolates obtained during a 1982 survey of wheat 
in UK were investigated for mycotoxin production (deox
ynivalcnol (DON), diacctoxyscirpcnol (DAS), T-2 toxin (T-2), 
neosolaniol (NEO) and zearalenone (ZEA)) by thin layer chro
matography and gas chromatography or high performance liq
uid chromatography. Toxins produced included: DON by 8 F. 
culmorum isolates and 2 F. graminearum [Gibberella zeae}; 
ZEA, 25 F. culmorum, 3 G. zeae; DAS, I G. zeae, 17 F. poae, 2 
F. tricinctum; T-2, 8 F. poae; NEO, 4 F. poae. 

441 HOWELL, M. Distribution ofmycotoxins in animal feed 
raw materials. In Proceedings of the 5th Meeting on Mycotox
ins in Animal and Human Health, Edinburgh, 1984 [edited by 
Moss, M.O.; Frank, M.J. Guildford, United Kingdom; Univer
sity of Surrey ( 1985) 127-133 [En, 7 ref., 4 fig., I tab.] RHM 
Res. Ltd., High Wycombe, Bucks, UK. 

A 12.5 kg sample of whole grain maize and an II kg sample 
of soya bean meal, both shown to be contaminated with approx. 
50 f.Lg{kg zearalenone, were used to demonstrate the distribu
tion o the mycotoxin in a sample. Each sample was divided into 
100 sub·samples and the level of zearalenone in each was mea
sured. The distribution of zearalenone in 40 X II 0 g samples of 
soya bean meal was shown to be normal at a mean value of 50 
l'g/kg with a variance of 77. The distribution of zearalenone in 



I 100 X 125 ~ samples of maize was best described by a log, 
normal distnbution when the mean value was 52 pgjkg with a 
variance of 14126. It is concluded that for soyabeans the pro
posed sampling technique of 3 X 4 kg aggregate samples each 
composed of 20 X 200 g incremental samples is adequate, but 
that for maize the aggregate samples should be bulked together 
to give a 12 kg sample composed of 60 X 200 g incremental 
samples. For maximum accuracy more than one 12 kg aggre
gate sample should be used. 

442 SAUNDERS, M. F. A metabolic inhibition test for 
mycotoxins. In Proceedings of the 5th Meeting on Mycotoxins 
in Animal and Human Health, Edinburgh. 1984 [edited by 
Moss, M.O.; Frank, M.[. Guildford, United Kingdom; Univer
sity of Surrey (1985) 106-116 [En, 9 ref., 4 pl., 4 tab.] ADAS 
Microbiol. Lab., Government Buildings, Cambridge, UK. 

A bioassay based on the cytotoxic effects of mycotoxins on 
mammalian cultured cells is described. A range of mycotoxins 
was tested and the bioassay was found to be sensitive for 
trichothecenes, up to a max. sensitivity of 0.003 JLg/ml for 
roridin A. 

443 WooD, G. M. Assessment of toxigenic moulds in foods 
by means of a biological screening method. In Proceedings of 
the 5th Meeting on Mycotoxins in Animal and Human Health, 
Edinburgh, 1984 [edited by Moss, M.O.; Frank, M.[. 
Guildford, United Kingdom; University of Surrey (1985) 95-
105 [En, 5 ref., 4 pl., 4 lab.] Lealherhead Food Res. Associa
tion, Leatherhead, Surrey, UK. 

Fungi isolated from mould-spoiled foods, including Asper
gillus, Penicillium, Cladosporium, Rhizopus, Mucor, 
Alternaria and Wal/emia spp., were screened for toxinogcnic 
activity by bioassays involving cell lines, brine shrimp, bacteria 
and pea seeds. Approx. 50% of the isolates were toxic by 3 or 
more bioassay techniques. 

444 KANG, A. S.; MORGAN, M. R. A.; CHAN, H. W.·S. 
Production of rabbit anti-sterigmatocystin antiserum and its 
characterisation and use in immunoassay. In Proceedings oft he 
5th Meeting on Mycotoxins in Animal and Human Health, 
Edinburgh, /984 [edited by Moss, M.O.; Frank, M.f. 
Guildford, United Kingdom; University of Surrey (1985) 80-84 
[En, 5 ref.] AFRC Food Res. Jnst., Norwich, NR4 7UA, UK. 

The antiserum was used in an enzyme linked immu
nosorbent assay for the estimation ofsterigmatocystin in barley. 

445 BENKHEMMAR, 0.; GAUDEMER, F.; BOUVJER-FOURCADE, 
I. Heterokaryosis between Aspergillus oryzae cyclopiazonic 
acid-defecth·e strains: method for estimating risk of inducing 
toxin production among cyclopiazonic acid-defective industrial 
strains. Applied and Environmental Microbiology ( 1985) 50 
(4) 1087-1093 [En, 21 ref., 3 fig., 5 tab.] Lab. d'Etude et 
Exploitation du Polymorphisme Vegetale, CNRS, Univ. Paris· 
Sud, Centre d'ORSAY, Biltimenl 400, 91405 Orsay Cedex, 
France. 

The risks of obtaining cyclopiazonic acid (CPA) synthesis 
from heterokaryons between A. oryzae mutants affected in their 
ability to produce CPA are evaluated. These CPA·defective 
strs. are widely used in the food industry, but it is concluded that 
the risks or producing the mycotoxin from 2 CPA·defective 
individuals are not high. 

446 BLANEY, B. J. Mycotoxins in crops: epidemiological 
aspects in Queensland. In Plant toxicology. Proceedings of the 
Australia-U.S.A. poisonous plants symposium. Brisbane, Aus
tralia, May 14-18. 1984. Yeeron~pilly, Queensland, Australia; 
Animal Research Institute (1985) 578-588 [En, 18 ref.] Dep. 
Primary Ind., Anim. Res. lnst., Yeerongpilly, Qld 4105, 
Australia. 

Crop mycotoxins found in Queensland are aflatoxins 
(Aspergillus ftavus), ochvatoxins (A. ochraceous), zearalenone 
(Fusarium spp.), deoxynivalenol and other trichothecenes, 
Alternaria metabolites, Diplodia metabolites, and those of 
C/aviceps and Pithomyces; the mycotoxicoses associated with 
these have not necessarily been seen in Australia. The influence 
of season, weather and geographical region on fungal and 
mycotoxin production is discussed. 

127 

ANIMAL FEEDS 

See also absts. 400, 417, 420, 425, 435, 441, 589 

447 REDDY, P. S.; REDDY, C. V.; REDDY, V. R.; RAO, P. V. 
Occurrence of aftatoxin in some feed ingredients in three geo
graphical regions of Andhra Pradesh. Indian Journal of Animal 
Sciences (1984) 54 (3) 235-238 [En, 8 ref.] College of Veteri
nary Science (Andhra Pradesh Agricultural Univ.), Rajen
dranagar, Hyderabad, Andhra Pradesh 500 030, India. 

A survey on aflatoxin contamination of some poultry feed 
ingredients, conducted in Andhra Pradesh during winter of 
1981-82, indicated that groundnut cake (GNC), in general, 
contained more total aflatoxin, 587 J.Lg/kg, than did maize 71, 
pearl millet 38, broken rice 43 and rice polish 23 Mg/kg. The 
GNC samples collected from the coastal region had more 
aflatoxin, 974 Mg/kg,than had those from Rayalaseema region, 
573 Mg/kg, and Telangana region, 215 Mg/kg. Maize from 
Rayalaseema, the coast and Telangana had aflatoxin 99,62 and 
53 p,fkg, respectively. No consistent trend was observed in the 
other feedingstuffs. The storage of samples for 2 months signifi
cantly increased the aflatoxin content in GNC and maize but 
not in the other ingredients. 

448 RINTELEN, J. [Incidence of Fusarium on stored fodder 
cereals harvested in 1982-1984 in Bavaria.] Fusarienbefall an 
eingelagertem Fullergetreide der Ernten 1982 bis 1984 in Bay· 
ern. Bayerisches LandwirtschaftlichesJahrbuch (1985) 62 (8) 
1019-1024 [De, en, 10 ref., 4 tab.] Bayerischen Landesanslall 
filr Bodenkultur, Freising-Miinchen, German Federal 
Republic. 

On oats, barley and wheat grains stored for animals, F. 
poae predominated (1.11 %), followed by F. graminearum [Gib
berella zeae] (0.53%) and F. culmorum (0.18%). In 1984, when 
it was very wet in late summer, F. avenaceum predominated in 
some areas. · 

449 BALASUBRAMANIAN, T. Incidence of aflatoxin 8 1 in 
animal feeds. Indian Veterinary Journal ( 1985) 62 (II) 982· 
988 [En, 18 ref., 3 tab.] Dep. Biochem., Tamil Nadu Agric. 
Univ., Coimbatore-641 003, India. 

Aflatoxin B1 was detected in 66% of 101 samples of feeds 
and feed ingredients at up to 26.7 mgfkg. Of the 13 feed ingre· 
dients analysed, only groundnut oilcake contained aflatoxin 8 1 
(0.33·26.7 mg/kg). 

450 SCUDAMORE, K.; ATKIN, P. Determination of 
ochratoxin A, citrinin and other co-occurring mycotoxins in 
animal feedingstuffs. In Proceedings of the 5th Meeting on 
Mycotoxins in Animal and Human Health, Edinburgh, 1984 
[edited by Moss, M.O.; Frank, M.f. Guildford, United King
dom; University of Surrey (1985) 30-36 [En, 7 ref., I fig.] 
MAFF, ADAS, Slough Lab., Slough, United Kingdom. 

The use of high performance liquid chromatography or 
thin layer chromatography for the determination of ochratoxin 
A, citrinin and other mycotoxins in feeds arc compared. 

451 MooRE, A. Moulds and myeotoxins in animal feed
stuffs for England and Wales 1981-83. In Proceedings of the 
5th Meeting on Mycotoxins in Animal and Human Health. 
Edinburgh. 1984 {edited by Moss, M.O.; Frank. M.J. 
Guildford, United Kingdom; University of Surrey (1985) 117-
126 [En, 3 ref., 5 tab.] Microbial. Dep., Welsh Office Agric. 
Dep., Trawsgoed, Aberystwyth, Dyfed, SY23 4HT, UK. 

Mycological and mycotoxin data obtained from a wide 
range of animal feeds examined during 1981-83 are summa
rized. A considerable proportion of the samples showed evidence 
of mould spoilage; Aspergillus and Penicillium spp. 
predominated. Mycotoxins were regularly detected, particularly 
ochratoxin and citrinin in home-grown cereals and aflatoxins in 
compound feeds. Deoxynivalenol was detected in imported cere
als, particularly maize. Despite the large number of feeds found 
to contain mycotoxins there was no substantial evidence of 
mycotoxicoses in farm animals. 

452 WtLSON, T. M.; NELSON, P. E.; RYAN, T. B.; ROUSE, C. 
D.; PJTIMAN, C. W.; NEAL, T. P.; PORTERFIELD, M. L.; SAUN· 
DERS, G. K. Linking leukoencephalomalacia to commercial 
horse rations [Fusarium mycotoxicosis]. Veterinary Medicine 
(1985) 80 (II) 63·64, 66, 68·69 [En, 15 ref.] Fusarium Res. 
Center, State Univ., University Park, PA 16802, USA. 
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A survey during 1984 and 1985 of 22 farms in North 
Carolina with confirmed cases of leukoencephalomalacia associ
ated with feeding commercial pelleted or non-pelleted feed 
revealed that, of201 horses exposed to Fusarium, 50 became ill 
and 32 died. Clinical signs were ataxia, blindness, depression, 
hysteria, and sudden death. Brain lesions included malacia, 
haemorrhagic foci, and perivascular cuffing with mononuclear 
cells. From 9 farms 14 feed samples were examined, of which 13 
were mixtures of maize, oats, and pellets; a high level of contam
ination with Fusarium moniliforme was found in maize of 10 
samples, oats of 7 samples and pellets of 6 samples. This is the 
first report of leukoencephalomalacia associated with commer
cial horse feed. 

GRAIN AND PULSES 

See also absts. 431-432, 434,441,448, 714, 716, 740. 748-
750, 752-754 

453 WILKIN, D. R. Ridding stored grain of pests. Cereal 
Foods World (1984) 29 (7) 415-416 [En, 13 ref., 3 fig.] ADAS, 
MAFF, Slough Laboratory, Berks, United Kingdom. 

Infestation of stored grain by insects and mites in the 
United Kingdom and their control are reviewed and discussed. 
The principal insect pests are Oryzaephilus surinamensis, 
Sitophilus granarius, S. oryzae, Cryptolestes ferrugineus and 
Tribolium castaneum, and the most harmful mite species are 
Glycyphagus destructor [Lepidoglyphus destructor] and Aca
rus siro; however, these mites can only breed in grain with a 
moisture content of at least 14%. The topics dealt with are 
damage and loss, treatment with new chemicals (including 
chlorpyrifos~methyl, fenitrothion, methacrifos, etrimfos and 
pirimiphos-methyl) in place of malathion, and the development 
of strains of insects resistant to the pesticides used. 

454 PR~DZY,.SKA, A. (Occurrence of stored-product insects 
in stores in Wielkopolska.] Wyst~powanie szkodliwych owad6w 
w magazynach na terenie Wielkopolski. Prace Naukowe 
lrutytutu Ochrony Ro§Jin (1983, reed. 1985) 25 (I) 143-156 
[PI, en, ru, 10 ref.] 

The occurrence of insect pests in grain and seed stores was 
studied in the Wielkopolska region of Poland in 1976-81. The 
most frequently occurring pests were Tribolium confusum, 
Laemoph/oeus sp., Sitophilus granarius and Anagasta 
kuehniella [Ephestia kuehniella]. S. oryzae and Tenebrio mol
it or were found fairly frequently, and a further 16 species 
occurred sporadically. 

455 OsMAN, N. Assessment of damage by the rice moth, 
Corcyra cephalonica (St.) on different grains at four levels of 
moisture content. Pertanika (1984) 7 (3) 53-58 [En, my, 10 
ref.] Department of Plant Protection, Faculty of Agriculture, 
Universiti Pertanian Malaysia, Serdang, Selangor, Peninsular 
Malaysia. 

Damage caused by CorcyKa cepha/onica on millet, sor
ghum, milled and rough rice stored at 50, 60, 70 or 80% RH in 
Peninsular Malaysia was determined on the basis of damaged 
kernels, percentage dry weight loss and dry weight of frass and 
webbing. The 4 rates of relative humidity did not affect any of 
these parameters. Rough rice was the least damaged of all, and 
few larvae survived. The percentage of larvae surviving to the 
adult stage increased between grain moisture contents of 11.1% 
and 13.2% but decreased at 14.1% in millet, sorghum and milled 
rice. In milled rice, the percentage of surviving larvae was signif~ 
icantly lower at the lowest than at the highest moisture content. 
The development period of the insects in millet, sorghum and 
milled rice was significantly longer in grains with the lowest 
moisture content. 

456 SEJINY, M. J.; TAWFIK, K. A.; EL-SHAIEB, M. K. Stud
ies on mycoflora of cereal grains in the southern west region of 
Saudi Arabia. I. Fungi associated with some cereal grains at post 
harvest and during storage. Annals of Agricultural Science, 
Moshtohor (1984) 22 (I) 281-297 [En, 24 ref., 4 fig., 4 tab.] 
Bioi. Dep., Fac. Sci., King Abdulazia Univ., Jeddah, Saudi 
Arabia. 

The grain mycofiora of sorghum, wheat, maize and barley 
from Gizan, Shamaran, El-Baha, Zahran and Taif were invest1~ 
gated. At post-harvest a higher incidence of fungi was recorded 
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for sound, non-disinfected grains rather than grains disinfected 
with mercuric chloride and either plated on PDA or on blotters 
at 25-28 °C for 5-8 d, although percentages of isolation of asso
ciated fungi were approx. similar. Common genera (Alternaria, 
Aspergillus, Curvularia, Drechslera, Fusarium and Penicil
lium) varied in incidence on non-disinfected cereal grain sam
ples. Spp. of Rhizopus, Cladosporium and Stemphylium were 
detected only infrequently. Curvu/aria spp. prevailed on dis
coloured white sorghum grains of high moisture content 
obtained from Gizan. After 6 months' storage (at 22-25°) of 
sound cereal grains from different localities Aspergillus, 
Fusarium, Drechs/era and Penicillium spp. were frequently 
detected on disinfected grains. Alternaria a/ternata, Aspergil
lus flavus, A. niger, A. ochraceus, Curvu/aria lunata l Coch
liobo/us luna/us], F. moniliforme [Gibberellafujikuroi] and F. 
oxysporum constituted the most abundant spp., in comparison 
with unidentified spp., at post-harvest and after storage. 

457 SCOTT, P. M. The occurrence of fOmitoxin (deox
ynivalenol, DON) in Canadian grains. In Toxigenic fungi -
their toxins and health hazard [edited by Kurata, H.; Ueno. 
Y.j. Tokyo, Japan; Kodansha Ltd.; Amsterdam, Netherlands; 
Elsevier (1984) 182-189 [En, 9 ref., I fig., 5 tab.] Health Pro
tection Branch, Health and Welfare Canada, Ottawa, Ont., 
Canada KIA OL2. 

During 1980-82, deoxynivalenol (DON) was detected in 
the Ontario soft winter wheat crop (av. 0.22-0.74 p.p.m.), the 
Quebec hard spring wheat crop (av. 0.33-3 p.p.m.), and wheat 
from the Maritime provinces (av. 0.13-0.47 p.p.m.), but there 
was no problem with Western Canadian wheat. New gUidelines 
were established in 1983 for DON in soft wheat and derived 
non~staple food products. Mean concn of DON in domestic 
maize were 0.2-0.62 p.p.m. 

458 GILBERT, J.; SHEPHERD, M. J.; SrARTIN, J. R. The 
analysis and occurrence of Fusarium mycotoxins in the United 
Kingdom and their fate during food processing. In Toxigenic 
fungi -their toxlru and health hazard [edited by Kurata, H.; 
Ueno, Y.j. Tokyo, Japan; Kodansha Ltd.; Amsterdam, Nether
lands; Elsevier (1984) 209-216 [En, 12 ref., 2 tab.] MAFF, 
Food Sci. Div., Norwich NR2 4SX, United Kingdom. 

Methods for the analysis of F. mycotoxins are appraised. 
Using multiple ion detection mass spectrometry, surveys for 
deoxynivalenol have been carried out in the United Kingdom 
and results are summarized for findings during 1980-83, for 
"home-grown" wheat, barley, oats and imported maize. Low 
levels were fairly common in home grown cereals, > 0.1 p.gjkg 
being found in only 4% of all samples analysed. Higher levels 
and incidence were observed in EEC and N. American grains. 
Maize samples from S. Africa were remarkably free of contami
nation but maize from USA and Europe was universally con
taminated with 0.1-1.4 mgfkg (av. 0.5 mgfkg). The fate of 
deoxynivalenol during milling and food processing is discussed. 

459 YOSHIZAWA, T. Natural occurrence of Fusarium toxins 
in Japan. In Toxigenic fungi- their toxins and health hazard 
[edited by Kurata, H.; Ueno, Y.[. Tokyo, Japan; Kodansha 
Ltd.; Amsterdam, Netherlands; Elsevier (1984) 292-300 [En, 
17 ref., I fig., 3 tab.] Dep. Food Sci., Fac. Agric., Kagawa Univ., 
Miki-cho, Kagawa 761-07, Japan. 

Deoxynivalenol (DON) and nivalcnol (NIV) were detected 
in 153 of 205 samples of wheat and barley samples examined 
(74.6%) and occurred simultaneously at approx. equal levels in 
61.5%, regardless of crop year, habitat. breed or variety. Levels 
of DON orNIV were> 2 p.p.m. in 36 (17.6%) of samples,> I 
p.p.m. in 57 (27.8%) and> 0.3 p.p.m. in 96 (46.8%). Zearale
none and butenolide were also observed. Commercial parched
barley flours were also contaminated with DON (27-85 p.p.b.) 
and NIV (37-190 p.p.b.). 

Barley, Oats, Rye 

See also absts. 435-436, 444 

460 ROUSSEAU, D. M.; SLEGERS, G. A.; PETEGHEM, C. H. 
VAN Radioimmunoassay of ochratoxin A in barley. Applied 
and Environmental Microbiology (1985) 50 (2) 529-531 [En, 7 
ref., I fig., I tab.] Lab. Food Analysis, Pharmaceutical Inst., 
State Univ. Ghent, B-9000 Ghent, Belgium. 



A sim~le and rapid radioimmunoassay for the quantitative 
determination of ochratoxin A in barley is described. P4C]
ochratoxin A, with a specific activity of 130 Cifmol, was used as 
the tracer. Toxin levels below 100 ngfml required a cleanup 
step. Three methods (the Association of Official Analytical 
Chemists cleanup method, the solvent partition method and the 
Extrelut 3 column cleanup method) were compared. 

461 FLANNIGAN, B.; DAY, S. W.; DOUGLAS, P. E.; McFAR· 
LANE, G. B. Growtb of mycotoxin-producing fungi associated 
with malting of barley. In Toxigenic fungi -their toxins and 
health hazard [edited by Kurata, H.; Ueno, Y.]. Tokyo, Japan; 
Kodansha Ltd.; Amsterdam, Netherlands; Elsevier (1984) 52-
60 [En, 26 ref., 4 tab.] Dep. Brewing and Bioi. Sci., Heriot
Watt Univ., Edinburgh EHl lHX, United Kingdom. 

The development of the mycoftora on barley during com
mercial malting was monitored. Kilning of green malt reduced 
the viable inoculum. Counts of toxinogenic Fusarium spp. 
reached 8 X 103 propagulesfkernel, and Geotrichum candidum 
and Aspergillus clavatus also developed rapidly during malting. 
The presence of damaged or pregerminated kernels and the 
accidental introduction of fimshed malt contributed to the 
growth of A. c/avatus in green malt; elevated malting temp. led 
to the rapid development of A. clavatus. 

Maize 

See also absts. 409-410, 425, 428, 747 

462 TUITE, J.; KOH-KNOX, C.; STROSHINE, R.; CANTONE, F. 
A.; BAUMAN, L. F. Effect of physical damage to corn kernels 
on the development of Penicillium species and Aspergillus 

flaucus in storage. Phytopathology (1985) 75 (IO) I 137-1140 
En, 15 ref., 4 fig., 3 tab.] Dep. Bot. Pl. Path., Purdue Univ., 

West Lafayette, IN 47907, USA. 
Seed germination, visible mould, number of fungal 

propagules, and ergosterol content were similar in undamaged 
and crown-damaged maize kernels inoculated with 3 spp. of the 
A. g/aucus group. Cutting the pericarp over the embryo and, to 
a lesser extent, removing the pedicel significantly increased 
mould development and reduced germination, but the genotypes 
were affected differently. Kernels of two susceptible and two 
resistant genotypes inoculated with 3 P. spp. maintained their 
differential responses whether undamaged or damaged with an 
abgerminal cut. Excising the pedic~l. cutting the pericarp over 
the embryo, or puncturing the embryo, respectively, resulted in 
increasing amounts of propagule development by P. and 
decreased seed germination. Despite the enhancement of mould 
development by seed damage, the resistant genotypes were more 
resistant than the susceptible genotyl?es. This differential 
response was confirmed in a second test With P. spp. in which the 
pedicel was excised or the hilum was pierced. The rankings of 
stored ~round kernels, as determined by numbers of propagules 
of P. dtlfered from the rankings of stored whole kernels. 

463 HESSELTINE, C. W. Mycotoxins and alcoholJroduc
tion: a review. In Toxigenic fungi- their toxins an health 
hazard {edited by Kurata, H.; Ueno, Y.]. Tokyo, Japan; Kodan
sha Ltd.; Amsterdam, Netherlands; Elsevier (1984) 153-161 
(En, 29 ref.] Northern Regional Res. Cent., ARS, USDA, Peo
ria, IL 61604, USA. 

Large quantities of ethanol are produced annually in USA 
by fermentation of distressed grain, especially maize. The 
problems associated with the presence of mycotoxins in such 
grain, including use of the spent grain as ammal feed and the 
inhibition of ethanol-producing yeasts (Saccharomyces cerevi
siae etc.) by mycotoxins are discussed. 

464 LEE, L. S.; PARRISH, F. W.; JACKS, T. J. Substrate 
depletion during formation of aflatoxin and kojic acid on corn 
inoculated with Aspergillus jlavus. Mycopatho/ogia (1986) 93 
(2) 105-107 [En, 9 ref., I tab.] Southern Reg. Res. Cent., P.O. 
Box 19687, New Orleans, LA 70179, USA. 

Depletion of sugar and starch carbon sources and concomi
tant formation of secondary fungal metabolites, aflatoxin and 
kojic acid, were examined in growing maize inoculated with A . 
.flavus. Kernels from control and inoculated ears were removed 
and analyzed after 16, 24, 48, 96 and 168 h. Reducing sugars 
were not significantly different for inoculated and control non
inoculated samples, but after 168 h (7 days) starch content was 
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20% lower in inoculated than in control samples. Kojic acid was 
detected before aflatoxins formed. Kojic acid, the oxidized prod
uct of kojic acid and aflatoxin were all present in samples 2 days 
after inoculation. It is concluded that the formation of this 
oxidation product may influence toxin levels. 

Rice 

465 ROHAN!, M. Y.; SAMSUDIN, A. Padi past harvest losses 
in Tanjon Karang, Selangor. MARDI Research Bulletin (1984) 
12 (2) 216-223 [En, my, 8 ref., 4 tab.] Food Techno!. Div., 
MARDI, Serdang, Selangor, Malaysia. 

Since the rice harvesting was conducted manually during 
this survey in Mar.-June 1981, several factors such as lack of 
labour, delay in harvesting and threshing, improper threshing 
and handling, and the cultivar planted, were important in con
tributing to both harvesting and threshing losses (0.12-1.54% 
and 3.48-7.42% respectively). Losses during milling were 
mainly related to grain breakage. During the hulling process 
only 0.7% of the grains were lost. Storage losses were signifi
cantly higher in large mills (av. of 22.8%) than in small mills 2-
5%. These differences were due to the amount, storage time and 
storage methods employed by the millers. 

Wheat, Buckwheat 

See also absts. 410, 414, 440, 480, 732-733, 746 

466 LESSARD, F. F. [Thermal treatments for disinfestation 
of cereals and cereal products: possibility of practical usage and 
sphere of application.] Les traitements thermiqucs de dC.sinfesta
tion des cereales et des produits cerealiers: possibilite 
d'utilisation pratique et domaine d'application. Bulletin, 
Organisation Europeenne et Mediterraneenne pour Ia Protec
tion des Plantes (1985) IS (I) !09-118 (Fr, en, de, 20 ref., 4 
fig.] INRA, Laboratoire des Insectes des Denrees, BP 131, F-
33140 Pont-de·la·Maye, France. 

A new approach to heat treatment of cereals and milling 
products for the elimination of insect pests using a hot-air fluid
Ized bed or fluid lift is described on the basis of studies carried 
out in France. Laboratory and pilot-scale tests showed that this 
process gave complete mortality of the species and stages tested 
(all stages of Sitophilus oryzae and S. granarius, larvae of 
Anagasta kuehniella [Ephestia kuehniella], Tenebrio molitor 
and Trogoderma granarium and adults of Oryzaephilus 
surinamensis) with an exposure of less than I min to air temper
atures of 60-180°C. The temperature of the substrate during 
exposure did not exceed n•c and was always followed by rapid 
cooling. Treatment did not adversely affect the baking quality of 
the flour obtained from treated or soft wheat or the technologi
cal properties of hard wheat or semolina, provided that the air 
temperature did not exceed l20°C. The cost of heat treatment 
was comparable with that of fumigation, and can be used on 
cereals whenever insecticidal treatments are unsuitable. 

467 NAWROT, J.; WARCHALEWSKI, J. R.; STASINSKA, B.; 
NOWAKOWSKA, K. The effect of grain albumins, globulins and 
gliadins on larval development and longevity and fecundity of 
some stored product pests. Entomologia Experimentalis et 
App/icata (1985) 37 (2) 187-192 [En, de, 17 ref., I fig.] Insti
tute for Plant Protection, 60·318 Poznan, Poland. 

Albumins, globulins and gliadins were extracted from field
sprouted grains of wheat grain var. Beta. The pure fractions 
were freeze-dried and then added to the residue after protein 
extraction, or to the ground wheat grain. Adults of Tribolium 
con(usum and larvae of T. confusum, Trogoderma granarium 
and Anagasta kuehniella [Ephestia kuehniella] were placed on 
the prepared food. The residue after protein extraction was 
inadequate food for complete development of larvae of all spe
cies despite.frotein fractions being added. Larvae did not grow 
on such foo although they remained alive for a very long time. 
Adults of Tribolium confusum lived shorter times and laid less 
eggs on the residue after extraction than on ground wheat. 

468 DUNKEL, F. V.; Pu, Z. L.; CHUAN, L. Wheat grain 
storage by rural producers in southern China. Tropical Science 
( 1985)25 (2) !03-115 [En, 13 ref., 5 fig.] Department of Ento
mology, University of Minnesota, St. Paul, MN 55108, USA. 
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Twenty-one bulks of winter wheat, totalling about 87 ton
nes, were surveyed in temporary storage before complete sun
drying in southern China. The grain, in bamboo bins or baskets 
or on the floor of the granary, had less than I% dockage and 
foreign matter but high levels (21 %} of damaged kernels, mostly 
shrivelled. Live adult insects were present in about 75% of the 
samples taken, the most common species being Sitotroga cerM 
eale/la; Sitophilus spp., Cryplolestes pusi/lus, Typhaea 
stercorea and Carpophilus sp. were also quite common. Mites, 
but not psocids, were detected in more than 47% of the samples, 
and 3 of 4 bulks that were heating were heavily infested with 
mites. Insect traps (brass probes) were twice as effective as 
spear samples for the detection of infestation. 

469 NAWROT, J. The susceptibility of grain various wheat 
varieties and cultivars to the post-harvest infestation by granary 
weevil (Sitophilus granarius L.). Prace Naukowe lnstytutu 
Ochrony Roslin (1981, reed. 1985) 23 (2) 133-141 [En, pi, ru, 
14 ref., I fig.] 

The resistance of grain of 8 varieties and I 0 clones of 
winter wheat and 5 varieties and 8 clones of spring wheat to 
damage by adults of Sitophilus granarius was studied in the 
laboratory in Poland. Significant differences in feeding inten· 
sity, female fecundity and rate of progeny development on the 
various grains were observed. Grains with a resistance index 
higher than 7.5 were colonized and destroyed much more slowly 
than those with a resistance index lower than 6.0. 

470 CHANDER, H.; AHMED, S.M. Efficacy of natural embe
lin against the red flour beetle, Tribolium castaneum Herbst. 
lnsecl Science and ils Application (I 985) 6 (2) 217-220 [En, 14 
ref.] Infestation Control & Pesticides Discipline, Central Food 
Technological Research Institute, Mysore·570 013, India. 

Embelin, an extract of the powdered berries of Embelia 
ribes (a shrub native to India) was mixed with wheat grain at 
concentrations of 0.1875-0.75%. It caused mortality to adults 
of Tribolium castaneum even after treatment at the lowest 
concentration and storage for 8 months. It also reduced the 
number of progeny produced per adult beetle per day. After 8 
months' storage, significant reduction of the F1 progeny after 
treatment at the lowest concentration was mainly due to the 
action of embelin against the larvae. No chemosterilant action 
or contact toxicity against adults was found. Germination of the 
wheat was not significantly impaired even after treatment at the 
highest concentration. 

471 DORTBUDAK, N.; AYDIN, M. [An investigation into the 
results of losses of wheat kept in storehouses caused by stored
product insects during various storage periods in central Anato
lia.] Orta Anadolu BOigesinde ambarlarda saklanan bugdayda 
zararh alan ambar bOceklerinin degi§ik ambarlama siireleri 
i~,;inde neden oldugu iiriin kay1plarmm ara§hnlmasi. Bitki 
Koruma Biilteni (1984) 24 (2) 94-111 [Tr, en, 6 ref.] Ambar 
Zararhlan Laboratuvari, BOlgc Zirai Miicadele Ara§tlfma 
EnstitilsU, Ankara, Turkey. 

Investigations into the losses of stored wheat caused by 
insects were carried out in central Anatolia, Turkey, in 
1980-81 under natural conditions in different villages, in differ· 
ent kinds of storehouses (mud-brick or concrete) and for differ
ent periods of storage (8-11 months); wheat samples were 
compared with wheat kept under laboratory conditions. 
Sitophilus granarius, Oryzaephilus surinamensis, Tribolillm 
conjusum and Ephestia kuehniella were identified during the 
I st year (at a density of 2.1-36.3 insects/kg grain), and only 
the first 2 species in the 2nd year (at densities of 0-51 
insects/kg grain of hard wheat and 0-101.5 insects/kg soft 
wheat). In the 1st year, loss of germinability averaged 23.8% 
after 8 months, and in the 2nd year it averaged 3.8% in hard 
wheat after 8 months and 5.5% in soft wheat after 9 months. 
Damaged grains averaged 9.6% after 9 months in the 1st year 
and 2.1% in hard and 2.6% in soft wheat after II months in the 
2nd year. Weight losses after 9 months, calculated on the basis 
of 1000 grains, averaged 3.6-22.7% in the 1st year and 6% in 
hard and 1.9% in soft wheat in the 2nd year. 
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472 CHELKOWSKI, J.; VISCONTI, A.; GOLINSKI, P.; KWASNA, 
H. [Vomitoxin and zearalenone production by Fusarium iso
lates from cereals grown in Poland.] Wytwarzanie womitoksyny 
i zearalenonu przez wyosobnione ze zboz krajowych grzyby 
rodzaju Fusarium. Medycyna Weterynaryjna (1985) 41 (9) 
548-549 [PI, en, ru, 23 ref.] ul Wiolinowa 5/54, 02-766 War
saw, Poland. 

During 1980-1983, 149 strains of Fusarium (16 species) 
were isolated from autoclaved wheat grains and examined for 
their ability to produce dcoxynivalenol and zearalenone. Deox
ynivalenol (up to 80 mgjkg of wheat grains), 3 acetyl-deox
ynivalenol (up to 208 mgjkg} and zearalenone (up to 750 
mgfkg) were produced by 43 strains of F. culmorum and 2 of F. 
graminearurn. 

Pulses 

See also absls. 721, 738 

473 HOLLOWAY, G. J.; SMITH, R. H. Inheritance of the 
ability of Sitophilus oryzae (L.) (Coleoptera: Cureulionidae) to 
feed and breed on yellow split-pea (Pisum sativum). Bulletin of 
Entomological Research (1985) 75 (3) 367-375 [En, 16 ref., 3 
fig.] Population Biology Laboratory, Department of Pure and 
Applied Zoology, University of Reading, Whiteknights, Read
ing, Berks, RG6 2AJ, United Kingdom. 

Sitophi/us oryzae is a pest of stored cereals and, because 
most populations are unable to survive on yellow split·pea and 
other legumes, admixture of legume with cereal has been sug
gested as a control method. However, some geographical strains 
have been found able to feed and breed on yellow split-pea. The 
ability is heritable and known to be controlled in I strain by a 
single recessive, autosomal gene. The inheritance pattern of the 
ability was investigated in 3 different geographical strains, 2 of 
which could feed and breed on yellow split-pea and I which 
could not. The genetic mechanism controlling the character in 
these strains was not a simple recessive allele, but differed 
between the 2 pea·breeding strains and was co-dominant with 
ability to feed on yellow split-pea in the non-pea-breeding strain. 
The results indicate there is considerable between-strain genetic 
variability for the character which may render cereal-legume 
mixture of little value as a control method against S. oryzae. 

474 HU, T.; TSAI, L. T.; Fu, Y. K.; SHEN, M. L. [Utilization 
of gamma rays for insect pest control of bagged mungbean and 
adzuki bean.] PI ani Protection Bullelin, Taiwan ( 1985) 27 (I) 
63-68 [Ch, en, 7 ref.] Institute of Nuclear Energy Research, PO 
Box 3-27 Lung-Tan, 325, Taiwan. 

In studies in Taiwan, polyethylene bags containing 600 g of 
mung bean (Vigna radiata) or adzuki bean (V. angularis) seeds 
were treated with gamma-radiation at a dose of 10 krad for the 
control of infestations with Callosobruchus chinensis and sub
sequently stored for 3 months in an incubator at 25 ± 2°C. The 
numbers of weevils per bag, infested seeds per I 00 seeds and 
eggs per 30 seeds following treatment were significantly lower 
than those in untreated bags. The cooking quality and sprouts 
produced from mung bean seeds was unaffected by the irradia
tion treatment. 

475 LISKER, N.; BEN-EFRAIM, A.; HENIS, Y. Involvement of 
fungi in the increase of free fatty acids in stored soybeans. 
Canadian Journal of Microbiology (1985) 31 (9) 799-803 [En, 
fr, 22 ref.]Inst. for Tech. and Storage of Agric. Products, Agric. 
Res. Org., Volcani Cent., Bet Dagan 50250, Israel. 

Application of 20 g captan or 10 g thiourea/kg soyabean 
seeds did not prevent the development of fungi under the seed 
coat of whole seeds or the increase in free fatty acids during 
storage at 85% RH. At 65 and 75% RH, the increase in free 
fatty acids and fungal development were lower than at 85%, but 
fungicide treatment was still ineffective. Fungicide application 
to split soyabean seeds significantly reduced the free fatty acid 
content. The major fungi isolated from stored soyabeans were 
Aspergillus candidus, A. ruber, A. versicolor and Penicillium 
eye/opium, all of which showed lipolytic activity. Inoculation of 
intact seed with these fungi did not cause an increase in free 
fatty acids. 

• 
' 



476 MAHESHWARI, R. K.; MATHUR, S. K. Deterioration of 
various seed constituents of labia (Vigna sinensis) due to some 
Aspergilli. Seed Research (1984) 12 (2) 116-118 [En, 15 ref., I 
fig.] Dep. Bot., Agra Coli., Agra-282002, India. 

The effects of Aspergillus fumigatus, A. nidu/ans and A. 
terreus on the carbohydrates, sugars and nitrogen contents of 
cowpea seed are described. 

477 KOEHLER, P. E.; BEUCHAT, L. R.; CHHINNAN, M. S. 
Influence of temperature and water activity on aflatoxin produc
tion by Aspergillus jlavus in cowpea (Vigna unguiculata) seeds 
and meal. Journal of Food Protection (1985) 48 (12) 1040-
1043 [En, 19 ref., I fig., 2 tab.] Dep. Food Sci., Univ. Georgia, 
Agric. Exp. Sta., Athens, GA 30602, USA. 

Larger quantities of aflatoxin were produced at 21 and 
30"C than at 37". The highest amount of aflatoxin (2777 l'g/20 
g, dry weight basis) was observed in meal containing onion at aw 
0.98 after 20 days of incubation at 21 ".A level of 870 l'gj20 g 
was detected in seeds at aw 0.95 after 14 days of incubation at 
30". Meal at a. 0.96 supported production of 55l!'g of aflatoxin 
per 20 g after 20 days at 30". Temp. had little influence on the 
optimal aw for aflatoxin production in cowpea meal. However, 
an increase in temp. resulted in a decreased opt. aw for anatoxin 
production on whole cowpeas. When known quantities of 
aflatoxin were added to cowpea meal which was subsequently 
steamed for 5 min, only 29% was extractable using a variety of 
procedures, indicating that the toxin may be bound in some 
manner to cowpea constituents as a result of heat treatment. 

478 SHARMA, R. B.; Rov. A. N.; SINHA, B. P. New fruit 
rots of kidney bean (Dolichos /ab/ab). Indian Journal of Mycol
ogy and Plant Pathology (1983, pub!. 1985) 13 (3) 360 [En, 3 
ref.] Dep. Bot., Agra Coli., Agra 282002, India. 

Fusarium so/ani and Alternaria tenuissima were recorded 
on D. /ab/ab [Lab/ab purpureus] in markets and in the field. 

479 PEPELJNJAK, S. Mycotoxic contamination of haricot 
beans in nepbropathic areas in Yugoslavia. Microbiologie
Aliments- Nutrition (I 984) 2, 331-336 [En, 24 ref., I fig., 4 
tab.] Fac. Pharmacy Biochem., Univ. Zagreb, 41000 Zagreb, 
Yugoslavia. 

Contamination of haricot beans by toxinogenic fungi, both 
in the field and during storage, was investigated during 1980~83. 
Fungi isolated most frequently from the plant were Fusarium 
(96.2%), Cladosporium (96.2%), Alternaria (66.6%) and 
Absidia (25.9%). Penicillium and Aspergillus were isolated 
from 95.3% and 92.3% of stored beans, respectively. Ochratoxin 
A was found in 8% of stored beans investigated (17-53 !'g/kg) 
and zearalenone in 2% (I 0 l'g/kg). No aHa toxins were detected 
in the samples studied. 

FLOUR AND BAKERY PRODUCfS 

See also abst. 414 

480 ABBAS, H. K.; MIROCHA, C. J.; PAWLOSKY, R. J.; PUSCH, 
D. J. Effect of cleaning, milling, and baking on deoxynivalenol 
in wheat. Applied and Environmental Microbiology (1985) 50 
(2) 482-486 [En, 21 ref., I fig., 3 tab.] Dep. Pl. Path., Univ. 
Minnesota, St. Paul, MN 55108, USA. 

Samples of wheat naturally infected by Fusarium 
graminearum [Gibberel/a zeae] were obtained from mills in 
Oklahoma, Missouri, Kansas and Minnesota and fields in 
Nebraska and Kansas in 1982 and were analyzed for deox
ynivalenol (DON). The wheat was milled. DON was found 
throughout all the milling fractions (bran, shorts, reduction 
Hour and break flour). The DON recoveries for each mill run 
ranged from 90 to 98%. These samples, regardless of DON 
concn, also gave similar fractional distributions of DON. The 
greatest (21 p.p.m.) concn of DON was found in the bran, and 
the smallest (I p.p.m.) was found in the break flour. Cleaning 
and millin¥ were not effective in removing DON; DON was not 
destroyed m the bread baked from the naturally contaminated 
whole wheat flour, but the effect on its concn in the samples 
analyzed varied, the reduction ranging from 19 to 69%. The 
percent reduction found in the cleaned wheat ranged from 6 to 
19%. DON concn in the following commercially made breads, 
caraway rye, seedless rye, and pumpernickel, were 45 p.p.b., 39 
p.p.b. and 0 p.p.b., respectively. The limits of detection by gas 
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chromatography~mass spectrometry and high~pressure liquid 
chromatography for DON were 0.5 and I 0 ng, respectively. 

OILSEEDS, NUTS, VEGETABLE OILS 

Oilseeds 

481 LOSCHIAVO, S. R.; LAMB, R. J. Food preferences, sur
vival, and development of four stored-product pests (Coleoptera) 
on rapeseed and canola (Brassica spp.). Canadian Entomologist 
(1985) 117 (5) 575-580 [En, fr, 13 ref.] Research Station, 
Agriculture Canada, Winnipeg, Manitoba, R3T 2M9, Canada. 

To assess whether canola seed was more susceptible to 
infestation than rape seed, the food preferences, survival and 
development of 4 major pests of stored products were tested in 
the laboratory on seeds of 10 cultivars of rape and canola. 
Adults of Oryzaephilus mercator, 0. surinamensis and 
Tribolium castaneum preferred cereal diets on which they arc 
normally reared to any of the rape and canola cultivars; 
Cryptolestes ferrugineus preferred wheat kernels with 15% 
moistyre content to these cultivars. The beetles did not prefer 
any one of the rape and canota cultivars, and attempted to avoid 
them. Survival of the 4 species was higher, and development 
time shorter, on control diets than on the cultivars. 0. mercator 
produced only a few progeny on cultivar Zephyr, and T. cas
taneum on Midas and Tower. No correlations were found 
between survival or development time and glucosinolate or 
erucic acid content. Much higher survival of 0. mercator 
occurred when tests were started with newly emerged larvae 
than with eggs. Survival was substantially lower on ground than 
on whole seeds. No evidence was found to indicate that canota 
seed was more susceptible to infestation than rape seed. 

482 LAWl.OR, T. E.; HAWORTH, S. R.; ZEIGER, E.; PARK, D. 
L.; LEE, L. S. Mutagenic potential of ammonia-related 
aflatoxin reaction products in cottonseed meal. Journal of the 
American Oil Chemists' Society (1985) 62 (7) !136-1138 [En, 
13 ref.] Microbial. Associates Ltd., 5221 River Rd, Bethesda, 
MD 20816, USA. 

Ammonia treatment of aflatoxin-contaminated cottonseed 
meal significantly decreased aflatoxin levels. The aflatoxin 
decontamination products formed by the treatment had little or 
no mutagenic potential. 

Nuts 

See also abst. 410 

483 HANLIN, R. T. Ecology of mycotoxigenic fungi in nut 
crops. In Filamentous microorganisms. Biomedical aspects 
{edited by Arai. T. et a/.]. Tokyo, Japan; Japan Scientific 
Societies Press (1985) 175-184 [En, 42 ref.] Dep. Pl. Path., 
Univ. Georgia, Athens, GA 30602, USA. 

Current information is reviewed, with special reference to 
work on the mycoflora of groundnuts and pecans and factors 
which favour invasion of seeds by Aspergillus jiavus and the 
production of anatoxin. 

484 OLIVARES MIRELES, H. S.; ADAME GONzALEZ, R. 
[Determination of aftatoxins in nuts in the city of Monterrey, 
N.L.] Determinaci6n de aflatoxinas en nuez de Ia ciudad de 
Monterrey, N.L. Revista Mexicana de Fitopatologia (1985) 3 
(I) 60-61 (Es, II ref., I tab.] Fac. Bioi. Sci., Univ. Nuevo Leon, 
Mexico. 

Anatoxins B1, B2 and G 1 were detected at 8.3-82 p.p.b. 

Vegetable oils 

485 TANTAOUI-ELARAKI, A.; TUTOUR, B. LE (Possible con
tamination of olives and derivatives by mycotoxins: a review.] 
Contamination eventuelle des olives et derives par les mycotox
ines: le point. 0/eagineux (1985) 40 (8/9) 451-454 [Fr, en, es, 
30 ref., I tab.] Hassan II Agron. Vet. Inst., Rabat, Morocco. 

On olives and olive cakes, Penicillium spp. predominate, 
followed by Aspergillus, including A. j/avus and A. ochraceus. 
Although some of the A. isolates are highly toxinogenic on 
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favourable media, none of them has been found to secrete high 
concn of mycotoxins on olives. However, aflatoxin 8 1 or 
ochratoxin A have been detected in some samples of olives and 
crude olive oil. 

COFFEE, COCOA AND TEA 

Coffee 

486 UDAGAWA, S.; NARITA, N.; SUZUKI, M. [A mycological 
survey of occurrence of mycotoxigenic fungi in imported green 
coffee beans.] Proceedings of the Japanese Association of 
Mycotoxico/ogy (1985) No.22, 17-20 [Ja, en, 13 ref., 2 tab.] 
Natn. Inst. Hygienic Sci., Kamiyoga, Setagaya-ku, Tokyo 158, 
Japan. 

A mycological study was carried out on 11 samples of 
imported green coffee beans. The mould flora of the beans con
sisted mainly of Aspergillus jlavus, A. fumigatus, A. niger, A. 
tamarii, Eurotium herbariorum, Penicillium chrysogenum, 
and P. citrinum. Nine isolates of A. flavus were examined for 
aflatoxin production on rice and coffee bean media. Only one 
str. produced !.!595 mg/kg and 58.69 l'g/kg of aflatoxins on 
rice and coffee bean meClia, respectively. The existence of this 
caffeine-resistant aflatoxigenic str. indicates that green coffee 
beans are not always an unfavourable substrate for aflatoxin 
production. 

487 DURAKOVIC, S.; DURAKOVIC, Z.; LALJC, L. M.; POSPI~IL, 
0.; RADIC, B. Influence of selected culth'ation parameters on 
the growth of the toxigenic mold Aspergillus parasiticus on 
coffee beans and the biosynthesis of aHa toxins. Mikrobio/ogija 
(1985) 22 (1) l-9 [En, sh, 16 ref., 2 fig., 3 tab.] Lab. Microbiol., 
Fac. Food Technol. Biotechnol., Zagreb, Yugoslavia. 

The effect of incubation at 20, 28 or 37°C and an initial 
water content of 15, 20, 30 or 40% on growth of A. parasiticus 
and aflatoxin production on green (regular or decaffeinated) 
coffee beans was investigated. Caffeine inhibited synthesis of 
aflatoxins B1 and G1 but had practically no influence on fungal 
biomass (determined indirectly by measuring the chitin con
tent). After incubation at 28°C for 35 days aflatoxin B1 concn 
wasreduccd by 10-14% and at 37°C by 15-22%, relative to peak 
levels obtained. Under the same conditons aflatoxin G1 concn 
was reduced by 12-18% at 28°C and 20-28% at 37°C. 

488 DURAKOVIC, S.; DURAKOVIC, Z.; BERJTJC, T.; RADIC, B.; 
LALit, L. M.; DELA~. F. Biosynthesis of aflatoxins by Asper
gillus parasiticus on roasted coffee beans. Period/cum Bio
logorum (1985) 87 (4) 503-510 [En, 22 ref., 4 fig., 2 tab.] Lab. 
Microbiol., Fa c. Food Sci. Biotechnol., 4100 Zagreb, 
Yugoslavia. 

The correlation of mycelial growth with accumulation of 
aHatoxins on decaffeinated and regular roasted coffee beans in 
stationary culture at 20-37°C and 15-40% water content was 
studied. The growth of biomass was monitored by measuring 
chitin concn and aflatoxins were measured with a Huoroden
sitometer. Decaffeinated roasted coffee beans provided a favour
able substrate for growth and biosynthesis of aflatoxin 8 1• 

Aflatoxin G was not detected. Regular roasted coffee beans 
supported abundant mycelial growth but no aHatoxins were 
detected. 

SPICES 

489 BOER, E. DE; SPIEGELENBERG, w. M.; JANSSEN, F. w. 
Microbiology of spices and herbs. Antonie van Leeuwenhoek 
( 1985) 51 ( 4) 435-438 [En, 8 ref., 4 tab.] Food Inspection Serv., 
P.O. Box 9012, 7200 GN Zutphen, Netherlands. 

The microftora of 150 samples of 54 different spices, spice 
mixtures and herbs from 3 retail suppliers were studied. The 
presence of aflatoxins was not detected in any of the samples. 
The possible antimicrobial activity of 2% (w/v} extracts in 
water and ethanol of 26 spices against Bacillus subtilis, B. 
cereus, Sarcina /utea, Escherichia coli and Saccharomyces cer
evisiae in an agar diffusion test was examined. E. coli and S. 
cerevisiae were not inhibited by any of the extracts. Inhibitory 
activity against one or more of the other test organisms was 
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observed for rosemary, horseradish, basil, ginger, sage, onion, 
allspice and cloves. The growth of some test organisms was 
enhanced by spice extracts. In general, the concentration of 
spices in foods will be too low to give an antimicrobial or a 
growth-stimulating effect which is of practical significance. 

490 SRIVASTAVA, R. K.; CHANDRA, S. Studies on seed 
mycoftora of some spices in India - qualitative and quantitative 
estimations. International Biodeterioration (1985) 21 (1) 19-
25 [En, lO ref., 6 fig.] Dep. Bot., Univ. Allahabad, Allahabad-
21!002, Uttar pradesh, India. 

Seed samples of coriander, cumin, fennel and fenugreek 
showed a heavy fungal infestation ranging from 65 to I 00%. 
The extent of infestation varied with the spices and their vari
eties. Species of Aspergillus, Fusarium, Alternaria, Rhizopus, 
Cladosporium, Chaetomium and Penicillium were the most 
frequent members of the seed mycoHora. 

BEVERAGES 

See also abst. 463 

491 LITTEL, K. J.; LAROCCO, K. A. Bioluminiscent stan
dard curves for quantitative determination of yeast contaminants 
in carbonated beverages. Journal of Food Protection (1985) 48 
(12) !022-1024 [En, 8 ref., l fig., 2 tab.] Food Applications, 
Packard Instrument Co., Downers Grove, IL 60515, USA. 

A simple model system is described for generating standard 
curves relating yeast ATP to conventional colony forming units 
(CFUs). Bioluminescent standard curves were generated by 
spiking commercial cola or diet lemon-lime samples with 
Saccharomyces rouxii ATCC 36141. Yeast cells were concen
trated onto filters under vacuum and A TP was subsequently 
extracted from the cells for analysis. Correlation coefficients for 
each S. rouxii standard curve indicated strong linear relation
ships between A TP and CFU levels (r>0.90). A composite 
standard curve (r=0.97) of data collected from all the S. rouxii
spiked studies predicted yeast levels from spiked cola samples in 
later experiments. When predicted yeast CFU values were plot
ted against conventional yeast CFU values for 3 different yeast 
types, a correlation coefficient of r=0.82 was obtained. 

492 JONG, S. C.; LEE, F. L. The new species Dekkera 
naardenensis, teleomorph of Brettanomyces naardenensis. 
Mycotaxon (1986) 25 (I) 147-152 [En, 15 ref., 2 fig., l tab.] 
M ycol. Dep., American Type Culture Collection, Rockville, 
MD 20852, USA. 

D. naardenensis is described to accommodate the ascoge
nous state of B. naardenensis. ATCC 22075, the type culture of 
B. naardenensis which was isolated from aerated lemonade in 
the Netherlands, is designated as the type. The vitamin
enriched Endothia complete agar medium with a pH of 4-5 is 
most effective for inducing ascospore formation. 

FRUIT AND VEGETABLE JUICES 

493 DAMOGLOU, A. P.; CAMPBELL, D. S. The effect of pH 
on the production of patulin in apple juice. Letters in Applied 
Microbiology (1986) 2 ( l) 9-ll [En, 7 ref., 2 tab.] Agric. Food 
Bacteriol. Res. Div., Dep. Agric., Belfast BT9 SPX, United 
Kingdom. 

The production of patulin by P. [Penicillium] expansum 
growing in apple juice was determined over a range of pH. 
Patulin was found to be produced in large quantities over a 
narrow range of pH from 3.2 to 3.8. The biomass produced 
increased with increasing pH. The changes in pH due to growth 
of the organism were found to be small. 

494 RIET, W. B. VANDER; WALT, W. H. VANDER Effect of 
ionizing radiation on ascospores of three strains of BysM 
sochlamys fulva in apple juice. Journal of Food Protection 
(1985) 48 (!2)1016-1018 [En, 21 ref., l fig.] Natn. Food Res. 
Inst., Council Sci. Industrial Res., P.O. Box 395, Pretoria 0001, 
South Africa. 

Radiation inactivation of the ascospores of 3 strs. (M 68-
79, NRRL 1125 and NRRL 2614) of B. fulva suspended in 
apple juice was investigated. Whereas the ascospores of str. M 
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68-79 were significantly more sensitive to ionizing radiation, 
those of strs. NRRL 1125 and NRRL 2614 did not differ signifi
cantly from one another in this, respect. High numbers of 
ascospores of the more resistant strs. required an absorbed dose 
of approx. 7.2 kGy (95% confidence interval6.7 to 7.9 kGy) for 
inactivation; a decimal reduction dose of approx. 1.2 kGy was 
estimated for these strs. Ascospores of str. NRRL 2614 were 
confirmed as more radiation resistant when a small proportion 
survived an absorbed dose of 5 kGy and spoiled apple juice 
within a 3-month storage period. Although it was possible to 
inactivate B.fulva ascospores at absorbed doses of <10 kGy, it 
is probable that flavour impairment of apple juice, as well as 
cost currently limit the feasibility of this process. 

FRUIT AND VEGETABLES 

See also abst. 697 

495 DESAI, B. B.; SALUNKHE, D. K. Postharvest biotechnol
ogy of fruits and vegetables - prospects and perspectives. 
Maharashtra Journal of Horticulture (1985) 2 (1) 27-36 [En, 
hindi, 42 ref.] Mahatma Phule Agricultural University, Rahuri 
413 722, Maharashtra, India. 

The following aspects are reviewed and discussed: produc
tion technology; quahty at harvest; improved storage environ
ment; chemical conservation; direct post-harvest application of 
nutrient solutions; irradiation; innovations in packaging and 
containerization; and newer processing technology. 

496 SOMMER, N. F.; MITCHELL, F. G. Irradiation as a 
p<>ssible treatment for fruits. Citrograph (1985) 70 (3) 56-59 
[En] Department of Pomology, University of California, Davis, 
USA. 

The potential of gamma-rays for controlling pests in fruit 
and vegetables in the USA, especially California, is discussed, 
and it is concluded that it is unlikely that either the capital 
investment or construction time woUld be available to permit 
rapid expansion of radiation facilities in a crisis. 

497 BROWN, R. E. Approved quarantine treatments: tbe 
Florida situation. Citrograph ( 1985) 70 (3) 64'65 [En] Depart
ment of Plant Industry, Florida Department of Agriculture, 
USA. 

A table is presented showing the requirements for quaran
tine certification of a wide range of fruits and vegetables grown 
in Florida against various insect pests, together with the control 
measures on which such certification is based. 

498 KALRA, J. S.; SOHI, H. S. Fungal diseases of vegetables 
encountered in different markets or Chandigarh. Research Bul
letin of the Panjab University (1985) 36 (1/2) 95-99 [En, 15 
ref., I fig., 1 tab.] Dep. Bot., Panjab Univ., Chandigarh, India. 

Regular surveys of the markets in 1980-84 revealed 78 
postharvest fungal diseases on 36 vegetables. or 23 gen. iso
lated, Alternaria and Fusarium spp. caused the most infections. 

499 PUNAN, M.S.; LAM, P. F.; IBRAHIM, A. A. Effects of 
packinghouse operations on some vegetab1es prior to storage in 
co1d rooms or humifresh refrigeration system. MARDI 
Research Bulletin (1984) 12 (3) 333-340 [En, my, 14 ref., 6 
tab.] Food Techno!. Div., MARDI, Serdang, Selangor, 
Malaysia. 

The suitability of packinghouse operations on vegetables 
(Brassica juncea, Vipna sequipeda/is, cabbage, Chinese cab
bage and tomato) pnor to storage in rooms of the Humifresh 
system were tested. Operations such as sorting, trimmming, 
wiping with a moist cloth, washing, drip drying after washing 
and precooling were very useful in reducing deterioration during 
storage. With proper packinghouse operations, the above vege
tables could be kept for 1, 2, 8, 3 and 2 wk, respectively, c. 70% 
(w/w) of the produce being acceptable for human comsump
tion. Losses were mainly due to water evaporation, physiological 
damage, wilting, yellowing, chilling injury, bacterial soft rot and 
anthracnose. 

500 SEALY, L. H. Post harvest losses- what are they? Are 
tbey important? How to prevent them -(An overview), Journal 
of the Agricultural Society of Trinidad & Tobago (1985) 85 
(2) 12-16 [En, 1 fig.] 
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The high losses sustained in the Caribbean region from post 
harvest disorders and diseases, estimated at 30-40% of annual 
output of fruits, vegetables, roots and tubers arc emphasized 
and the necessity of introducing measures to reduce these losses 
is noted. 

Pome fruit 

501 MILUM, K.; EL SONBATY, M. R.; BURZO, I. [lnHuence 
or some growth regulators on pear storability.] lnfluen!a unor 
tratamente fitohormonale in pa.strare a perelor. Lucrari ~tUn
!ifice, Institutul de Cercetii.ri .fi Proiectiiri pentru Valorijicarea 
~i Industria/izarea Legume/or ~i Fructe/or (1984) 15, 95-101 
[Ro, en, fr, ru, 7 ref.] Institutul de Cercetari §i Proiectari pentru 
Valorificarea §i Industrializarea Legumelor si Fructelor, 
Bucharest, Romania. ~ 

Several growth regulators were applied on different dates 
to William's Bon ChrCtien and Duchesse d'Angouleme trees 
over a 4-year period. The fruits were stored at 0 to 1 °C for 60 
days. Treatment with Alar [daminozide] at 1500-3000 p.p.m. 3 
weeks after fruit set resulted in the least storage losses and good 
fruit quality. Treatments with ethephon (500 and 1000 p.p.m.), 
GA3 (100 and 200 p.p.m.) or 2,4,5-T (100 and 200 p.p.m.) gave 
unsatisfactory results. 

502 GHERGHI, A.; MILUM, K.; DEN~, S.; GANCIU, M. 
[Effect of post-harvest treatment on the performance of apples 
stored in a controlled atmosphere.] Efectul tratamentelor pos
trecoltare asupra comporta.rii Ia pa.strare a mcrclor in conditii de 
atmosfera. controlata.. Lucrari ~tUn!ifice, Institutui de 
Cercetii.ri .fi Proiectii.ri pentru Valorijicarea .ri Industrializarea 
Legume/or ~i Fructe/or (1984) 15, 131-135 [Ro, en, fr, ru, 4 
ref.] 1nstitutul de Cerceta.ri §i Proiecta.ri pentru Valorificarca ~i 
Industrializarea Legumelor §i Fructelor, Bucharest, Romania. 

In 2-year trials, Golden Delicious apples were dipped in 
several fungicide solutions and stored at 0 to 1 °C and 85-90% 
RH for 6-7 months. Treatment with benomyl at 0.1% or 
thiabendazole at 0.2% reduced best the occurrence of Penicil
lium expansum and Botrytis cinerea. By the end of storage the 
residues of all fungicides had decreased to a level well below 
acceptable limits. 

503 MAHABIR SINGH Preliminary studies on tortricid cater
pillar Cacoecia epicyrta (Meyr) feeding on apple fruit. Pesti
cides (1984) 18 (11) 34 [En, 1 ref., 1 fig.] Regional Fruit 
Research Station, Mashobra, Simla-171 007, Himachal 
Pradesh, India. 

The damage caused by the larvae of Cacoecia epicyr/a 
[Archips micaceanus] on apples in the field and in storage at 
Simla, India, is described. The infestation rate was observed to 
increase from 5-6% in the field in August to about 40% in the 
stored fruits in October. Feeding damage began at the calyx end 
and was characterized by fine webbing and the removal of small 
patches of peel; at a later stage, larger portions of peel were 
consumed and the larvae entered the pulp. Preliminary spraying 
of trees in the field before harvest with malathion at 0.05% 
helped to prevent fruit infestation during storage. 

504 AMRANI, N.; NAJIM, L. Contribution to a study of 
microscopical fungal flora of Morocco. II. Alternaria alternata: 
microsclerotia and chlamydospores. Cryptogamie, Myco/ogie 
(1985) 6 (4) 265-270 [En, fr, 12 ref., 8 fig.] Lab. Mycol., Fac. 
Sci., Rabat. Morocco. 

The fungus was isolated from infected apples after harvest 
from the field and 24-48 h after removal from a cold store. 
Microsclerotia and chlamydospores were observed in old, desic
cated cultures on 2% yeast extract medium. 

505 CHIB, H. S.; GUPTA, B. R.; ANDOTRA, P. S.; DAR, C. N. 
E¥aluation of some fungicides for the control of post harvest rots 
of app1e through fungicidal dip in Kashmir. Indian Journal of 
Mycology and Plant Pathology (1983, pub!. 1985) 13 (3) 353-
354 [En, I ref.] Sher-e-Kashmir Univ. Agric. Sci. Techno!., 
Campus Shalimar, Kashmir 191121, India. 

Tecto [thiabendazole], Rovral [iprodione] and Bavistin 
[carbendazim] completely checked blue mould (Penicillium 
expansum) for up to 7 d, while Delan [dithianon], Difolatan 
[captafol], Rovral and thiabendazole were equally effective 
against Rhizopus sp. Black rot (Sphaeropsis ma/orum [Botry
osphaeria obtusa]) was completely inhibited by all the test 
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fungicides except Saprol [triforine] up to 7 d. Thiabendazole 
was the best treatment against all 3 rots and captan the least 
effective. 

506 SPOTTS, R. A.; CERVANTES, L.A. Effects of heat treat
ments on populations of four fruit decay fungi in sodium ortho 
phenylphenate solutions. Plant Disease (1985) 69 (7) 574-576 
[En, 13 ref., 3 tab.] Oregon State Univ., Mid-Columbia Exp. 
Sta., Hod River 97031, USA. 

Conidia of Botrytis cinerea, Mucor piriformis, Penicillium 
expansum or Phialophora malorum did not germinate after 
exposure to 54.4 or 60'C for 1-20 min in sodium pheny1phenate 
[sndium 2-phenylphenolate] solutions. M. piriformis and P. 
expansum conidia in water from pear packinghouse dump tanks 
containing high populations were killed by heating to 54.4' for 
25 min. Heating dump-tank water to 54.4° for 20 min in a 
packinghouse lowered populations of M. piriformis and P. 
expansum. Costs to heat were 77% less than costs to empty, 
clean and refill the II 355 litre tank. 

507 SPOTTS, R. A.; CERVANTES, L.A. Populations, patho
genicity, and benomyl resistance of Botrytis spp., Penicillium 
spp., and Mucor piriformis in packinghouses. Plant Disease 
(I 986) 70 (2) 106-108 [En, 16 ref., 4 tab.] Oregon State Univ., 
Mid-Columbia Exp. Station, Hood River 97031, USA. 

The populations were determined during 2 seasons in air 
and dump--tank water of 9 apple and pear packinghouses. Popu
lations of all fungi varied considerably among packinghouses. 
Spores of P. spp. were more abundant in air and dump water 
than spores of B. spp or M. piriformis. Spores of P. spp. and M. 
piriformis in dump water increased as the packing season 
progressed, suggesting that decaying fruit stored in bins and 
processed later in the season increased propagule levels more 
than did debris brought into packinghouses from orchards early 
in the season. When selected isolates were characterized for 
pathogenicity and virulence on Anjou pear fruit and for toler
ance of benomyl, 60, 72 and 89% of B. spp., P. spp. and M. 
pifl1orrnis isolates, respectively, were pathogenic and the per
centage of pathogenic P. isolates tolerant of bcnomyl increased 
later in the season. Benomyl-tolerant isolates of P. spp. were less 
virulent than benomyl-sensitive isolates. The percentage of 
benomyl-tolerant P. isolates in the Mid-Columbia region of 
Oregon has not increased during the last 5 yr. 

508 PATEL, R. B. Post harvest diseases of apple (Pyrus 
malus) fruits and their control. Indian Journal of Microbiology 
(1984) 24 (2) 142-143 [En, 8 ref.] Dep. Microbial., M.G. Sci
ence lnst., Ahmedabad 380 009, India. 

Aspergillus niger, Rhizopus arrhizus and PenicilliUm di¥
itatum were responsible for most of the decay of apples tn 
Ahmedabad market. Other isolates from rotting fruits included 
Pythium ultimum. Combined chemical treatment and storage 
in a cold room extended storage life, but wax coating of the 
fruits was ineffective. 

509 GULLINO, M. L.; MEZZALAMA, M.; GARIBALDI, A. 
Activity of different fungicides against dicarboximide and/or 
benzimidazole resistant strains of Penicillium expansum and 
Botrytis cinerea on apple. Mededelingen van de Faculteit 
Landbouwwetenschappen Rijksuniversiteit Gent (I 985) 50 
(3b) 1217-1225 [En, 8 ref., 2 fig., I tab.] lstituto di Patologia 
Vegetale, Univ. Torino, Italy. 

The efficacy of 11 fungicides, employed as dipping treat
ments, alone or in combination, was evaluated on apple cv. 
Golden Delicious, inoculated with strs. of both fungi sensitive 
and resistant to dicarboximides and/or to benzimidazoles and 
kept at 25° or 3°C. Benzimidazoles did not control 
benzimidazole-resistant strs., but of the dicarboximides tested, 
metomeclan showed good activity against doubly resistant strs. 
of B. cinerea. The ergosterol biosynthesis inhibitors prochloraz, 
etaconazole, DPX H6573 and imazalil gave the best control of 
sensitive and resistant strs. of each pathogen. 

Stone fruit 

510 , MARKH, A. T.; TATAROV, P. G.; RUDENKO, E. L. 
[Treatment of stone fruits with an iodine-containing prepara
tion.] Konservnaya i Ovoshchesushi/'naya Promyshlennost' 
(1984) No. II, 40-14 [Ru] From Referativnyi Zhurnal, 55 
(Rastenievodstvo), 1985, 4.55.642. 
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To reduce spoilage by microorganisms the fruits were 
treated with preparation MIS (modified iodine-starch). MIS is 
odourless, non-toxic, non-volatile, stable in storage and has no 
unfavourable side-effects. Fruit samples (1-2 kg) were 
immersed in 25 to 600 mgfdm3 MIS for 1-2 minutes and the 
drained fruits were placed in wooden containers and stored at 20 
to 25°C and 80-95% RH. Sweet and sour cherries were stored 
for 2 days, apricots and plums for 4 months, grapes for 6 months 
and tomatoes for 1 month. At the end of the respective storage 
periods losses were 1.8-3.8 times lower than in the controls. 

511 DEKAZOS, E. D. Effects of postharvest treatments on 
ripening and quality of 'Babygold 7' peaches. HortScience 
(I 985) 20 (2) 240-242 [En, 5 ref.] Russell Agricultural 
Research Center, Athens, GA 30613, USA. 

Post-harvest treatments (ethephon or fungicides and/or 
storage conditions) accelerated ripening and colour develop
ment, and produced fruit of high quality as measured by various 
quality parameters. The treated fruits contained a higher leyel 
of carotenoids than tree-ripened fruits and were practically 
decay free. Lycopene accumulation was stimulated in tissue 
treated with chlorophenylthio-triethylamine. Holding at 41 'C 
and 90% ± I% RH for 24 h before dipping in 250 p.p.m. 
ethephon for I minute and ripening at 27° and 90% ± 1% RH, 
was the most efficient method of fruit ripening. 

512 GUPTA, 0. P.; SINGH, B. P.; SINGH, S. P.; CHAUHAN, K. 
S. Effect of calcium compounds as pre-hanest spray on the 
shelf life of peach, cv. Sharbati. Punjab Horticultural Journal 
(1984) 24 (1/4) 105-110 [En, 14 ref.] Haryana Agricultural 
University, Hissar 125 004, India. 

Fruits treated with calcium nitrate or calcium chloride 
were held at room temperature and 65% RH for up to 9 days. 
The least weight loss occurred in fruits treated with 1.5% cal
cium nitrate. The effect of treatments on fruit chemical compo
sition was also determined. The data are tabulated. 

Tropical and Subtropical fruit 

513 WAKS, J.; CHALUTZ, E.; SCIIIFFMANN-NADEL, M.; 
LOMENIEC, E. Relationship among ventilation of citrus storage 
room, internal fruit atmosphere, and fruit quality. Journal oft he 
American Society for Horticultural Science (1985) 110 (3) 
398-402 [En, 25 ref.] Volcani Center, Bet Dagan, 50250, Israel. 

Changes in air composition of the storage atmosphere and 
of the internal atmosphere of the fruit as affected by the ventila
tion rate were studied with the grapefruit cv. Marsh and the 
orange cultivars Shamouti and Valencia. These changes were 
examined in relation to fruit weight loss, ethanol content of the 
juice and rot development during storage periods of up to 5 
months. Rates of ventilation affected the C02 concentrations 
more than the 0 2 levels of both the external and internal atmo
spheres of the fruit. In small-scale tests, ventilation rates as low 
as 10% h-1 of the empty volume of the storage space did not 
cause major changes in the gas composition, nor did they affect 
fruit quality adversely. In commercial tests, however, an 
increased rate of ventilation (70 to 100% h- 1) was needed to 
effect similar results. A reduction in the ventilation rate in com
mercial citrus storage rooms from 150 or 200% h-1 (the rate 
now commonly employed) to 100% h- 1 is recommended. It is 
suggested that the reduced ventilation rate will help lower the 
costs of refrigeration while maintaining good fruit quality. 

514 AGABBIO, M.j SCHIRRA, M. [Evaluation of accumula
tion of thiabendazole in citrus fruit following post-hanrest treat
ments.] Valutazione dell'accumulo di tiabendazolo nel frutto 
degli agrumi in seguito a trattamenti postraccolta. Notiziario 
di Ortoflorofrutticoltura (1984) 10 (4) 139-143 [lt]lstituto per 
lo Studio dei Problemi Bio·Agronomici delle Colture Arboree 
Mediterranee, CNR, Oristano, Italy. 

Oranges (cv. Belladonna), sprayed post-harvest or 
immersed in 1500-3000 p.p.m. thiabendazole for Penicilli11m 
spp. control, had significantly higher residues of thiabendazole 
in the peel than in the albedo. Immersion gave higher residues 
than spraying, but residue levels were less dependent on applica
tion rate and were similar whether the samples were taken 
immediately after treatment or 10 weeks later. All residue levels 
were below the critical limit allowed in Italy. 



515 HASEGAWA, Y.; IBA, Y. [The effects of storage temper
ature on the quality of citrus fruit. II. The effects of pretreatment 
at high temperature.l Bulletin, Fruit Tree Research Station, 
Japan, B (Okitsu) (1984) No. 11,53-61 [Ja, 11 ref.[ Fruit Tree 
Research Station, Okitsu, Shimizu, Shizuoka, Japan. 

In satsuma, the duration of pretreatment required was 
shorter at 20° than at 10°. Loss of fruit weight during storage 
was less after pretreatment at 20° than at 10°, and although 
there was more decay at the beginning of the storage period in 
fruits pretreated at 20° there was less decay towards the end of 
the period. Peel colour was of a deeper orange colour with 20° 
pretreatment and there was no loss of citric acid content. [For 
part I see Horticultural Abstracts 54, 5822] 

516 RAOOF, M. A.; PRAKASH, 0. E•aluation of some fixed 
oils for the control of black rot of mango fruits. Indian Journal 
of Mycology and Plant Pathology (1983, publ. 1985) 13 (3) 
348-349 [En, 2 ref.] Central lnst. Hort. Northern Plains, B 53, 
Sector 'A', Mahanagar, Lucknow 226 006, India. 

All the oils tested were antifungal to Aspergillus niger. The 
best control was given by pure mustard oil (90.57%), followed 
by dalda (88.76%), groundnut oil (87.19%), coconut oil 
(82.33%) and linseed oil (74.04%). Fruits treated with coconut 
oil became discoloured within 24 h and started rotting. 

517 AGGARWAL, V.; KHARA, H. S. Post-infection changes 
induced by Alternaria citri in the fruits of local mandarin. 
Indian Journal of Mycology and Plant Pathology (1983, publ. 
1985) 13 (2) 154·158 [En, hindi, II ref., 2 tab.] Dep. Plant 
Path., Punjab Agric. Univ., Ludhiana, India. 

Infected fruits showed a decrease in total soluble solids, 
ascorbic acids, percentage acidity and total phenols. The 
amounts of sucrose, fructose and glucose were less than in 
healthy fruits. Of the 9 amino acids detected in healthy fruits, 
lysine, glutamic acid, glycine, threonine, proline, phenylalanine 
and valine decreased considerably, while cysteine and leucine 
accumulated in infected tissue. Traces of alanine were found in 
infected but not in healthy fruits. 

518 PENNYCOOK, S. R. Fungal fruit rots of Actinidia 
deliciosa (kiwifruit). New Zealand Journal of Experimental 
Agriculture (1985) 13 (4) 289-299 [En, 38 ref., 12 fig.] Pl. 
Diseases Div., DSIR, Auckland, New Zealand. 

Current knowledge of the symptoms, aetiology, and control 
of the 3 main fungal rots of kiwifruit in New Zealand is 
reviewed. Field rot, caused by Sclerotinia sc/erotiorum, affects 
immature fruits on the vines. Storage rot, caused by Botrytis 
cinerea, affects harvested fruits during cold storage. Ripe rot, 
caused by Botryosphaeria dothidea, affects harvested fruits 
during post-storage ripening. 

519 GARDNER, P. D.; ECKERT, J. W.; BARITELLE, J. L.; BAN· 
CROfT, M. N. Management strategies for control of Penicil
lium decay in lemon packinghouses: economic benefits. Crop 
Protection ( 1986) 5 (I) 26-32 [En, 18 ref., 5 fig., 2 tab.] Dep. 
Soils Environ. Sci., Univ. California, Riverside, CA 92521, 
USA. 

Problems in the continued use of fungicides for control of 
postharvest pathogens on citrus are discussed. A strategy for 
decay control tested and compared in 3 cent. California pack
inghouses involved a multifaceted programme of packinghouse 
redesign, daily sanitation and regular monitoring of P. spores in 
the atmosphere. Results indicate that the isolation of spores by 
segregation of decayed fruit can be more effective and economi
cally efficient than increased fungicide use or additional atten
tion to cleansing and sanitation alone. 

520 PATEL, R. B.; GOSWAMI, N. P. Post harvest diseases of 
mango fruits (Mangifera indica) and their control. Indian Jour
nal of Microbiology (1984) 24 (2) 140-141 [En, 9 ref.] Dep. 
Microbiol., M.G. Science lnst., Ahmedabad 380 009, India. 

Among isolates from rotting fruits in Ahmedabad market, 
Aspergillus niger and Rhizopus arrhizus caused the most dam
age. Storage life was extended by wax coating of fruits and 
storing at low temp. 
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521 BROWN, G. E.; WARDOWSKI, W. F. Use of chlorine and 
chlorine dioxide in Florida citrus packinghouses to reduce inocu
lum of decay pathogens. Proceedings of the Florida State Hor
ticultural Society ( 1984, pub!. 1985) 97, 97-100 [En, 17 ref., I 
fig., 6 tab.] Florida Dep. Citrus, Sci. Res. Dep., Univ. Florida, 
Lake Alfred, FL, USA. 

Water and packinghouse machinery used to handle citrus 
fruit frequently become contaminated with inoculum of Penicil
lium digitatum and Geotrichum candidum. To reduce citrus 
fruit decay caused by these fungi, chlorine has been used more 
extensively the past 2 seasons than in previous years by the 
Florida industry. A survey of various commercial chlorine appli
cations showed that, in many instances, proper control of pH 
and chlorine concn was not maintained for max. biocidal activ
ity and min. corrosion of equipment. Spray applications of free 
chlorine (200 !lg/ml) c. pH 7 for 15 s killed spores of P. dig
itatum on surfaces of healthy fruit, but not spores present in a 
sporulating lesion. Under similar conditions, G. candidum was 
not affected at < 1000 I'& Clfml. Studies with chlorine dioxide 
(CI02) showed that stability of this material decreased as stor
age temp. increased. Inoculum of P. digitatum and G. 
candid urn in a commercial soak tank was reduced by maintain
ing 5-10 !'Simi of available Cl02 in the tank. Effectiveness of 
CI02 was affected less by pH than chlorine. Demand for Cl02 
was related to the dump rate and cleanliness of the fruit. 

522 KITAGAWA, H.; KAWADA, K. Effect of sorbic acid and 
potassium sorbate on the control of sour rot of citrus fruits. 
Proceedings of the Florida State Horticultural Society (1984, 
pub!. 1985) 97, 133-135 [En, 15 ref., 3 fig., 5 tab.] Kagawa 
Univ., Miki, Kagawa 761-07, Japan. 

In agar culture tests, when pH of the media was not 
adjusted, sorbic acid (SA) was nearly as effective as sodium [2-
phenylphenolate] (SOPP) against sour rot (Geotrichum 
candidum), but potassium sorbate (SK) was less effective. 
When pH of the media was adjusted, the effectiveness of SA and 
SK was the same and both were better than SOPP at < pH 5. 
SK (2%) effectively controlled the rot on inoculated lemons. 
When it was applied as a 2 min 50°C water dip, it was at least as 
effective as SOPP. The use of these substitutes for SOPP in 
citrus for the Japanese market, where the latter is a banned food 
additive, is discussed. 

523 SMITHWICK, C. M.; KAPLAN, H. J. The relationship 
between OPP residues, fruit condition, and decay rates of 
oranges and lemons. Proceedings of the Florida State Horticul
tural Society (1984, pub!. 1985) 97,335-337 [En, II ref., 2 fig., 
2 tab.] Pennwalt Corporation, Decco Tiltbelt Div., Monrovia, 
CA 91016, USA. 

The postharvest fungicide o-phenylphenol [2-phenylphe
nol] has been used in citrus packinghouses as a sanitizer and 
decay control agent for nearly 30 yr. The efficacy of the treat
ment and desired residue levels have been disputed since· its 
antifungal properties and penetration into the intact rind have 
not been adequately quantified. Some California shippers have 
contended that min. residue levels are mandatory to prevent 
decay during transit and marketing. Oranges and lemons were 
mechanically injured and treated with 2-phenylphenol at 1, 1.5 
and 2%. Mechanical injuries and higher concn of the treatment 
solution yielded higher residues but did not improve decay con
trol. These residues were cone. at the injury site. No significant 
relationship could be drawn between residue level and decay 
control. Application rates > 1.5% increased the likelihood of 
chemical injury. 

Soft fruit 

524 MCNICOL, R. J.; WILLIAMSON, B.; DOLAN, A. Infec
tion of red raspberry styles and carpels by Botrytis cinerea and 
its possible role in post-harvest grey mould. Annals of Applied 
Biology (1985) 106 (I) 49-53 [En, 23 ref., 2 pl.] Scottish Crop 
Res. lnst., lnvergowrie, Dundee DD2 5DA, United Kingdom. 

Infection of emasculated flowers occurred in the lab. when 
dry conidia were dusted on to receptive stigmas. The conidia 
germinated in the stigmatic fluid of both non-pollinated flowers 
and flowers pollinated before inoculation; their germ tubes then 
penetrated the stigma and hyphae grew intercellularly through 
the transmitting tissues of the style to enter the carpel within 7 
d. The possible roles of stylar infections and endophytic myce
lium arc discussed in the context of grey mould development. 
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Grapes 

See also abst. 510 

525 SHAROM, M. S.; EDGINGTON, L. V. Temperature 
dependent negatively correlated cross-resistance between beno
myl and diphenylamine for Botrytis cinerea, Gerlachia nivalis, 
and Monilinia fructicola. Canadian Journal of Plant Pathol
ogy (1985) 7 (4) 389-394 [En, fr, 19 ref., I fig., 8 tab.] Dep. 
Environ. Bioi., Univ. Guelph, Guelph, Ont. N I G 2WI, Canada. 

Benomyl tolerant isolates of B. cinerea, G. 
[Monographella] niva/is and Moniliniafructico/a proved more 
sensitive to diphenylamine than benomyl-sensitive Isolates. The 
diphenylamine EC50 values of the tolerant isolates decreased 
with decreasing temp. Grapes treated with diphenylamine were 
susceptible to the benomyl-sensitivc isolates of B. cinerea. Con
trol of the disease induced by benomyl-tolerant isolates 
depended on the residue levels of diphenylamine on the grapes. 
Grapes treated with technical diphenylamine contained higher 
surface residues than those treated with the formulated prod
ucts. Combinations of diphenylamine and benomyl provided 
better control of the disease on grapes stored at 4 oc than at 14 
or 20°. 

Melon, Pumpkin, etc. 

526 UPADHYAYA, G.; ROY, A. N.; AGARWAL, R. K. Meta
bolic changes during pathogenesis of fruit rot diseases of 
ashgourd. Indian Journal of Mycology and Plant Pathology 
(1983, pub!. 1985) 13 (2) 203-204 [En, I ref.] Plant Dis. Lab., 
Bot. Dep., Agra Coli., Agra, India. 

The results are presented of changes in sugars, amino acids 
and organic acids in fruits of Benincasa hispida infected with 
Fusarium so/ani and F. moniliforme [Gibberel/afujikuroi]. 

Tomato, etc. 

See also abst. 510 

527 RISSE, L. A.; MILLER, W. R.; BEN-YEHOSHUA, S. 
Weight loss, firmness, colour and decay development of individu· 
ally film-wrapped tomatoes- Tropical Science (1985) 25 (2) 
117-121 [En, 8 ref.] US Horticultural Research Laboratory, 
ARS, USDA, Orlando, FL 32803, USA. 

Ethylene-treated mature green tomatoes (cv. FTE-12) 
were individually wrapped in heat-shrinkable plastic films and 
stored for 1·3 weeks at 13°C, then stored at 21° for 7 days. 
Wrapped tomatoes had significantly less weight loss and were 
firmer than nonwrapped tomatoes. Decay development due to 
alternaria rot [Alternaria so/ani or A. tomato]. bacterial soft 
rot [Erwinia carotovora subsp. carotovora] and sour rot 
[Oospora lactisj=Geotrichum candidum] was similar for non
wrapped and wrapped tomatoes during storage and subsequent 
holding. External colour development was the same for non
wrapped and wrapped tomatoes; but internal colour develop
ment was greater for nonwrapped tomatoes than for wrapped 
tomatoes when stored for 1, 2 or 3 weeks at 13 o. or for I week at 
13° plus 7 days at 21°. C2H4 and C02 concentrations in the 
periphery of wraps were similar in the two films tested, Clysar 
EHC-50- copolymer film and HDPE-100 high density polyeth
ylene film. 

528 MILLER, W. R.; SPALDING, D. H.; RISSE, L.A.; CHEW, V. 
The effects of an imazalil-impregnated film with chlorine and 
imazalil to control decay of bell peppers. Proceedings of the 
Florida State Horticultural Society (1984, pub!. 1985) 97, I OS
III [En, 15 ref., 2 tab.] USDA, Agric. Res. Serv., Orlando, FL 
32803, USA. 

The peppers (Capsicum annuum) were treated with a chlo
rine andjor imazalil dip, and either individually wrapped in an 
imazalil-impregnated heat-shrinkable plastic film or left 
unwrapped, then held in storage and exammed for decay after I, 
2and 3 wkat 7.2•Cand a further 5 dat 15.6•. Bacterial soft rot 
(BSR) was the most prevalent decay identified but fungal decay 
caused by Alternaria sp. and Botrytis sp. developed to a lesser 
extent following 3-wk storage. No treatment effectively con
trolled the development of BSR. The imazalil film alone and 
imazalil dip (500 p.p.m.) alone significantly reduced the inci
dence of fungal rot but film wrapping increased the incidence of 
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BSR compared with nonwrapping after 3 wk at 7.2• + 5 d at 
15.6°. The imazalil film and imazalil dip in combination was 
more effective in reducing fungal decay than each alone. Colour 
development was slowed after 3 wk at 7.2• + 5 d at 15.6° and 
pod softening was consistently retarded in wrapped treatments. 

Root vegetables 

See also abst. 424 

529 !ORDACHESCU, C.; FUGEL, S.; MIHAILESCU, N.; RADOI, V. 
[Studies on the performance of onions in low temperature storage 
in relation to cultural practice and fertilization.] Cercetari 
privind comportarea Ia pastrarea frigorifica a cepei in func!ie de 
tipul de cultura ~i de regimul de fertilizare. Lucrari ~tiin!(fice, 
Jnstitutu/ de Cercettiri .ri Proiecttiri pentru Va/orijicarea .fi 
lndustrializarea Legume/or~i Fructelor (1984) 15,81-88 [Ro, 
en, fr, ru. 7 ref.] lnstitutul de Cerceta.ri §i Proiecta.ri pentru 
Valorificarea ~i Industrializarea Legumelor §i Fructelor, 
Bucharest. Romania. 

In 3-year trials with the cv. Gigant der Stuttgart the plants 
(from setts or sowing) were grown at different NPK rates and 
after harvest the bulbs were stored at -1 to+ I •c for up to 240 
days. The least storage losses occurred in bulbs grown from seed 
and fertilized with N, P20 5 and K20 at 80:40:40: kgfha. 

530 HODGES, R. J.; MEIK, J.; DENTON, H. Infestation of 
dried cassava (Manihot esculenta Crantz) by Prostephanus trun· 
catus (Horn) (Coleoptera: Bostrichidae). Journal of 'Stored 
Products Research (1985) 21 (2) 73-77 [En, 12 ref.] Tropical 
Development & Research Institute, Storage Department, 
Slough, Berks, SL3 7HL, United Kingdom. 

Stored dried cassava is known to become heavily infested 
by Prostephanus truncatus. A field study was undertaken in 
Tanzania to determine the extent of losses that this pest could 
cause in fermented and unfermented dried cassava roots stored 
over a period of about 4 months. In fermented roots, the mean 
weight loss ( ± s.d.) rose to 73.6 ± 25.9% over this period 
compared with 52.3 ± 12.0% in unfermented roots. At each 
time interval that roots were examined, the weight loss in fer
mented roots was significantly higher. In laboratory studies, P. 
truncatus developed at a similar rate in both fermented and 
unfermented roots, but the adults appeared to prefer the fer
mented cassava, possibly because it was easier to bore into. 
Although P. truncatus caused lower weight loss in the unfer
mented compared with the fermented roots. both were so heav
ily damaged that one could not be recommended for storage 
rather than the other. The role of cassava as an intermediate 
host for P. truncatus is discussed, and consideration is given to 
the need to control the beetle in cassava in order to reduce cross
infestation to maize. 

531 ARINZE, A. E. The action of polygalacturonase and 
cellulase enzymes of Botryodiplodia theobromae Pat. on yam 
(Dioscorea spp.) and sweet potato (Ipomoea batatas) tissues. 
Phytopatho/ogische Zeitschrift (1985) 114 (3) 234-242 [En, 
de, 16 ref., 5 tab.] Dep. Pure Applied Bioi., Imperial Coli., 
London, United Kingdom. 

A crude pectic enzyme preparation and the purified endo
polygalacturonase isoenzyme PG3 macerated and killed the 
cells of both yam and sweet potato slices, although the latter did 
so at a faster rate. Purified cellulase neither macerated nor 
killed cells from either plant. Although the action was delayed, 
the crude preparation of cellulase macerated slightly and killed 
the cells of sweet potato; yam tissue was killed but not macer
ated. Plasmolysis of the cells of both tissues delayed the toxicity 
and macerating action of crude and purified PG3. This delay in 
celt death was, however, not observed when plasmolysed cells 
were treated with the crude cellulase preparation. An attempt 
was made to separate the toxic factor from the crude cellulase 
preparation, but it could not be located in vivo. 

532 WEERASINGHE, B.; NAQVI, S. H. Z. Some comparative 
physiological studies on selected isolates of Botryodiplodia the
obromae Pat. causing storage rot of yams cassava and sweet 
potato in Nigeria. International Biodeterioration (1985) 21 (3) 
225-228 [En, II ref., I fig., I tab.] Dep. Bot., Open Univ., 
Nawala, Sri Lanka. 

Host specificity of 3 isolates of B. theobromae from yam, 
cassava and sweet potato is reported. Physiological differences 
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between the yam and sweet potato isolates were established in 
their growth on selected sugars, pattern of extracellular enzyme 
production and pathogenicity under different temperature and 
relative humidity regimes. 

Potato 

533 0JERO, M. F. 0.; MUEKE, J. M. Resistance of four 
potato varieties to the potato tuber moth, Phthorimaea 
operculel/a (Zel1.) in storage. Insect Science and its Application 
(1985) 6 (2) 205-207 [En, 10 ref.) National Agricultural Labo
ratories, PO Box 14035, Nairobi, Kenya. 

Insect-free tubers of 4 varieties of potatoes were exposed to 
adults of Phthorimaea operculella for 14 days in uncontrolled 
conditions of storage in Kenya and were examined after 16 days. 
No statistically significant differences in the percentage of pota
toes infested (62.50-86.25%) were found, but significant differ
ences in the mean length of larval tunnels and the mean 
numbers of larvae surviving in 10 tubers were found. Mean 
tunnel lengths (in em) were 44.65 in Kenya Baraka, 95.33 in 
Anett, 88.33 in Kerrs Pink and 104.23 in Roslin Gucha. The 
corresponding mean numbers of larvae surviving were 6.75, 
I 1.25, 15.75 and 18.00. Thus, Roslin Gucha was the least resis
tant and Kenya Baraka the most resistant. The mechanism of 
resistance was probably antibiosis. 

534 NOTERMANS, S.; DUFRENNE, J.; KEYBETS, M. J. H. Use 
of preservatives to delay toxin formation by Clostridium botu
linum (type B, strain Okra) in vacuum-packed, cooked potatoes. 
Journal of Food Protection (1985) 48 (10) 851-855 [En, 19 
ref., I fig., 3 tab.) Lab. Water Food Microbiol., Natn. Inst. 
Public Health Environmental Hygiene, P.O. Box 1, 3720 BA 
Bilthoven, Netherlands. 

Dipping potatoes in a solution of ascorbic and citric acid 
before vacuum-packing and cooking (95°C for 50 min) inhib
ited growth and toxin production by pra:teolytic C. botulinum 
type Bat an incubation temp. of 15°C for 70 d and at 20°C for 
at least 14 d. This preservative treatment also resulted in an 
organoleptically acceptable product with a prolonged shelf life. 
Risk analysis showed that the presence of C. botulinum in vac
uum-packed, cooked potatoes may be expected, i.e. 1 spore in 
each 1585 kg of product. A preservative treatment with a com
bination of ascorbic and citric acid will limit the public health 
risk even if the potato product is accidently stored for a short 
time at a temp. higher than 4 °C. 

Green and salad vegetables 

535 LILL, R. E. Asparagus: controlled atmosphere storage. 
New Zeg/and Commercial Grower (1984) 39 (10) 37 [En] 
Horticultural Research Centre, MAF, Levin. New Zealand. 

Rut~ers Beacon asparagus was pre-cooled and stored at 0°-
1 oc in dtfferent controlled atmospheres for up to 6 weeks. Shelf 
life declined from 9 days for fresh spears to 2 days after 4 weeks' 
storage. The different atmospheres did not affect storage life. 
Spears stored in 15% C02 + 10% 0 2 for 2 weeks and assessed 
after 2 days' shelf life had slightly better flavour than those 
stored in air. Tip rot [unspecified) was a major storage problem. 

536 TA~CA, G.; TRANDAF, F. (Efficacy of pre-harvest treat
ment with fungicides in reducing cabbage decay during storage.] 
Eficacitatea tratamentelor prerecolta cu fungicide asupra 
reducerii putrezirii verzei in timpul pa.stra.rii. Lucrarl ~tiin
!iftce, lnstitutul de Cercetdrl ~l Proiectliri pentru Va/orificarea 

fi Industrializarea Legume/or ~i Fructelor (1984) 15, 89-93 
Ro, en, fr, ru, 5 ref.] Institutul de Cercetari §i Proiectari pentru 

Valorificarea §i Industrializarea Legumelor §i Fructelor, 
Bucharest, Romania. 

In field trials with the cv. Licuri~ca. the plants were treated 
with several fungicides and the heads were stored at 0 to I oc for 
136 days. The lowest storage losses (3.1-3.5%) (due mainly to 
Alternaria brassicae, Botrytls cinerea and Rhlzopus sto/onifer) 
occurred after treatment with mancozeb (0.2%) or folpet 
(0.2%). Losses in the control were 28.4%. 
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537 KIEWNICK, L. [Phytophthora porri Foister as the cause 
of a storage rot in Chinese cabbage.[ Phytophthora porri Foister 
als Ursache einer Lagerfaule bei Chinakohl. Nachrichtenblatt 
des Deutschen Pj/anzenschutzdienstes (I 985) 37 (9) 136-137 
[De, en, 5 ref., 4 fig., I lab.) Landwirtschaftskammer Rhein
land, Pflanzenschutzamt Bonn, Bonn, German Federal 
Republic. 

The disease of stored Chinese cabbage was first observed in 
the GFR in 1983 and in Feb. 1985 further heavy damage was 
recorded. A short description is given of the disease symptoms, 
morphological and cultural characters of the pathogen, host 
plants as reported in the literature, and cultural control mea
sures. Chemical control possibilities are not known. 

538 SADDIK, M. F.; EL-SHERBEENY, M. R.; BRYAN, F. L. 
Microbiological profiles of Egyptian raw vegetables and salads. 
Journal of Food Protection (1985) 48 (10) 883-886 [En, 13 
ref., 3 tab.) Nutr. Inst., Min. Health, Cairo, Egypt. 

Samples (250) of raw vegetables and salads, collected from 
hotels, restaurants, small foodservice shops, markets and street 
vendors, were tested. Salmonella was isolated from 2 samples of 
green leafy vegetables and I sample of mixed salad. Shigella 
was isolated from 1 sample of greens, 1 of parsley and 3 of mixed 
salads. Most samples of raw vegetables and salads were at either 
room or outside temp. just before sampling. Eighty percent of 
the samples had aerobic colony counts> 106 CFUfg. Three of 
36 samples tested contained c. 1 X 103 Staphylococcus 
aureusfg. 

539 JENNRICH, H. Ronilan-smoke, a new vinclozolin formu
lation for the control of Botrytis cinerea and other diseases in 
greenhouses and storage rooms. Mededelingen van de Faculteit 
Landbouwwetenschappen Rijksuniversiteit Gent (1985) 50 
(3b) 1227-1233 [En, de, I ref., 8 fig.) BASF AG, Landwirt
schaftliche Versuchssta., Limburgerhof, German Federal 
Republic. 

Good results were achieved using Ronilan Smoke to control 
B. cinerea on ornamentals and vegetables in greenhouses and 
Alternaria brassicae on stored cabbage. 

FISH AND SEAFOOD 

540 CHANDRASEKARAN, M.; LAKSHMANAPERUMALSAMY, P.; 
CHANDRAMOHAN, D. Trimethylamine oxide reducing bacteria 
in Penaeus indicus stored at different temperatures. Current 
Science. India (1985) 54 (16) 804-805 [En, 11 ref., 1 tab.) Dep. 
Appl. Chern., Cochin Univ., Cochin 682 022, India. 

P. indicus, collected live from Cochin backwater, were 
killed by shock treatment, thoroughly washed with sterile saline 
and stored at different' temperatures. Samples were periodically 
drawn and analysed for spoilage. The presence of a high per
centage of Vlbrio, Pseudomonas and Acinetobacter in prawns 
during storage at various temperatures and the presence of the 
maximum percentage of trimethylamine oxide-trimethylamine 
reducers in these groups suggest their dominant role in the rapid 
deterioration of prawns and increase in the TMA content durmg 
storage. 

541 PELROY, G. A.; SCHERER, A.; PETERSON, M. E.; 
PARANJPYE, R.; EKLUND, M. W. Inhibition of Clostridium 
botulinum type E toxin formation by potassium chloride and 
sodium chloride in hot-process (smoked) whitefish (Coregonus 
c/upeaformis). Journal of Food Protection (1985) 48 (I I) 971-
975 [En, 26 ref., 3 fig., 2 tab.) U.S. Dep. Commerce, Natn. 
Marine Fisheries Serv., Seattle, WA 98112, USA. 

Whitefish steaks were brined in NaCI, KCI or cquimolar 
NaCI:KCI to contain similar chloride ion concn and inoculated 
intramuscularly with 10 or 100/g spores of C. botulinum type 
E. Steaks were then heated in a simulated hot-smoke process to 
internal temp. of62.8°-76.7°C for the final30 min of a 2- to 3-h 
process, packaged under vacuum in oxygen-impermeable film, 
and stored at 25°C. During 7 d of storage, toxin production was 
inhibited in steaks containing> 0.66 ionic strength NaCl, 0.64 
KCI, or 0.71 equimolar NaCI:KCI. It is concluded that it is 
feasible to substitute KCI for NaCI in hot-process smoked fish 
for inhibition of outgrowth and toxin production by C. botu
linum type E. 
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542 MADDEN, R. H.; BULLER, H.; MCDOWELL, D. W. 
Clostridium perfringens as an indicator of hygienic quality of 
depurated shellfish. Journal of Food Protection (1986) 49 (1) 
33-36 [En, 22 ref., 1 map, 3 tab.] Dep. Agric., Agric. Food 
Bacterial. Res. Div., Belfast, BT9 5PX, UK. 

A comparison of the recoveries of Clostridium perfringens, 
Escherichia coli and Streptococcus faeca/is from naturally and 
artificially contaminated mussels and oysters was made. Only C. 
perfringens was regularly recovered from naturally contami
nated shellfish. Laboratory studies showed that this was due to 
C. perfringens spores retaining viability significantly longer 
than vegetative cells of the other organisms tested, under marine 
conditions. Over 97% of presumptive C. perfringens colonies 
were confirmed as positive. A survey of mussels at 24 sites, over 
c. 60 km of coastline, found C.,erfringens at 23 but E. coli at 
only 2 of the sites. It is suggeste , therefore, that enumeration of 
C. perfringens can indicate faecal pollution where enumeration 
of £. coli shows none. Also, confirmation of presumptive colo· 
nies may not be required, rendering enumeration more rapid. 
Despite the greater persistence of C. perfringens spores, studies 
in a commercial depuration tank showed that oysters were 
cleansed to an acceptable level using a standard 48·h immer· 
sion. Depuration was found to be essential because all 3 orga
nisms tested survived for a considerable period of time in oysters 
stored dry at 4°C, which is normal commercial practice. 

MEAT 

See also absts. 394, 399, 697 

S43 FUKUSHIMA, H. Direct isolation of Yersinia enter
ocolitica and Yersinia pseudotuberculosis from meat. Applied 
and Environmental Microbiology (1985) 50 (3) 710-712 [En, 
II ref.] Pub!. Hlth lnst., Nishi-Hamasada, Matsue, Shimane 
690-01, Japan. 

Virulent Y. enterocolitica and Y. pseudotuberculosis in 
pork contaminated with 102, 104 cells per g survived the direct 
KOH treatment and were never recovered by using KOH pos
tenrichment treatment. From 6 (4.8%) of !25 samples of retail 
ground pork, four biotype 4 serotype 03 and one biotype 3B 
serotype 03 strains of Y. enterocolitica and one Y. pseudotuber
culosis serotype 4b strain were recovered by using direct KOH 
treatment without enrichment. As these isolations were attained 
without using enrichment cultural procedures, they represent an 
important time-saving alternative to simplify and speed isola
tion of Yersinia spp. from meat. 

544 NORTJ~, G. L.; NAUMANN, H. D.; LAUBSCHER, A.; 
GROBLER, 1.; NAUD~, L.; 00STHUIZEN, W. (ET AL) Effects of 
exercise, electrical stimulation and vacuum packaging on bacte
rial counts and tenderness of fresh beef primal cuts. Journal of 
Food Protection ( 1985) 48 ( 12) I 036-1039 [En, 15 ref., 5 fig., I 
tab.] Anim. Dairy Sci. Res. Ins!., Private Bag X2, Irene 1675, 
South Africa. 

Two wholesale cuts from 8 steers were used. Four steers 
were artificially stressed and the right side of all carcasses was 
electrically stimulated. Primals were cut into 3 equal portions 
after 72 h post slaughter, chilling at approx. 4°C, and were 
vacuum packaged. No microbial differences (P>0.05) were 
found between primals within treatments. Primals from stressed 
carcasses had higher pH values (P<O.O!) and psychrotrophic, 
lactobacillus, anaerobic and aerobic counts than from non
stressed carcasses. Lactobacilli did not dominate the microbial 
population. Electrical stimulation and the cuts used had an 
mfluence on shear force values. It is suggested that animals 
should be well rested before slaughter. 

545 SMITH, L. B.; Fox, T. L.; BUSTA, F. F. Comparison ofa 
dry medium culture plate (Petrifilm SM plates) method to the 
aerobic plate count method for enumeration of mesophilic aero
bic colony-forming units in fresh ground beef. Journal of Food 
Protection (1985) 48 (12) 1044-1045 [En, 4 ref., I fig.] Dep. 
Food Sci. Nutr., Univ. Minnesota, St. Paul, MN 55108, USA. 

Petrifilm SM Plates (PSM) were compared with the con
ventional aerobic plate count (APC) method using standard 
methods agar (SMA). Total colony-forming units were deter
mined in 119 fresh ground beef samples (29 extra-lean, 30 lean 
and 60 regular) purchased at 9 different retail markets over a 
period of 6 weeks. Linear regression analysis of PSM vs. APC 
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counts gave a slope of 0.963, an intercept of -0.02.7, and a 
correlation coefficient of 0.951. Mean log10 counts on PSM were 
5.86 compared to 6.11 on SMA (P<0.01) or a mean log10 
difference of -0.25. It is suggested that the Petrifilm SM 
method would be a possible alternative for the aerobic plate 
count method. 

546 STERN, N. J.; CUSTER, C. S. Salmonella growth in 
cooked beef at selected cooling rates. Journal of Food Protec
tion (1985) 48 (12) 1046-1049, 1053 [En, 6 ref., 4 fig., 2 tab.] 
Meat Sci. Res. Lab., Beltsville Agric. Res. Cent., Agric. Res. 
Serv., USDA, Beltsville, MD 20705, USA. 

TwoS. strs. showing resistance to multiple antibiotics were 
compared with a susceptible str., and were shown to be similar 
in growth capabilities. These antibiotic resistant strs. were inoc
ulated in ground beef or beef cubes. In experiments simulating 
precooking contamination, heavily inoculated (109 CFU/g) 
ground beef meatballs were cooked to 63°C and cooled to either 
23 or 4° within 2-6 h. Increases in the numbers of the surviving 
pathogen were small (ca. 0.1 log10/g) when the product was 
cooled to 4 ° within 2 h. Surviving salmonellae increased greater 
than tenfold when the meats were cooled over intervals of 6 h. A 
4-h cooling interval permitted an intermediate growth rate. S. 
sp. held in ground beef at 23 ° for 6 h showed less than l-log10 
increasejg. Experiments with S. sp. inoculated onto the surface 
of beef cubes after cooking also indicated that the 2-h cooling 
interval prevented substantive proliferation. 

547 CilONG, C. E.; LAN, Y. Q. Microbiological quality of 
fresh, chilled and frozen meat. MARDI Research Bulletin 
(1984) 12 (3) 380-389 [En, my, 11 ref., 6 tab.] Food Techno!. 
Div., MARDI, Serdang, Selangor, Malaysia. 

Analyses were carried out to study the microbiological 
quality of fresh, chilled and frozen chicken and beef available in 
the local market. Results showed that av. initial total viable 
counts were high, in excess of I 06 /g for all 6 types of sample. 
Although Salmonella was not detected in any of the samples 
examined, the occurrence of coliforms and Staphylococcus 
aureus was quite common. Storage at soc for 1 week was most 
suitable for the samples, as the microbial counts increased and 
spoilage was apparent in most of the samples. On the other 
hand, none of the samples stored at -18° was spoilt. The results 
indicate poor handling of the samples somewhere along the 
processing line, up to the retail outlet. It is essential that hygiene 
and sanitation procedures currently observed be upgraded to 
ensure better quality products. 

548 VANDERZANT, C.; HANNA, M. 0.; EHLERS, J. G.; SAVELL, 
J. W.; GRIFFIN, D. B.; JOHNSON, D. D. (ET AL) Methods of 
chilling and packaging of beef, pork and lamb variety meats for 
transoceanic shipment: microbiological characteristics. Journal 
of Food Protection (1985) 48 (9) 765-769 [En, 8 re4, 2 tab.] 
Dep. Animal Sci., Texas Agric. Exp. Sta., Texas A&M Univ., 
College Station, TX 77843, USA. 

The effect of various initial chilling treatments on the num
bers and types of microorganisms of beef, pork and lamb 
tongues (n = 60) and livers (n = 60) packaged either in polyeth
ylene (PE) film or in vacuum packages in Texas and transported 
fresh·chilled via transoceanic shipment to Antwerp, Belgium, 
was evaluated. Initial chilling treatments included: cooler-tem
pered (4-6 hat 2°C), cooler-chilled (24 hat 2°), freezer-tem
pered (0.5-1 h at -20°), freezer-chilled (2 h at -20°), ice
chilled (2 h in ice water slush) and no prechilling (NPC) before 
packaging and subsequent refrigerated storage at 2°. After the 
initial chilling treatments, the microflora was varied with 
Micrococcus spp. with or without coryneform bacteria being the 
predominant bacterial types of most samples. After refrigerated 
storage for 13-15 d. lactic acid bacteria became dominant in 
most vacuum-packaged samples and in pork and lamb samples 
stored in PE film. Brochothrix thermosphacta and 
Pseudomonas spp. constituted a greater part of the microAora 
of beef tongues and livers stored in PE film than that of compa
rable vacuum-packaged samples. Increases in aerobic plate 
counts of refrigerated vacuum-packaged samples nearly always 
were greatest for samples (NPC) that were not pre-chilled 
before packaging and usually were smallest for samples that 
were either freezer-chilled, freezer-tempered or ice-chilled. 

' I 



549 BRACEWELL, A. J.; REAGAN, J. 0.; CARPENTER, J. A.; 
BLANKENSHIP, L. C. Incidence of Campy/obacter jejunijco/i 
on pork carcasses in the northeast Georgia area. Journal of 
Food Protection (1985) 48 (9) 808-810 [En, 21 ref., 2 tab.] 
Food Sci. Dep., Univ. Georgia, Athens, GA 30602, USA. 

Freshly slaughtered pork carcasses ( 112) from 3 packing 
plants were sampled before and after chilling for the presence of 
C. jejunifcoli by the use of 2 isolation methods (Preston enrich
ment and Skirrow direct plating). Preston enrichment media 
gave the highest isolation rate, 12.5%, on freshly slaughtered 
carcasses. No isolations were obtained from chilled carcasses. 
More isolates were obtained from the ham skin area compred 
with the jowl area. All isolates were confirmed as C. coli. 

550 AYAZ, M.; OTHMAN, F. A.; BAHARETH, T. 0.; AL
SOGAIR, A. M.; SAWAYA, W. N. Microbiological quality of 
shawarma in Saudi Arabia. Journal of Food Protection (1985) 
48 (9) 811-814 [En, 19 ref., 5 tab.] Reg. Agric. Water Res. 
Cent., Min. Agric. Water, P.O. Box 17285, Riyadh, Saudi Ara
bia 11484. 

A total of 108 shawarma (cooked meat) samples, aspeti
cally collected from various fast-food restaurants in Riyadh, 
were examined for determination of aerobic plate count (APC), 
and counts of coliforms, Staphylococcus aureus, Clostridium 
perfrinffns and the detection of salmonellae. The APC ranged 
from 10 to 3 X 108 CFU/g. The counts for coli forms, S. aureus 
and C. perfringens ranged from< 10 to 106, < 10 to 105 and< 
10 to 106 CFUfg, respectively. Twelve percent of samples was 
positive for Salmonella spp. It is suggested that foodborne 
pathogens present in shawarmas constitute a potential public 
health hazard. 

551 WOOLTHUIS, C. H. J.; SMULDERS, F. J. M. Microbial 
decontamination of calf carcasses by lactic acid sprays. Journal 
of Food Protection (1985) 48 (10) 832-837 [En, 56 ref., 4 tab.] 
Dep. Sci. Food Anim. Origin, Fac. Vet. Med., Univ. Utrecht, 
P.O. Box 80175, 3508 TD Utrecht, Netherlands. 

Concentrations up to !.25% (v(v) of L-lactic acid did not 
produce unacceptable discoloration m veal carcasses and concn 
up to 2% (v Jv) were not significantly different from controls in 
terms of flavour. When measured 24 h postmortem, aerobic 
colony counts (3 d, 30°C) were reduced by 0.8 and 1.3 Iog10 
CFUjcm2 on breast and perineum, respectively, by !.25% L
lactic acid sprays. Enterobacteriaceae counts (approx. 1.8 log10 
CFUJcm2 initially) were reduced below their limit of detection 
( < !.3 Jog10 CFUjcm2) as a result of lactic acid treatment. 

552 SMULDERS, F. J. M.; WOOLTHUIS, C. H. J. Immediate 
and delayed microbiological effects of lactic acid decontamina
tion of calf carcasses - influence on conventionally boned versus 
hot-boned and vacuum-packaged cuts. Journal of Food Protec
tion ( 1985) 48 (10) 838-847 [En, 61 ref., 4 fig., 3 tab.] Dep. Sci. 
Food Animal Origin, Fac. Vet. Med., Univ. Utrecht, P.O. Box 
80175, 3508 TD Utrecht, Netherlands. 

As a result of 1.25% (vjv) L-lactic acid treatment, aerobic 
colony counts (3d at 30•C and 5 d at 17°) were reduced by 0.8 
log 10 CFU as compared with initial counts of approx. 3.0 log10 
CFU/cm2 on control carcasses. However, the reduction 
increased to 1.3 log10 CFU at 14 d postmortem, indicating some 
delayed effect of lactic acid. The percentage of samples positive 
for Enterobacteriaceae was reduced from 50% to approx. 10% 
which corresponded with a mean reduction of 0.3 log10 
CFU/cm2• Vacuum-packaging virtually completely inhibited 
growth of bacteria, yeasts and moulds on hot-boned cuts, but 1 
wk after breaking the counts reached values similar to controls. 
When measured 7 d postmortem, lactic acid treatment com
bined with vacuum-packaging was significantly more effective 
in reducing aerobic colony counts than vacuum-packaging 
alone. At 14 d postmortem, this was still the case for cuts that 
had been subjected to an additional decontamination with 2% 
(vjv) L-lactic acid immediately before vacuum-packaging. The 
Enterobacteriaceae colony count of hot-boned vacuum-pack
aged cuts remained under its limit of detection of 1.3 log10 CFU 
as a result of lactic acid decontamination. Lactobacillaceae col
ony counts were extremely low in all treatment groups. 
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553 BRACEWELL, A. J.; REAGAN, J. 0.; CARPENTER, J. A.; 
BLANKENSHIP, L. C. Factors affecting survival of 
Campy/obacter jejuni on experimentally inoculated pork skin 
stored under various conditions. Journal of Food Protection 
(1985) 48 (11) 944-945 [En, 15 ref., 3 fig.] Food Sci. Dep., 
Univ. Georgia, Athens, GA 30602, USA. 

Pork skin inoculated with a nalidixic acid-resistant str. of 
C.jejuniwas subjected to 3 treatments to determine the effect of 
storage temp., oxygen concn and drying on survival of the 
organism. Survival rate was determined for each treatment by 
enumeration over a 48-h period on Brucella agar containing 
nalidixic acid. Chilling with forced ventilation and storage at 
20°C caused significant reductions in numbers of survivors. It is 
suggested that conventional forced ventilation chilling of pork 
carcasses has the beneficial effect of reducing skin surface C. 
contaminants. 

554 TAYLOR, S. L.; SOMERS, E. B. Evaluation of the antibo
tulinal effectiveness of nisin in bacon. Journal of Food Protec
tion ( 1985) 48 ( 11) 949-952 [En, 24 ref., 4 tab.] Food Res. Inst., 
Dep. Food Microbial. Toxicol., Univ. Wisconsin, Madison, WI 
53706, USA. 

Nisin in comb. with nitrite is an effective treatment against 
Clostridium botulinum for bacon. However. high levels of nisin 
(100-150 p.p.m.) are required in comb. with 120 p.p.m. nitrite 
to provide a 1-wk extension of shelf life for inoculated bacon 
incubated at 27°C. It is suggested that this limited antibotulinal 
effectiveness of nisin in bacon has little practical value. The 
limited antibotulinal effectiveness of nisin in bacon is attributed 
to its insolubility in pickle solutions and its likely slow and 
incomplete diffusion from the pickle solutions into pork belly 
tissue. 

555 FERNANDEZ-COLL, F.; PIERSON, M. D. Enumeration of 
hydrogen sulfide-producing bacteria from anaerobically pack
aged pork. Journal of Food Protection (I 985) 48 (11) 982-986, 
989 [En, 28 ref., 3 tab.] Dcp. Food Sci. Technol., Virinia Poly
technic Inst. & State Univ., Blacksburg, VA 24061, USA. 

The influence of medium composition, pH, incubation time 
and gaseous atmosphere during incubation on enumeration of 
H 2S-producing bacteria from anaerobically packaged pork was 
determined. The conditions resulting in optimized recovery and 
enumeration of H 2S-producing bacteria from anaerobically 
packaged pork consisted of pour-plating the isolates with Lead 
Acetate Agar to which 0.003-0.005% cysteine was added and 
pH adjusted to 7.5-8.0 plus incubation in an atmosphere of 5% 
C02-95% N2 for 5 to 6 d at 21 •c. 

556 LITTEL, K. J.; PIKELIS, S.; SPURGASH, A. Biolumines
cent ATP assay for rapid estimation of microbial numbers in 
fresh meat. Journal of Food Protection ( 1986) 49 (I) 18-22 
[En, 20 ref., 2 fig., 3 tab.] Food Applications, Packard Instru
ment Co., Downers Grove, IL 60515, USA. 

The utility of a bioluminescence adenosine triphosphate 
(A TP) procedure to estimate bacterial levels in fresh meat prod· 
ucts was investigated. A double filtration (DF) sampling proce
dure was used. In this system 2 filters were fitted in tandem. A 
prefilter was used to trap food particles which contained con
taminating A TP while the second filter retained the microbial 
population. The second filter was treated with an enzyme rea
gent to hydrolyze nonmicrobial A TP that was present on the 
bacterial filter. Using standard curves, which related bacterial 
ATP (B-A TP) and plate counts, the bacterial A TP levels in 
fresh beef and chicken samples were transformed into estimated 
bacterial levels in the products. The ATP procedure was able to 
predict bacterial levels to within ±0.5 log 10 of the actual plate 
count for > 90% of the fresh beef and chicken samples tested. 
Mean ATP/CFU levels in fresh beef and chicken mixed bacte
rial flora were 0.88 and 0.94 fg, respectively. Minimal sensitivity 
of the double filtration/enzyme method was approx. 5 X 104 

CFU/g of meat sample. 

557 DELAQUIS, P. J.; BAKER, R.; MCCURDY, A. R. Micro
biological stability of pasteurized bam subjected to a secondary 
treatment in retort pouches. Journal of Food Protection ( 1986) 
49 (1) 42-46 [En, 16 ref., 4 tab.] Dep. Applied Microbial. Food 
Sci., Univ. Saskatchewan, Saskatoon, Sask. S7N OWO, Canada. 

Pasteurized hams reheated at 121 °C for 10 min and stored 
at 1 ± 1 °C or 6 ± I °C showed no microbial growth after 6 or 
12 months of storage. The number of microorganisms in pas
teurized hams not receiving the secondary heat treatment 
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ranged from 10' to> 108/g and from 102 to> I08/cm2 on the 
surface after 3-5 months of storage. Pasteurized hams that had 
been inoculated with Clostridium sporogenes spores before pas
teurization followed by a secondary heat treatment at 121 °C for 
10 min showed a delay in the occurrence of swollen packages 
when stored at room temperature compared with hams not 
receiving the secondary heat treatment. However, the secondary 
heat treatment did not prevent spoilage of hams. 

POULTRY AND EGGS 

See also abst. 547 

558 MORRISON, G. J.; FLEET, G. H. Reduction of Salmo
nella on chicken carcasses by immersion treatments. Journal of 
Food Protection (1985) 48 (II) 939-943 [En, 25 ref., 2 tab.] 
Sch. Food Technol., Univ. New South Wales, P.O. Box I, Ken
sington, N.S.W., Australia 2033. 

Using a tracer str. of S.typhimurium and a direct-counting 
technique, a procedure was developed for evahi~ting the effect 
of immersion treatments on the S. contamination of chicken 
carcasses. Immersion of carcasses in 60°C waier for 10 min 
gave 100-fold reduction in S. counts. Addition of 200 p.p.m. 
chlorine or 2.5% potassium sorbate increased the reductions to 
1000-fold with elimination of S. from most carcasses. Other 
immersion treatments were not as effective. Sensory evaluation 
indicated the acceptability of treated carcasses on the basis of 
appearance and flavour. 

DAIRY PRODUCTS 

See also absts. 397, 399, 684, 697 

559 FRANKE, V.; TOLLE, A. [Identification of enterotoxin
producing strains of Escherichia coli from milk and milk prod
ucts.] Zur Identifizierung von Enterotoxin-bildenden £. co/i
Stammen aus Milch und Milchprodukten. In Deutsche Veter
iniirmedizinische Gesellschaft, 24 Arbeitstagung des Arbeit
sgebietes 'Lebensmittelhygiene' vom 13.-16. September /983 in 
Garmisch-Partenkirchen. Thema: Qualitiit und hygienische 
Wertigkeit vom Tier stammender Lebensmittel. Gies
senfLahn, German Federal Republic (1983) 321-327 [De] Inst. 
fiir Hygiene, Bundesanstalt ftir Milchforschung, D-2300 Kiel, 
German Federal Republic. 

Coagglutination was found to be suitable for rapid screen
ing of milk products for thermolabile enterotoxin from Escher
ichia coli. ELISA was a more sensitive and accurate method; 
using GM 1-ganglioside as antigen receptor it had a min. sensi
tivity of about I ngfml. The baby mouse test for the thermosta
ble toxin had coeff. of variation of7.4% for positive and 7.6% for 
negative strains and was sensitive to 2 ng toxin. Of 141 E. coli 
strains from milk and milk products, I produced thermostable 
toxin, 3 produced thermolabile toxin and I produced both tox
ins. A procedure for isolating and identifying enterotoxin-pro
ducing strains of E. coli in foods is described. 

560 ZAADHOF, K. J.; DIEPOLDER, H.; LILIENTI!AL, W. 
[Enterobacteriacea~ coliforms and Escherichia coli in market 
milk and milk products.] Enterobacteriaceae, coliforme Keime 
und Escherichia coli in Milch und Milchprodukten des 
Handels. In Deutsche Veteriniirmedizinische Gesel/schaft, 25. 
Arbeitstagung des Arbeitsgebietes Lebensmittelhygiene. 'Fort
schritte in der ~gienischen Qualitiitssicherung von Lebensmit
teln.'. Giessen Lahn, German Federal Republic (1984) 66-76 
[De] Inst. fiir ygiene und Tech. der Lebensmittel tierisehen 
Ursprungs, Univ. Miinchen, Schellingstrasse 10 Ill, D-8000 
Munich 40, German Federal Republic. 

The International Standards (7251) method was more sen
sitive than the membrane-agar method for detecting Escher
ichia coli in milk and cheese, lower limits for MPN being 0.3 
and 3/g for the former and I and 10/g for the latter method. Of 
83 samples of liquid milk examined, none contained E. coli and 
72 contained no enterobacteria or coliforms; the highc:rst count 
was 110/ml. Of 94 infant formulas examined, 32 and 18%, 
resp., contained enterobacteria or coliforms, and E. coli was 
found in only 2 samples. However, most samples of semi-hard 
cheese (75-85%) contained enterobacteria and coliforms, and 
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40% contained E. coli, although only 5% had high counts. 
Almost all of 103 samples of soft cheese contained enter
obacteria and coliforms and 70% contained E. coli; 15% had E. 
coli at > 1000/g and 30% had > 10 000 coliformsfg. 

561 GESCHE, E. [An alternative method for counting viable 
bacteria.] Otro metoda de recuento de bacterias viables. Bulle
tin, International Dairy Federation (1984) No. 177, 162-164 
[Es] Inst. de Med. Preventiva Vet., Univ. Austral de Chile, 
Valdivia, Chile. 

Details arc given of a new method for counting viable 
bacteria in milk and milk products without using the large 
number of Petri dishes (4-12/sample) needed in the standard 
plate count technique. In the new method, known as the 'pipette 
method', 6 triangles arc marked off on a plate, and 0.05 ml from 
each dilution, in duplicate, is streaked out over each triangle 
with a pipette. After incubation

0 
the countfg (x) can be calcu

lated by the formula x =a X 10 +I, where a is the colony count 
in the 2 triangles inoculated with a particular dilution and b is 
the reciprocal of this dilution. Results for 22 samples with the 
pipette method were in good agreement with results obtained by 
the conventional standard plate count technique (r = 0.99). 

562 COOKE, B. C.; FREKE, C. D. Salmonella and New Zea
land dairying. Australian Journal of Dairy Technology ( 1985) 
40 (I) 30-33 [En, 5 ref.] Dairy Div., Ministry of Agric. & 
Fisheries, Wallaceville, New Zealand. 

A Memorandum of Understanding was negotiated between 
the New Zealand dairy industry and the FDA of the USA in 
1974 to enable certain tests (phosphatase, penicillin and salmo
nella) to be carried out on products prior to export to the USA. 
The effects of this Understanding, which came into force in 
1976, upon salmonella testing in New Zealand, is discussed. 
Centralized testing for salmonella proved necessary, and a new 
Regional Dairy Laboratory was opened at Wallaceville in 1979 
to serve primarily as a national salmonella testing centre. Ana
lytical procedures used at Wallaceville are outlined, and preven
tive systems established to trace the source of any salmonella, to 
eliminate salmonella from factory environments before it gets 
into the product, and to make dairy personnel aware of the 
potential dangers of salmonella, are discussed. No salmonella 
have been detected in dairy products since 1979, and an agency 
certification system has been developed that will enable compa
nies to carry out their own analyses for purposes other than 
under the FDA agreement. 

563 GRIFFITHS, M. W.; PHILLIPS, J.D.; MUIR, D. D. The 
quality of pasteurised milk and cream at point of sale. Dairy 
Industries International (1985) SO (3) 25, 27-28, 31 [En, 14 
ref.] Hannah Res. Inst., Ayr KA6 5HL, UK. 

Pasteurized samples of milk, single cream (SC) and double 
cream (DC) obtained from shops, and samples of pasteurized 
milk from 4 doorstep deliveries in and around Ayr, Scotland, 
were examined bacteriologically. The % samples with initial 
total counts <104/ml and psychrotrophic counts <103/ml, 
resp., were: milk, 58 and 69; SC, 60 and 50; and DC, 44 and 40. 
Corresponding % for milk samples grouped according to retail 
outlets were: doorstep deliveries, 68 and 69; small retailer, 49 
and 46; and large supermarket, 59 and 81. The % of milk, SC 
and DC samples with a stated residual shelf-life of "iii>7 days was 
3, 38 and 42, resp., whereas the actual %of samples having a 
shelf-life of "iii>7 days (bacterial count < 107/ml after 7 days at 
6°C) was 26, 28 and 32. Further investigations of residual shelf
life indicated that storage temp. in retail outlets were inade
quate for inhibiting growth of psychrotrophs. The value of the 
pre-incubation test for predicting shelf-life of pasteurized prod
ucts is discussed. 

564 BATISH, V. K.; CHANDER, H.; RANGANATHAN, B. Heat 
resistance and other characteristics of deoxyribonuclease posi
tive enterococci isolated from milk and milk products. Journal 
of Food Science (1985) 50 (3) 834-835,846 [En, 30 ref.] Dairy 
Microbial. Div., National Dairy Res. Inst., Kamal, Haryana, 
India. 

Out of 224 DNAase-positive enterococci recovered from 
milk products, 21.9% survived pasteurization at 63°C for 30 
min. Among the latter, 26 exhibited thermonuclease activity 
and 14 were haemolytic. Enterotoxigenic activity in rabbit ileal 
loops was exhibited by 13 strains, whereas 14 strains were path
ogenic to mice. Resistance to penicillin and streptomycin was 
shown by 5 l and 47 strains, resp. There appears to be a positive 



relationship between heat resistance, thermonuclease activity, 
enterotoxin production by these organisms and their resistance 
to penicillin and streptomycin. As many as 37 heat-resistant 
strains were recovered from samples of dried skim milk, infant 
formulae and condensed milk. The predominant heat-resistant 
strains were identified as Streptococcus faecalis subsp.faecalis, 
S. faecium and S. faecalis subsp. zymogenes. 

565 HANSEN, K.; M0LLER-MADSEN, A. (Gram-negative 
bacterial lipopolysaccharide. A measure of the hygienic quality 
of dairy products.] Gram-negativt bakterielt lipopolysakkarid. 
Et mal for mejeriprodukters hygiejniske kvalitet. Beretningfra 
Statens Forsogsmejeri (1983) No. 253, 25pp. [Da, en, 43 ref.] 
Statens Fors0gsmejeri, Hillemd, Denmark. 

The Limulus test was used to measure lipopolysaccharide 
(LPS) from Gram-negative bacteria in raw milk and in cheese 
of various ages. LPS increased from an av. concn. of 0.3 ng/ml 
in individual cows' milk to 4 ng/ml in farm bulk milk ana 50 
ngfml in dairy tank milk. LPS concn. in raw milk was strongly 
correlated with psychrotroph count but increased faster than 
the latter during cold storage because of accumulation of dead 
Gram-negative cells. In cheese, LPS originated partly from con
centration of the LPS in the cheese milk and partly from growth 
of Gram-negative bacteria during cheese manufacture and rip
ening. This indicated that cheese with a low LPS content could 
only be obtained by maintaining high hygienic standards both 
before and during manufacture. 

566 GOYAL, G. K.; SRINIVASAN, M. R. Microbiological 
quality offresh khoa samples. Asian Journal of Dairy Research 
(1984) 3 (2) 114-116 [En, 11 ref.] Dairy Tech. Div., National 
Dairy Res. Inst., Karnal 132001, India. 

Samples of cows' milk khoa, buffaloes' milk khoa and com
mercial khoa, resp., had the following mean microbial countsfg: 
standard plate count, 4400, 5800 and 17 000; acid-producers, 
2200, 3200 and 2500; proteolytic organisms, 1500, 2200 and 
2500; chromogenic organisms, 1200, 1500 and 2400; lipolytic 
organisms, 250, 540 and 430; aerobic sporeformers, 71, 77 and 
31; and yeasts/moulds, 7.5, 10 and 38. 

567 PRASAD, G.; KHAN, B. L.; KULSHRESTHA, D. C. Sur
vival of Escherichia coli and Enterobacter aerogenes in dahi. I. 
Contamination of milk before preparation of dahi. Indian Jour
nal of Dairy Science (1980) 33 (4) 497-500 [En, 4 ref.] Dep. of 
Anim. Husbandry & Dairying, Chandra Shekhar Azad Univ. of 
Agric. & Tech., Kanpur 208002, Uttar Pradesh, India. 

Milk contaminated with Escherichia coli or Enterobacter 
aerogenes at 100 organisms/ml was used to prepare dahi by 
incubation for 18 hat 27-28°C with Streptococcus lactis C10 
starter, and stored at 25-26 or 4-5°C for 10 days. During incu
bation, E. coli counts increased from 10 000 to 980 000/g and 
acidity from 0.18 to 0.91% lactic acid; Ent. aerogenes counts 
increased from 10 100 to 6.6 millionfg and acidity from 0.17 to 
0.88% lactic acid. E. coli counts then decreased during storage 
at 25-26 and 4-5°C resp. to 15 000 and 80 000/g at 7 days and 
500 and 9000/g at 10 days, whilst acidity increased to 1.0% 
after storage for 2 days at room temp. and then decreased to 
0.96 at 7 days and 0.89 at 10 days. At 4-5•C, acidity increased 
to 0.94% after 3 days and then decreased to 0.80% after 8-10 
days. Corresponding decreases in Ent. aerogenes counts during 
storage were to 300 and 90 OOO(g at 7 days and 10 and 2600/g 
at 10 days, with acidity increasmg to 1.0 and 0.95% during the 
first 3 days of storage and then decreasing to 0.85 and 0.81% at 
7 days and 0.84 and 0.76% at 10 days. 

568 FERNANDEZ EsCARTlN, E.; CASTILLO AYALA, A.; TORRES 
VITELA, R. [Fate of Salmonella inoculated into milk during 
manufacture and ripening of fresh, non-pasteurized cheeses. I. 
Changes in pH, acidity and microbial flora.] Destino de Salmo
nella artificialmente inoculada en Ia leche durante Ia elabora
ci6n y almacenamiento de quesos frescos no pasteurizados. I. 
Cambios en el pH, acidez y flora microbiana. Revista Lati
noamericana de Microbiologfa (1982) 24 (4) 235-240 [Es, en, 
20 ref.] Lab. de Microbial. Sanitaria, Fac. de Ciencias Quimi
cas, Univ. de Guadalajara, Mexico. 

Fresh cheeses were made, using commercial-type methods, 
from raw milk obtained locally. Acidity, pH and bacterial 
counts in milk, whey and cheeses tested 0, 24, 48, 72 and 120 h 
after manufacture were compared in 10 trials with those of 
similar cheeses made from pasteurized milk. In raw and pas
teurized milk cheeses, resp., mean pH decreased from 5.22 to 
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5.15 and from 6.70 to 5.92 between 0 and 120 h, and acidity(% 
lactic acid) increased from 1.46 to 2.42 and 0.33 to 1.11. Num
bers of coli forms and lactic acid bacteria tended to increase up 
to 24 h after manufacture in raw milk cheeses, and then to 
decrease slowly; in pasteurized milk cheeses numbers increased 
up to 120 h. Mean counts (c.f.u.fg cheese) at 120 h were: 
coliforms, 6.4 X 106 and 4.2 X 108

; lactic acid bacteria, 2.0 X 
109 and 8.7 X 108

; and yeasts (72 h) 9.3 X 105 and 4.5 X 102
• 

There were wide variations between trials due to differences in 
raw milk quality. 

569 FERNANDEZ EsCARTlN, E.; CASTILLO AYALA, A.; TORRES 
VJTELA, R. [Fate of Staphylococcus aureus and artificially 
inoculated Salmonella in milk during manufacture and ripening 
of fresh non-pasteurized cheeses. II. Influence of pH, natural 
flora and initial level of contamination with pathogen.] Destine de 
Staphylococcus aureus native y de Salmonella artificialmente 
inoculada en Ia leche durante Ia elaboraci6n y almacenamiento 
de quesos frescos no pasteurizados. II. Inftuencia del pH, de Ia 
flora asociada y del nivel original de contaminaci6n del 
pat6geno. Revista Latinoamericana de Microbio/og{a (1983) 
25 (2) 79-86 [Es, en, 15 ref.] Lab. de Microbial. Sanitaria, Fac. 
de Ciencias Quimicas, Univ. de Guadalajara, Mexico. 

The survival of Salmonella spp. at concn. ranging from 
1100 to 110 000 cells/ml milk was studied in a series of fresh 
cheeses made from raw and pasteurized milk [sec preceding 
abstr.]. In raw milk cheeses, at low initial concn. ( <3100 
cellsJml milk) survival rates varied between trials and were not 
related to pH of cheese; at an initial concn. of 1900 cellsfml, 
Salmonella spp. were only detected in 20 g cheese. At 110 000 
cells/ml milk, the organism was present after 96 h in 0.01 g 
cheese. Counts of both Salmonella spp. (artificially inoculated) 
and Staphylococcus aureus (present in original milk) were 
greater in pasteurized- than in raw·milk cheeses, possibly due to 
lower counts of lactic acid bacteria. In raw milk cheeses contain
ing Salmonella at a concn. of 10 000 cells/ml milk, addition of a 
culture of lactic acid bacteria had no effect on counts of Salmo
nella at 4 or 5 days after manufacture, but S. aureus was 
detected at 100 cells/g cheese up to only 2 days, vs. 3 days in 
control cheeses. 

570 WARSY, J.D. Microbiological and chemical composi· 
lion of dahi. Journal of Agricultural Research, Pakistan 
(1982) 20 (4) 211-218 [En, 22 ref.] Dep. of Dairy Tech., Sind 
Agric. Univ., Tandojam, Pakistan. 

A sample of dahi (a cultured milk product) was obtained 
from a shop in Karachi and examined for microbial counts, 
chemical composition, acidity development at 34-43 °C and vol
atile aroma compounds. Dahi was composed of 4.7% fat, 
14.28% TS, 3.2% protein and 1.1% lactic acid, with a pH of 
3.80; volatile aroma compounds detected were acetaldehyde, 
acetone, ethanol and diacctyl (found at 12.55, 1.75, 8.32 and 
0.87 p.p.m.). Counts of lactic acid bacteria were 160 mil
lionfml, with lactobacilli predominating over lactic strepto
cocci. Yeast and mould counts were 8500 c.f.u.fml, and 
Escherichia coli was present at <I 0 c.f.u./ml. The required pH 
of 3.80 was attained in 6.5, 9, 11 and 13 h when incubation was 
at 43, 40, 37 and 34•c, resp. 

571 PIVA, G.; PIETRI, A.; CARINI, E. (Presence of aflatoxin 
Ml in milk products. I. Milk and cheese products in Italy.] 
Presenza di afl.atossina Ml in prodotti lattiero-caseari. I. Latti e 
formaggi prodotti in Italia. Rivista della Societiz Italiana di 
Scienza deii'Aiimentazione (1985) 14 (I) 59-62 [It, en, 27 ref.] 
Sezione di Sci. & Nutr., lstituto di Zootecnica, Via Emilia 
Parmense, 84 29100 Piacenza, Italy. 

82 milk samples collected from farms in the Po valley 
during Feb.-April 1984 and 83 cheese samples (mostly Parme· 
san) manufactured during 1982/83 winter were analysed by 
HPLC with ftuorimetric detection. Recovery of aflatoxin Ml 
was 80% in milk and 70% in cheese samples; min. limit of 
detection was 3 ng/kg. Proportion of milk samples containing 
<3, 3-10, 10-50 and >50 ng aflatoxin Mlfkg were 54.5, 22.0, 
8.5 and 11.0%, resp.; proportion of cheese samples containing 
<3, 3-250 and >250 ngfkg were 14.5, 74.7 and 10.8%, resp. 
Results are discussed in relation to legal limits of aflatoxin M I 
in USA, Belgium and Switzerland. It is concluded that although 
a high proportion of samples contained aflatoxin Ml, actual 
contamination levels were generally low. 
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See also absts. 411-412 

572 BECKERS, H. J.; LEUSDEN, F. M. VAN; ROBERTS, D.; 
PIETZSCH, 0.; PRICE, T. H.; SCHOTHORST, M. VAN; TIPS, P. D.; 
VASSILIADIS, P.; KAMPELMACHER, E. H. Collaborative study 
on the isolation of salmonella from artificially contaminated milk 
powder. Journal of Applied Bacteriology ( 1985) 59 ( 1) 35-40 
[En, 15 ref.] National lnst. of Public Health & Envir. Hygiene, 
PO Box I, 3720 BA Bilthoven, Netherlands. 

A sample of dried skim milk, artificially contaminated with 
Salmonella typhimurium and Salm. panama, was examined 
monthly over a period of 6 months in 7 different laboratories. 
The dned milk was stored at 4 °C or room temp. during this 
period, and samples were either examined after shaking 25 g 
with 225 ml of buffered peptone water or after reconstituting 25 
g by shaking in 50 ml peptone water, standing for 30 min at 
room temp. and then adding a further 175 ml peptone water. 
When the dried milks were tested after the latter reconstitution 
procedure, differences between laboratories and/or storage 
times had no significant effect on the numbers of salmonellae 
isolated from dried milk stored at 4°C. When the dried milk was 
stored at room temp., results from different laboratories varied 
significantly (P < 0.01) and there was a systematic decrease in 
the number of salmonella-positive samples as storage time 
increased. The reconstitution procedure described yielded a 
higher %of salmonella-positive samples than the simple mixing 
procedure. Results of this study indicate that dried milk artifi
cially contaminated with salmonellae can be used as a reference 
sample provided that it is stored at 4°C and is examined after 
reconstitution by the procedure described. 

573 TERPLAN, G.; ZAADHOF, K. J.; JAKSCH, P. [The lipo
polysaccharide content of milk and milk products and the suita
bility of the Limulus test for predicting the keeping quality of 
market milk.) Untersuchung zum LPS-Gehalt von Milch und 
Milchprodukten und zur Eignung des Limulustests zur Vorher
sage der Haltbarkeit pasteurisierter Konsummilch. In 
Deutsche Veteriniirmedizinische Gesel/schaft, 24 Arbeit
stagung des Arbeitsgebietes 'Lebensmittelhygiene' vom 13.-16. 
September 1983 in Garmisch-Partenkirchen. Thema: Qua/itiit 
und hygienische Wertigkeit vom Tier stammender Lebensmit
te/. Giessen/Lahn, German Federal Republic (1983) 261-273 
[De, 15 ref.] Lehrstuhl fUr Hygiene & Tech. der Milch, Univ. of 
Milnchen, Schellingstrasse 10/III. 8 Munich 40, German Fed
eral Republic. 

This review, based on studies in Germany, considers stan
dards for lipopolysaccharidcs (LPS) in pasteurized milk and 
milk products, standardized procedures for the Limulus test for 
LPS, and the relationship between LPS and pyruvate tests for 
assessing the bacterial quality of milk. 

574 HEESCHEN, W.; SODI, J. [Using the Limulus test to 
investigate heat-treated milk products.] Zur anwendung des 
Limulus-Tcsts bei der Untersuchung w§:rmebehandelter Milch
produkte. In Deutsche Veteriniirmedizinische Gesel/schaft, 25. 
Arbeitstagung des Arbeitsgebietes Lebensmittelhygiene. 'Fort
schritte in der hygienischen Qualitiitssicherung von Lebensmit
teln.'. Giessen/Lahn, German Federal Republic (1984) 130-
134 [De, 5 ref.] Inst. fUr Hygiene, Bundesanstalt fUr Milchfor
schung, Postfach 6069, Hermann-Weigmann-Strasse I, D·2300 
Kiel 14, German Federal Re~ublic. 

The lipopolysaccharide (LPS) content of 415 samples of 
pasteurized milk, estimated by the Limulus test, ranged from 
<3 to >316 ngfml; with I ng LPS equivalent to 5000 Gram
negative bacteria, estimated arithmetic mean bacterial count 
was 150 000/ml. In laboratory trials, UHT treatment of raw 
milk increased its LPS content by a factor of 3.5. However, in a 
survey of 12 dairies, UHT-processing increased the LPS content 
of raw milk by factors ranging from <1 to 10, with geometric 
and arithmetic means of 2.26 and 2.64, resp. 

575 HEESCHEN, W.; SODI, J.; SUHREN, G. [Application of 
the Limulus test to the study of heat-treated milk, and conclu
sions on tbe bacteriological quality of the raw milk.] Die 
Anwendung des Limulus-Tests zur Untersuchung warmcbe
handelter Milch und Riickschlilsse auf die bakteriologische 
Beschaffenheit der Rohmilch. Deutsche Molkerei-Zeitung 
(1984) 105 (32) 1038-1043 [De, 18 ref.] Bundesanstalt filr 
Milchforschung, Kiel, German Federal Republic. 
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This is a review-type lecture presented at the Kiel dairying 
week (Kieler Milchwirtschaftliche Woche) on 22-25 May 1984, 
based largely on publications of the authors and their collabora
tors. Particular attention is given to the most recent findings. 
[See DSA 46, 8366; Archiv Jiir Lebensmittelhygiene (1984) 35, 
32.] 

576 PHILLIPS, J. D.; GRIFFITHS, M. W. Bioluminescence 
and impedimetric methods for assessing sheJf.Jife of pasteurized 
milk and cream. Food Microbiology ( 1985) 2 (I) 39-51 [En, 25 
ref.] Hannah Res. Inst., Ayr KA6 5HL, UK. 

Pasteurized milk and cream were purchased from local 
shops and analysed for initial counts of psychrotrophs and 
mesophilic bacteria. Portions of the samples of milk (I 0 ml) or 
cream (to g) were measured into sterile containers, mixed with 
0.1 ml of a sterile solution containing Crystal violet (2 mgfml), 
nisin (40 000 Ufml) and penicillin (20 000 U/ml) and incu
bated at 21 oc for 25 h. The bacterial content of the incubated 
samples, in which growth of Gram-positive microorganisms was 
inhibited by the Crystal violet-penicillin-nisin solution, was 
inversely proportional to the shelf-life of the product at 6°C. 
The bacteria may be enumerated by plate count, giving results 
within 50 h, or by ATP estimation by bioluminescence, giving 
results within 26 h of sampling. Impedance measurements on 
pasteurized milk and cream containing Crystal violet-penicillin
nisin solution at 21 °C, using either modified plate count agar or 
milk agar, showed that detection times are directly proportional 
to shelf-life at 6°C. 

577 BOTIAZZI, V.; GONZAGA, E.; BATIISTOTII, B.; CHI USA, P. 
[Estimation (MPN) of Clostridium tyrobutyricum spores in 
milk.] Valutazione (MPN) di spore di Clostridium 
tyrobutyricurn ncl latte. Scienza e Tecnica Lattiero-Casearia 
(1985) 36 (I) 7-18 [It, en, 12 ref.] Istituto di Microbial., Univ. 
Cattolica, Piaccnza, Italy. 

An attempt was made to develop a standardized technique 
for estimating the number of Clostridium tyrobutyricum spores 
in milk, using Reinforced Clostridial Medium with lactate sub
stituted for glucose (RCM lactate). Effects of the following 
factors on growth of the bacteria were studied: commercial 
origin of the ingredients used in the culture medium; pH of the 
medium (4.40-6.50); conditions of pasteurization of the sample; 
and incubation time (2-14 days). Results demonstrated the 
importance of always using ingredients of the same commercial 
origin for the RCM lactate. Best results were obtained at pH 
6.2, with pasteurization of the sample for I 0 min at 90°C and 
incubation for 7 days at 37°C. 

578 · CHUBB, R.; ORCHARD, F.; MciNNES, A. The bacterio
logical quality of raw goat's milk. Australian Journal of Dairy 
Technology (1985) 40 (I) 22-26 [En, 25 ref.] Dep. of 
Microbial., Univ. of New England, Armidale, NSW 2351, 
Australia. 

A total of 40 apparently healthy goats in 3 small dairy 
herds were tested just prior to a normal milking and then again 4 
wk later. 26 organisms were isolated from teat swabs of 11 
goats, 16 being coagulase-positive staphylococci (CPS). Bacte
ria were isolated from 31 of 130 aseptically-drawn milk sam
ples, the most common isolate (33 of 38) again being CPS. 
When 26 of the 40 goats were retested I yr later, a total of 12 
contaminated milk samples were obtained from 10 goats; 3 
contained CPS, 4 coagulase-negative staphylococci and 5 
micrococci. 8 of 178 samples tested by the Breed smear tech
nique contained neutrophils, but only 3 of these yielded bacte
ria, all being CPS. No relationship was found between presence 
of CPS and neutrophil count or physical quality of the milk. Of 
10 bulk milk samples from 5 suppliers, 8 packaged samples did 
not reduce methylene blue in 5 h, had coliform counts of 100 to 
2500/ml and staphylococcal counts of 130 to 1400fml;2 
unpackaged samples reduced methylene blue in <2 h, and con
tained> 105 coliforms/ml and about 4 X 104 staphylococci/mi. 
This survey suggests that the goats' milk industry in Australia 
needs a system for monitoring the bacteriological and chemical 
quality of the milk sold to consumers. 

579 CHANDLER, R. E.; MCMEEKIN, T. A. Temperature 
function integration and its relationship to the spoilage of pas
teurized, homogenized milk. Australian Journal of Dairy Tech
nology (1985) 40 (I) 37-40 [En] Dep. of Agric. Sci., Univ. of 
Tasmania, Hobart, Tasmania 7001, Australia. 



Use of the square root model of Ratkowsky {Journal of 
Bacteriology ( 1982) 149, 1], the basis of temp. functiOn integra
tion, to monitor the shelf-life of pasteurized homogenized milk, 
was investigated with particular reference to storage temp. 
~l5°C; at these temp. 1t follows a curve with a T0 (conceptual 
temp. below which no growth can occur) of about 264°K. A 
study of the bacterial flora of pasteurized milk indicated that the 
bacteria responsible for spoilage were psychrotrophic post-pas
teurization contaminants, initially present in very low numbers, 
but which multiplied during refrigerated storage and rapidly 
outnumbered the thermoduric bacteria that survived pasteuri
zation. It is concluded that temp. function integrators, program
med with the growth characteristics of 'typical' psychrotrophic 

fseudomonads, can be used to predict the shelf-life of milk. 
There is no list of references to work cited in this paper.} 

580 MAHMOUD, S. Z.; NAGUIB, K.; EL-NOCKRASHY, S.; 
TAWFEEK, N. Use of hydrogen peroxide as a dairy presena
tive. Egyptian Journal of Dairy Science (1984) 12 (2) 163-172 
[En, ar, 26 ref.] Food Sci. Dep., Ain Shams Univ., Cairo, Egypt. 

Various concn. of H;02 (0.03, 0.05, 0.075 or 0.1 %) were 
applied to pure cultures or microorganisms commonly occurring 
in raw milk in the Cairo area. At 30°C, 0.1% H20 2 had a 
variable inhibitory effect. The most resistant organisms were 
Bacillus cereus,· Streptococcus thermophi/us, Clostridium 
butyricum and C. perfringens in descending order. The most 
susceptible were the vegetative cells of aerobic and anaerobic 
sporeformers as well as Salmonella typhimurium. Intermediate 
were Escherichia coli, Staphylococcus aureus, Str. lactis and 
Str.faeca/is. Similar results were obtained at 54°C, but the rate 
of destruction was accelerated. At both temp., increasing the 
H20 2 concn. increased the• rates of destruction of the test 
organisms. ' 

581 SHEHATA, A. E.; MAGDOUB, M. N. 1.; EL-SAMRAGY, Y. 
A.; HASSAN, A. A. Utilization of sub-lethal heat-shock, L· 
alanine, p-alanine and nisin to induce germination of psychro
trophic Bacillus spores in milk. Egyptian Journal of Dairy 
Science (1984) 12 (2) 197-207 [En, ar,l6 ref.] Food Sci. Dep., 
Ain Shams Univ., Cairo, Egypt. 

Effects of l-alanine, P-alanine, nisin and sub-lethal heat
shock as well as the cumulative effect of various combinations of 
these on germination of spores of some psychrotrophic Bacillus 
strains were studied. Evaluation of data suggested that heat
shock at 85°C in combination with L-alanine +nisin, followed 
by incubation at 37°C for 30 min, achieved the highest germina
tion response of spores of B. cereus, B. pumi/us, B. bad ius and 
B. /icheniformis. Elimination of nisin from this stimulation sys
tem reduced the germination response of these spores by about 
7, 2, 12 and 26%, resp. However, elimination ofL-alanine from 
the system reduced spore germination by approx. 9, 2, 6 and 5%, 
resp. The lowest spore germination response of all bacilli 
examined was obtained in the presence of P-al a nine. The great
est germination response occurred after 30 min incubation at 
37°C, and further incubation did not cause appreciable changes 
in the response of these spores. 

582 MoLSKA, I. [Some qualitative problems of milk as a raw 
material for liquid milk manufacture.] Wybrane zagadnienia 
jakoSci mleka jako surowca do produkcji mleka spoi:ywczego. 
Przemysl Spoiywczy (1984) 38 (5) 178-181, 161-162 [PI, ru, 
en, fr, de, 23 ref.] Zaklad Tech. Mleka SGGW-AR, ul. 
Grochowska 270, 03-849 Warsaw, Poland. 

Aspects covered in this review of factors influencing the 
quality and shelf life of liquid milk include: the original raw 
milk quality; pasteurization conditions; and growth of heat
resistant microorganisms,J'articularly in relation to pasteuriza
tion treatment. Tabulate data are included on the keeping 
quality (in days) of milk pasteurized at 65•C for 30 min as a 
function of the total count and counts of Pseudomonas spp., 
coliforms and enterococci. 

583 EL-SIIIBINY, S.; MEHANNA, N. M.; GIRGIS, E. s. 
Chemical and microbiological quality of ultrafiltered reconsti
tuted milk. Egyptian Journal of Food Science (1984) 12 (1/2) 
115-119 [En, ar, 7 ref.] Lab. of Food Tech. & Dairying, 
National Res. Cent., Kafr El-Sheikh, Egypt. 

Imported dried skim milk, reconstituted to 10% TS, was 
ultrafiltered (concn. factor 4) in a DDS Lab-20 ultrafiltration 
unit at 45°C. Mean microbial counts in milk, retentate and 
permeate, resp., were: total count 650 000, 4.7 million and 1.1 
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millionfml; coliforms, 170, 5000 and <I 0/ml; sporeformers, 6, 
10 and <10/ml; and yeastsfmoulds, 31, 57 and <10/ml. Mean 
chemical composition of retentate and permeate on DM basis 
was, resp.: lactose, 25.66 and 70%; total N, 12.33 and 1.29%; 
soluble N, 1.14 and 1.29%; soluble Nftotal N, 9.2 and I; and 
total Ca, 1307 and 305 mgf I 00 g. 

584 BIGALKE, D. Post pasteurization contamination case 
history No.2. Dairy and Food Sanitation (1985) 5 (4) 142-143 
[En] Food & Dairy Quality Management Inc., St. Paul, Minne
sota, USA. 

A case is reported of a dairy producing liquid milk products 
with navour defects and short shelf life. Detailed examination of 
all available data showed that microbiological quality of raw 
milk was adequate, and that products had low initial plate 
counts and no coli forms present. 7-day plate counts in homogen
ized milk samples were high, and Gram-negative psychrotrophs 
were isolated from these plates. The problem was traced to post
pasteurization contamination in a pasteurized milk storage 
tank; after replacement of this tank, the incidence of high 7-day 
counts and product spoilage was greatly reduced. 

585 KIM, J. W. [Studies on the shelf-life of UHT milk.] 
Korean Journal of Dairy Science (1982) 4 (3) 175-180 [Ko, en, 
35 ref.] Dep. of Dairy Sci., Chungnam Univ., Daejon 300, S. 
Korea. 

UHT milk from 6 areas ofS. Korea was tested for changes 
during storage at 5 or 25°C for up to I 0 days. At 5 •c, I sample 
gave positive alcohol and clot-on-boiling tests after 6 days; 
titratable acidity increased in this sample after 6 days, and it 
also developed the highest bacterial count(> 1010/ml after 10 
days). The other samples were all negative for the alcohol and 
clot-on-boiling test, but titratable acidity increased in 4 of them 
from 0.174% to 0.18-0.23% after 10 days; in 3, total bacterial 
count increased to 10"-107/ml and psychrophilic count to 10"-
108/ml. At 25°C, all samples gave positive alcohol and clot-on
boiling tests- 2 after 1 day, 2 after 2 days, I after 4 and I after 
6; in all but 2 samples, acidity increased from day 1. Total and 
psychrophilic bacterial counts increased to 1010 jml within 2-3 
days. No coliforms were detected in any sample. 

586 HUH, C. S.; KIM, H. U. A study on the mesophilic 
Bacillus species occurring in Korean market milk treated by 
ultra high temperature. Korean Journal of Dairy Science 
(1983) 5 (I) 29-36 [En, ko, 28 ref.] Lab. of Dairy Tech. & 
Microbial., Seoul National Univ., Suwcon 177, S. Korea. 

Samples ofUHT milk from 8 manufacturers in Korea were 
examined for the presence of mesophilic aerobic sporeformers, 
and Bacillus spp. were detected in 14 of the 60 samples. Milk 
from 5 manufacturers contained B. subtilis and milk from 4 
manufacturers contained B. circulans andjor B. megaterium. 
No Bacillus spp. were detected in 2 brands of UHT milk. Of 67 
strains isolated, 41 were identified as B. subtilis, 8 as B. 
megalerium, 5 as B. circu/ans, 4 each as B. licheni(ormis and B. 
sphaericum, 3 as B. cereus and 1 each of B. larvae and B. 
coagulans. 17 of these isolates could grow at 7°C (B. subtilis, B. 
cereus and B. megaterium strains). Vegetative cells of B. sub
tilis and B cereus survived heating at 65°C for 40 min. These 
results indicate that many samples of Korean UHT milk contain 
thermoduric psychrotrophic Bacillus spp. which may cause 
spoilage during storage. Improvements in the UHT milk 
processing and filling operations are required. 

587 PARK, H. Y.; YOON, Y. C. (Changes in the bacterial 
content of raw milk during storage at low temperature.] Korean 
Journal of Dairy Science (1984) 6 (2) 120-125 [Ko, en, 10 ref.] 
Coli. of Anim. Husbandry, Kon Kuk Univ., Seoul 133, S. 
Korea. 

Raw milk samples stored at <7°C were analysed for 
counts of aerobic bacteria, psychrophilic bacteria, 
Pseudomonas spp. and coliforms, and for contents of pyruvate 
and lactate. Numbers of aerobic bacteria did not increase signif
icantly during 2 days storage on the farm, but problems were 
encountered during further storage (at 5°C) at the milk 
processing plant. Non-acid-forming bacteria increased more 
rapidly than acid.:forming bacteria. Psychrophilic bacteria and 
Pseudomonas spp. increased during cold storage. Contents of 
lactate were not high enough to be used for classification of milk 
stored at low temp. It was not possible to recommend a pyruvate 
content that could be used as a standard for estimating the 
quality of raw milk. 
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588 HOCKNEY, L. J.; COUSIN, M. A. Detection of beat
resistant proteases produced by psychrotropbs in refrigerated 
milk. Journal of Dairy Science ( 1985) 68 (4) 810-816 [En, 20 
ref.] Food Sci. Dep., Purdue Univ., West Lafayette, Indiana 
47906, USA. 

Proteinases from 4 Pseudomonas spp. were added to pas
teurized milk at 0.18, 1.8 and 18 units of proteinase activity fml, 
followed by incubation at soc for 18 days. During this period 
milks were analysed every 2 days for proteolysis. Sensory analy
sis was done twice weekly for 18 days. There were no significant 
differences in proteinase activity when ninhydrin and absorption 
at 280 nm were used to measure proteolysis; however, only 18 
units proteinase activity Jml were detected by the Hull test 
(Journal of Dairy Science (I 947) 30, 881 ). Sensory evaluation 
correlated with the Hull test data. When the 4 Pseudomonas 
spp. were added to milk at 50 or 500 cellsfml, a curvilinear 
increase in proteolysis was noted by 11 and 13 days, resp., for 3 
of the 4 Pseudomonas spp. as detected by the Hull method. 
Heat inactivation of the proteinases at 62.8°C for 30 min was 0-
73.1% and 10-36% as measured by the Hull and agar diffusion 
methods, resp. 

589 FREVEL, H. J.; ENGEL, G.; TEUBER, M. (Moulds in 
silage and raw milk.] Schimmelpilze in Silage und Rohmilch. 
Milchwissenschaft (1985) 40 (3) 129-132 [De, en, 6 ref.] Jnst. 
fiir Mikrobiol., Bundesanstalt fiir Milchforschung, Kiel, Ger
man Federal Republic. 

At intervals of 4 to 6 wk, samples of raw milk and silage 
were examined for types and numbers of moulds in 10 different 
cowsheds. The 100 raw milk samples contained relatively few 
moulds; 77%contained < 100 moulds/mi. In the 129 samples of 
silage, mould counts were higher, with 20 samples containing 
~ 106 fg. Phoma, Fusarium, Mucor, Penicillium roqueforli and 
Aureobasidium spp. predominated in milk, whereas P. 
roqueforti, Mucor, Absidia, Monascus and Scopulariopsis spp. 
predominated in silage. The yeast Geotrichum candidum was 
present in 46% of raw milk samples at up to 10 000/ml; in silage 
It was present in 24% of samples at up to 107 c.f.u.fg. A compar
ison was made of moulds occurring simultaneously in milk and 
silage in individual cowsheds. Use of enrichment cultures 
showed that heat resistant moulds (such as Byssochlamys spp.) 
were present in both milk and silage. 

590 SUHREN, G.; HEESCHEN, W. Counting of bacteria in 
milk with the direct epiftuorescent filter technique (DEFf). 
Milchwissenschaft (1985) 40 (5) 283-287 [En, de, 21 ref.] Jnst. 
filr Hygiene, Bundesanstalt fUr Milchforschung, Kiel, German 
Federal Republic. 

Studies have shown that the DEFf can assess the bacterio
logical quality of a sample of milk within about 25 min. The 
precision (repeatability) of the method can be expressed by a 
coeff. of variation (CV) of 19.4%. If 3 different persons counted 
the same membrane filters, a CV of 27.7% was found. Examin
ing raw milk samples (n = 639) a coeff. of correlation of r ::::l 

0.77 was calculated between Standard Plate Counts (SPC) and 
DEFf counts. The regression line !bowed that at higher bacte
rial counts, DEFT counts were lower than the SPC. Preserva
tion with a freeze-dried mixture of orthoboric and sorbic acids 
(0.6 and 0.09% final concn.) resulted in an identical classifica
tion of 76.5 and 75.0% of the milk samples after a storage period 
of 24 and 48 h. Trials with pure cultures in UHT milk at 9°C 
showed that Gram-negative bacteria gave markedly lower 
DEFf results compared with SPC and Breed counts. Incuba
tion of the pure cultures at 6°C gave higher DEFT counts than 
at 9°C. After heating inoculated milk in a water bath, micro
scopic methods (DEFT, Breed) showed higher values than SPC. 
This limits the use of the DEFT for analysis of heated milk and 
foodstuffs. For standardization of the DEFT method, formalin
treated raw milk appears suitable. There was no systematic 
change in DEFT counts during storage of formalin-treated raw 
milk for 300 days at 6°C. 

591 MOHAMED, S. M.; GHONEIM, N. H. Incidence of 
corynebacteria in raw milk. Journal of Egyptian Veterinary 
Medical Association (1984) 44 (3) 39-43 [En, 25 ref.] 

400 quarter milk samples from 100 buffaloes at private 
farms in Giza were tested for corynebacteria. 40 contained 
Corynebacterium pyogenes, 32 C. ulcerans and 20 C. bovis. 
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592 JOSHI, V. K.; KAHLON, S. S. Prevalence of enter
opathogenic E. coU in market milk of Ludhiana city. Indian 
Journal of Dairy Science (1984)37 (I) 5-10 [En, 27 ref.] Dep. 
of Microbiol., Punjab Agric. Univ., Ludhiana 141004, India. 

Mean total bacterial counts (TBC) and Escherichia coli 
counts, resp., in raw and pasteurized milk samples, water and 
swabs were as follows (number of samples in parentheses): raw 
milk from vendors (5), 188 400 and II 040/ml; raw milk from 
shops (8), 106 063 and 13 990/ml; raw milk from dairies (II), 
85 556 and 7141/ml and raw milk from canteens (2), 156 000 
and 1285/ml; pasteurized milk from the University (22),15 991 
and 32/ml; water from dairies (3), 59 733 and 18 427 fml; and 
swabs irom hands of milkers and shopkeepers (4), 22 685 and 
4655. E. coli was found in 39 of the 55 samples tested, including 
22 raw milk and lO pasteurized milk samples. E. coli quotient 
(mean E. coli count X 100/mean TBC) was 30.84 in water 
samples and 20.52 in swabs. 4 of 23 isolates from raw milk, but 
none of 2 from pasteurized milk or 4 from swabs, were desig
nated enteropathogenic by the rabbit ileal loop method. 

593 NATARAJAN, A. M.; SUOHA, V.; RANGANATHAN, B. 
Thermoduric bacteria in raw milk supplies. Asian Journal of 
Dairy Research (1984) 3 (2) 84-86 [En, 6 ref.] S. Reg. Sta., 
National Dairy Res. Ins!., Bangalore 560030, India. 

20 samples of raw milk were obtained from (i) the local 
market, 75 from (ii) the Institute farm, and 30 from (iii) a 
nearby village. Mean total and thermoduric counts resp. in milk 
from (ii), collected in different seasons were: winter, 2.65 mil
lion and 26 100/ml; summer, 3.38 million and 40 500/ml; and 
monsoon, 2.52 million and 37 700/ml. Mean total and thermo
duric counts resp. in milk from the 3 sources were: (i)' 0.42 
million and 114 400/ml; (ii) 1.03 million and 34 900fml; and 
(iii) 0.41 million and I 23 200/ml. Thermoduric bacteria 
accounted for about 2.69, 3.31 and 2.94% of the microbial 
population in milk from (i), (ii) and (iii) resp. Distribution of 
thermoduric organisms amongst I 00 isolates from (i), 375 from 
(ii) and 150 from (iii) resp. was: streptococci, 56, 50 and 64%; 
micrococci and sarcinae, 18, 20 and 13%; Bacillus spp., 12, 12 
and 3%; microbacteria, 10, 12 and 6%; and lactobacilli, 4, 5 and 
4%. 

594 CHOPIN, A.; MALCOLM, S.; JARVIS, G.; ASPERGER, H.; 
BECKERS, H. J.; BERTONA, A.M.; COMINAZZINI, C.; CARINI, S.; 
LODI, R.; HAHN, G.; HEESCHEN, W.; JANS, J. A.; JERVIS, D. 1.; 
LANIER, J. M.; O'CoNNOR, F.; REA, M.; Ross1, J.; SELIG MANN, 
R.; TESONE, S.; WAES, G.; MOCQUOT, G.; PIVNICK, H. 
JCMSF methods studies. XV. Comparison of four media and 
methods for enumerating Staphylococcus aureus in powdered 
milk. Journal of Food Protection (1985) 48 (I) 21-27, 34 [En, 
16 ref.] INRA, 35042 Rennes, France. 

In a collaborative study involving 14 laboratories in 12 
countries, 4 media and methods were compared for enumerating 
Staphylococcus aureus that had been added to dried milk 
before or after drying, and held for 18-19 and 60-61 days at 
about 25°C. 7 stramsof S. aureus were used and the 4 enumera
tion methods were: (i) direct inoculation onto Baird-Parker 
medium; (ii) most probable number technique with Giolitti & 
Cantoni's enrichment broth; (iii) as (ii) but with Tween 80 
included in the medium; and (iv) direct inoculations onto Haus
child's pork plasma fibrinogen medium with Tween 80. Method 
(iv) sometimes failed to give results, but when counts were 
obtained they were comparable to those obtained with (i) and 
(iii). Counts obtained by method (ii) were generally lower (P < 
0.05) than those obtained by the other methods. Methods (i) 
and (iii) were not significantly different in their ability to detect 
small numbers of S. aureus in dried milk. Mean survival of S. 
aureus in dried milk 18-19 and 60-61 days after inoculation, 
resp., was 69 and 28% when the organism was added before 
drying and I and <0.1% when added after drying. 

595 GHODEKER, D. R.; SRINIVASAN, R. A.; NAMBUDRIPAD, V. 
K. N. Coliform bacteria in dried milks. Indian Journal of 
Dairy Science (1980) 33 (4) 490-496 [En, 27 ref.] Div. of Dairy 
Microbial., National Dairy Res. lost., Karnal 132001, India. 

or (i) 124 spray-dried milk, (ii) 54 roller-dried milk and 
(iii) 38 infant formula samples from 10 factories, 3, 6 and 13 
resp. contained >I coliformsfg and 25, 10 and 5 contained 
>90 coliformsfg. 65 of 242 isolates were identified as Escher
ichia coli. Distribution of E. coli in (i), (ii) and (iii) resp. was 57, 
37 and 6%; E. coli was not detected in (i) and (ii) samples from 
3 factories or in (iii) samples from 7 factories. When E. coli 



from 1 or 2 samples from each factory were inoculated into 3 
mice each, 5 isolates were lethal to 2 of 3 mice within 30 to 40 h, 
and 1 isolates were lethal to all 3 mice with 24 to 38 h. All 12 ' 
pathogenic strains survived heating at 63°C for 30 min. Sur· 
viva! rate of coliforms at room temp. in (i) was 10% after 3 
months in 33.3% of samples, but none survived for 6 months. 
Coliforms were able to grow in reconstituted infant formulas 
from> 10/ml initially to 250 000 and 205 000/ml within 8 hat 
45 and 37°C resp., but did not show any increase in numbers for 
up to 12 hat 7-10°C. 

596 SUN, M. Desperately seeking salmonella in Illinois. 
Science, USA (1985) 228 (4701) 829-830 [En] 

Investigations that have been undertaken in an attempt to 
find the source of Salmonella typhimurium contamination of 
milk at Hillfarm Dairy, Chicago, USA are discussed. The 
microorganism, which has been the cause of an outbreak of 
food-poisoning affecting > 14 000 people, has been found in 
batches of milk from this dairy processed on 3 isolated occasions 
since the outbreak was identified, but extensive examination of 
the plant has so far failed to reveal the source of the 
contamination. 

597 SUN, M. Illinois traces cause of salmonella outbreak. 
Science, USA (1985) 228 (4702) 972-973 [En] 

Further investigations into the food-poisoning outbreak 
described in the preceding abstr. suggest that the source of 
Salmonella typhimurium contamination may have been a small 
section of the pipeline system where 2 air-pressure valves sepa
rate raw from pasteurized milk. The possibility of leachmg 
occurring between the 2 milk lines was demonstrated and it was 
also shown that up to 0.75 USgal milk could remain for a 
considerable length of time in this unrefrigerated section of 
pipe. Other possible sites for bacterial growth were a 2-in sec· 
tion of dead-space in one of the valves that was not flushed out 
during routine maintenance, and aT-shaped piece of pipe that 
was attached to one of the valves and also had a dead space; 
threaded caps from raw or pasteurized milk lines were freely 
interchanged to close off one of the 3 ends of the pipe, thus 
providing another possible source of contamination. Investiga
tors are now trying to locate dairy herds that may be harbouring 
S. typhimurium. 

598 SUHREN, G.; HEESCHEN, W.; TOLLE, A. rrhe Milk 
Quality Ordinance and bacteriological testing methods.] 
Milchgiitc-VO und bakteriologische Untersuchungsverfahren. 
Molkereitechnik (1983) 61, 9-18 [De, 17 ref.] lost. filr 
Hygiene, Bundesanstalt fiir Milchforschung, Kiel, German 
Federal Republic. 

Under the Milk Quality Ordinance which came into force 
in the German Federal Republic in 1981, milk from all farms 
must be tested at least twice/month for bacteriological quality. 
Schedules 3 and 4 to the brdinance specify the Koch plate 
method and manual pyruvate determination as reference meth
ods for this purpose, but the regional authorities can allow use of 
alternative methods more suitable for routine testing. 2 regions, 
namely Baden·Wilrttemberg and Hessen, have decided to use 
the Bactoscan method. Initial results with this method are 
reported and their relationship with the Koch plate count and 
direct microscopic count is discussed. 

599 TOLLE, A.; SUHREN, G. rrbe quality of pasteurized 
milk, with particular regard to automatic dispensers.] Zur Qual· 
iUit der pasteurisierten Konsummilch unter besonderer Beriick
sichtigung der Selbstzapftechnik. Molkereitechnik (1983) 61, 
29-37 [De, 4 ref.] Ins!. fOr Hygiene, Bundesanstalt fiir 
Milchforschung, Kiel, German Federal Republic. 

Initial results of a study of the quality of milk sold from 2 
types of dispenser in the German Federal Republic arc dis
cussed. Milk from the dispensers did not differ significantly in 
organoleptic or bacteriological quality from milk sold in conven
tional single-trip containers, but tended to have a much shorter 
storage life because of recontamination. The storage life of up to 
5 days claimed by some dairies for dispenser milk appeared 
unrealistic. 

600 ALLEN, J. C.; JOSEPH, G. Deterioration of pasteurized 
milk on storage. Journal of Dairy Research (1985) 52 (3) 469-
487 [En, 3pp. of ref.] Res. Div., NE Wales lost., Deeside CHS 
4BR, UK. 
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This review examines the causes of and changes associated 
with flavour deterioration that could occur in good quality pas
teurized milk between production and consumption; work on 
raw, UHT or sterilized milk is included where relevant. 
Changes considered are those related to the pasteurization pro
cess; oxygen-related changes (factors affecting 0 1 consumption 
by milk including bacteriological factors, ascorbtc acid, sulph
dryl, Cu-induced lipid and light-induced lipid oxidations, and 
packaging); vitamin-linked deterioration; oxidation of lipids; 
light-induced deterioration (and the role of riboflavin); deterio
ration due to microorganisms and to hydrolytic changes (lipoly
sis and proteolysis). It was concluded that the greatest danger to 
keeping quality is pre- and post-pasteurization bacterial 
contamination. 

601 GAJDOSEK, S. [Assessment of microbiological quality of 
milk by a modified resazurin test.] Hodnoceni mikrobjologickC 
jakosti mlCka upraven:Ym resazurinov:Ym testem. ZivoCiSnd 
Vfroba (1985) 30 (2) 105-116 [Cs, ru, en, de, 14 ref.] Vysoka 
Skola ZemM~lska, Brn6, Czechoslovakia. 

The resazurin test was carried out directly on samples of 
raw milk, or after pre-incubation of samples for 1 hat 37°C or 
for 24 hat soc; incubation was for 30, 60, 90, 120 or 240 min at 
37°C. Counts of total microorganisms, psychrotrophic bacteria 
and coliforms were made directly on the samples by stated 
methods. Catalase and nitrate reduction· tests were also carried 
out. From results obtained with 3 quality classes of milk, no 
complete agreement with total bacterial counts was found for 
any of the test variants, but pre-incubation for I h at 37°C 
followed by test incubation for 90 min at 37°C gave the best 
approximation. The catalase and nitrate tests showed good 
agreement with counts of psychrotrophic bacteria, but ranges of 
counts in the different classes were too great for objective evalu
ation of microbiological quality. 

602 ROBERTS, D. Microbiological aspects of goats' milk - a 
public health laboratory service survey. Goat Veterinary Society 
Journal (1985) 6 (I) 10-13 [En, 9 ref.] Food Hygiene Lab., 
Cent. Public Health Lab., 175 Colindale Avenue, London NW9 
SHT, UK. 

In a 1-yr survey from June 1982, a total of 2493 (2477 raw, 
14 pasteurized and 2 unstated) goats' milk samples from various 
sources were tested; 45% of samples were frozen milk. 61% of 
samples were from farms, smallholdings or private households 
and 32% from retail sources such as healthfood shops and super
markets. There was little difference in bacterial counts between 
liquid and frozen raw milk samples, 76 and 79%, resp., having 
total count of <105fml at 22°C and 80 and 80% at 37°C; 99 
and 97% had <1000 Staphylococcus aureusfml and 90 and 
93% had <10 Escherichia colifml. No Salmonella spp. were 
found; Campylobacter jejuni was found in 1 sample, Yersinia 
enteroco/itica in 2 and Bacillus cereus in 3 samples. 86.7% of 
samples passed the methylene blue test, and all samples passed 
the Brucella ring test although results were sometimes dtfficult 
to read due to the difference in fat globule size and distribution 
between bovine and caprine milk. 

603 LEWIS, G. Retail sale of goats' milk: an environmental 
health officer's viewpoint. The legal, disease risk and microbio
logical standards for goats' milk. Goat Veterinary Society Jour
nal (1985) 6 (I) 14-19 [En, II ref.] District Envir. Health 
Officer, Norwich City Council, Norwich, UK. 

The extent to which legislation in the UK, notably the Food 
Act 1984, Food Hygiene (General) Regulations 1970 and label
ling regulations, applies to goats' milk, is discussed. The possi· 
bility of various viral, rickettsial and bacterial diseases being 
transmitted through goats' milk, and the occurrence of mastitis 
organisms, are considered. Pasteurization of goats' milk is rec
ommended or, where this is not feasible, labelling on containers 
to recommend boiling of the milk prior to consumption. 

604 FORBES, G. I. The development of a code of practice for 
the hygienic control of goats' milk. Goat Veterinary Society 
Journal (1985) 6 (I) 27-31 [En, 3 ref.] Scottish Home and 
Health Dep., Edinburgh, UK. 

Goats' milk is regarded as a food under the Food and Drugs 
(Scotland) Act 1956, but is not covered by Scottish milk and 
dairies legislation. The possible role of goats' milk in the direct 
and indirect transmission of diseases and milk·borne infections 
is discussed, and the development of a Code of practice is 
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described. Particular attention is given to the following 5 contro
versial points that had to be investigated prior to incorporation 
into the Code of practice: health benefits; heat treatment; antibi
otics residues: legislative interpretation of various Acts relating 
to goats' milk; and bacteriological standards. 

605 LITOPOULOU-TZANETAKE, E. (LITOPOULOU-TZANETAKI, 
E.); TZANETAKEs, N. (TZANETAKIS, N.); MANOLKIDEs, K. 
(MANOLKIDIS, C.); SAMOLADA, M. [Aerobic mesophilic and 
thermophilic spores in raw milk.} Deltio Ethnikes Epitropes 
Galaktos Ellados (1984) I (I) 24-31 [Gr, en, 20 ref.] Lab. of 
Dairy Tech., Fac. of Agric. Aristotelian Univ., Thcssaloniki, 
Greece. 

70 milk samples from 3 factories in N. Greece were stud
ied. After heating at 80°C for 10 min, mesophilic bacteria were 
found at 1 to> 104/ml in all samples, most commonly (63%) at 
100-104/ml, and thermophiles were found at 1-1000/ml in 64 
samples. After heating at 100°C for 30 min, mesophiles were 
found in 52 samples, mainly at 1-100/ml, and thermophiles 
were found in 54 samples. 177 strains of spore-forming bacteria 
were isolated from milk heated at 80°C for 10 min; 101 strains 
were of Bacillus /ichem1ormis, and 9-16 were of (in descending 
order) B. cereus, B. polymyxa, B. coagu/ans, B. pantothenicus 
and B. macerans. 62 strains were isolated from milk heated at 
100°C for 30 min, of which 20 were of B. licheniformis, 12 were 
of B. pantothenicus and to each were of B. cereus and B. coagu
lans. Other spp. represented in the total number were B. circu
lans, B. firmus, B. sphaericus, B. alvei and B. megaterium; 9 
strains in milk heated at 80°C were not classified. 

606 KALOGRIDOU-BASILEIADOU, D. (KALOGRIDOt.:
VASILIADOU, D.); MANOLKIDES, K. (MANOLKIDIS, K. S.) 
{Gram-negative bacteria in cows' raw milk.] Deltio Ethnikes 
Epitropi!s Galaktos Ell ados ( 1984) I (1) 61-73 [Gr, en, 28 ref.] 
Lab. of Dairy Tech., Aristotelian Univ., Thessaloniki, Greece. 

Of 860 Gram-negative strains isolated from 85 samples of 
bulk cooled raw milk, 31.2, 20.5, 17.7, 14.9, 12.5 and 3.3%, 
resp., were of pseudomonads (Pseudomonas jiuorescens, 
21.4%), enterobacteria (lactose-negative, 13.9%; Escherichia 
spp., 3.8%; Klebsiella spp., 6.0%), Aeromonas spp. (A. 
salmonicida, 8.8%; A. punctata, 7.9%), Flavobacterium spp., 
Acinetobacter spp. (Ac. lwoffi, 9.3%) and Moraxella spp. Char
acteristics of the isolated strains are tabulated. 

607 Cox, J. M.; MACRAE, I. C. Growth of a rifampicin
resistant strain of a proteolytic psychrotroph, Pseudomonas 
jluorescens, in raw and ultra heat-treated milk. International 
Journal of Food Microbiology (1985) I (6) 343-347 [En, 11 
ref.] Dep. of Microbial., Univ. of Queensland, St. Lucia, Queen
sland 4067, Australia. 

Pseudomonas jluorescens UQM2490, resistant to 
rifampicin at 250 l'g/ml, was derived from P.jluorescens JCI, a 
proteolytic psychrotroph isolated from raw milk. Growth of 
UQM2490 was studied in 13 raw m:tk and in 4 samples of UHT 
milk, using initial inoculum levels of 100, 1000 and 10 000 
c.f.u./ml and incubation at 4°e. At intervals, samples were 
withdrawn and viable counts made on rifampicin-containing 
agar. Growth curves obtained showed a slower growth in raw 
milk than in UHT milk. The higher the inoculum, the larger the 
final population of P.jluorescens in milk incubated for 7 days at 
4°C. Generation times were 9.5-14.1 h in UHT milk and 9.6-
33.0 h in raw milk, indicating activity of natural antimicrobial 
systems and/or competition among microbial species in raw 
milk. Use of antibiotic-resistant strains may prove useful in 
understanding the ecology of important spoilage bacteria in raw 
milk. 

608 ISRAELIDEs, K. I. (ISRAILIDES, C. J.); KEHAGIAS, H. H. 
(KEHAGIAS, C. H.) [Effect of cold storage on the methylene 
blue reduction time of samples of raw milk from cows, goats and 
sheep.[ Deltio Ethniki!s Epitropi!s Galaktos Ellados (1984) I 
(2) 20-29 (Gr, en, 9 ref.] Food Tech. Inst., Lykovrissi, Greece. 

Samples of milk from cows, goats and sheep were studied 
after storage for up to 24 h at I or woe without or with pre
incubation for 3 h at 25°e. Methylene blue reduction time 
(without pre-incubation) was about twice as long for goats' and 
ewes' milks as for cows' milk (239-314 and 230-327 vs. 87-193 
min), and was approx. halved by pre-incubation. Reduction 
times tended to increase during storage at 1 oc although the 
trend was not significant; decreases in reduction time as a result 
of storage at woe were significant for cows' milk and ewes' 
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milk (P < 0.001 and 0.05, resp.) but not for goats' milk, and 
reduction times were lower during storage at woe than after 
the same time at l oe. and lower after 24 h at I ooc in all 
samples except pre-incubated goat milk. 

609 KALOGRIDOU-BASILEIADOU, D. (KALOGRIDOU
VASIUADOU, D.) (Frequency of occurrence of Gram-negative 
bacteria in cows' raw milk.) Deltio Ethnikis Epitropes Galaktos 
Ellados (1984) I (2) 30-42 [Gr, en, 11 ref.] Lab. of Dairy 
Tech., Aristotelian Univ., Thcssaloniki, Greece. 

860 strains of Gram-negative bacteria were isolated from 
85 samples of bulk-cooled raw milk [see Deltio Ethnikes Epi
tropi!s Galaktos Ell ados ( 1984) I, 61]. Gram-negative bacteria 
ranged from 1.2 X 104 to 9.9 X 106/ml. Of the samples, 52, 31, 
45, 35, 22 and 41. resp., contained Pseudomonas sep. (Ps. 
jluorescens. Ps. taetrolens. Ps. putida and Ps. putreji:Jciens), 
Flavobacterium spp. (F. aquatile, F. breve, F. lutescens and F. 
devorans), Aeromonas spp. (A. salmonicida, A. punctata and 
A. hydrophila), Acinetobacter spp. (Ac. lwoffi and Ac. ani
tratum), Moraxella spp. (M. Jacunata and M. bovis) and 
Enterobacteriaceae (Escherichia spp., Klebsiella spp. and 
Enterobacter spp.). 

610 ABO-ELNAGA, I. G.; HESSAIN, A.; SARHAN, H. R. Bac
teria and food poisoning organisms in milk. Nahrung ( 1985) 29 
(4) 375-380 [En, de, ru, 12 ref.] Dairy Dep., Univ. of Assiut, 
Assiut, Egypt. 

1ndividual milk samples from (i) 50 cows, (ii) 50 ewes and 
(iii) 50 goats were tested. Data for bacteriological quality 
included the following for (i), (ii) and (iii), resp.: total viable 
count on tryptone ~lucose yeast extract agar, 1.9 X 107

, 2.7 X 
106 and 7.7 X 10' /ml; sporeformers, 5.6, 25.5 and 2.8/ml; 
coliforms (on MacConkey agar), 320, 4400 and 3.0/ml; total 
count on Staphylococcus 110 medium, 4000, 450 000 and II 
000/ml; and Staphylococcus aureus, 80, 100 and 0/ml. 76.5% 
of S. aureus isolates from (i) and 63.6% of those from (ii) were 
thermonuclease-positive. Growth of enterotoxin A-producing 
staphylococci in (i), (ii) and (iii) was evaluated. S. aureus 
reached a hazardous count (approx. 1 million/ml) after approx. 
6 hat 31 •c or approx. 18 hat I7°C. Max. growth at 31 oc was 
achieved after 18 h in (i) and after 24 h in (ii) or (iii). At I7°C, 
max. counts were reached after 3 days in all 3 milks. At 31 °C, 
S. au reus disappeared from all milks after 7-8 days. At l7°e, it 
disappeared from (i) after 17 days, from (ii) after 18 days and 
from (iii) after 14 days. No salmonellae were detected in any 
sample. Of 19 suspect isolates. 11 were identified as Proteus spp. 
and 8 as Citrobacter spp. 

611 EWAIS, S.M.; HEFNAWY, S. A.; AnD-EL-SALAM, M. H. 
Utilization of lactoperoxidase system in preservation of raw milk 
under local conditions. Egyptian Jouma/ of Dairy Science 
(1985) 13 (I) 1-7 [En, ar, 8 ref.] Anim. Production Res. lnst., 
Ministry of Agric, Cairo, Egypt. 

Cows' milk (CM) and buffaloes' milk (BM), containing 
potassium thiocyanate at W p.p.m .. were stored at room temp. 
for 48 h in the presence ofH20 2 at 25 or 30 p.p.m., or at 35°e in 
the presence of H20 2 at 240, 260 or 280 p.p.m. (CM) or 160, 
180 or 200 p.p.m. (BM). Keeping quality of the milks was 
assessed by measurement of titratable acidity, pH, total bacte
rial counts and coliform count. Addition of H20 2 at 25 p.p.m. 
improved the keeping quality of both types of milk at room 
temp. At higher temp. (35°C), higher concn. of H20 2 (160-200 
p.p.m. for BM and 240-280 p.p.m. for CM) were necessary for 
improving the keeping quality. These higher concn. arc recom
mended for milk preservation during summer if refrigeration is 
not available. 

612 MALIN, P. [Hygienic and technological aspects of con
tamination of milk with anatoxin Ml.] [Abstract]. Hygienische 
und technologische Aspekte der Kontamination von Milch mit 
Aflatoxin Ml. Wiener Tieriirztliche Monatsschrift (1985) 72 
(3) 118 [De, Thesis, Veterinarmedizinische Universitiit, Wien, 
(1983)] 

The aflatoxin Ml content of naturally contaminated milk 
was not affected by storing at 4 or woe for 48 h or heating for 4 
min at 71 oc; however, 5-6% of the aflatoxin M1 was lost by 
concentration at medium temp. and up to 30% was lost by 
concentration at high temp., and a further 15% was lost in the 
process of spray drying. The aflatoxin Ml content of milk was 
decreased by passing it through animal charcoal but not by a 
commercial adsorbent. Ingestion of aflatoxin Bl at 9 mgfday 
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produced changes in the blood and liver parameters of cows 
within 3 wk. However, 70 mg daily for 4 days affected feed 
intake and milk yield, decreased the activity of glutamate 
dehydrogenase to pathological levels, reversed the ratio of gran
ulocytes to lymphocytes in blood and decreased total leucocyte 
count. 

613 KUREK, C. (Some veterinary aspects of milk hygiene. II. 
Chemical and toxicological indicators.] Niekt6re weterynaryjne 
aspekty higieny mleka. II. Wskazniki chemiczno-toksyko
logiczne. Medycyna Weterynaryjna (1985) 41 (3) 155-158(PI, 
22 ref.] Zaklad Higieny Weterynaryjnej, 80-316 Gdansk 5, 
Poland. 

This lecture on problems of hygiene and quality of milk, 
presented at a meeting of the Polish Society of Veterinary Sci· 
ences held in Lublin, Poland on 28 Sept. 1984, deals with resi
dues of pesticides, polychlorinated biphenyls, Hg, As, Pb Se 
and Cd, nitrates and nitrites, radionuclides (90Sr, 131 I, 13lCs) 
and rnycotoxins in milk in Poland. [See Medycyna Wetery
naryjna (1985) 41, 17 for part I; DSA 48, 821.] 

614 SWITZERLAND, EIDGENOSSISCHE LEBENSMITTELBlJCH
KOMMISSION [Official methods for determining aflatoxin M 1 in 
milk and dried milk.] Amtlichc Mcthodcn zur Bestimmung von 
Aflatoxin M 1 in Milch und Milchpulver. Mitteilungen a us dem 
Gebiete der Lebensmitteluntersuchung und Hygiene ( 1985) 76 
(I) 92-103 (De, fr, en, 4 ref.] Kantonales Lab. Zurich, Postfach, 
CH-8030 Zurich, Switzerland. 

Results are reported of inter-laboratory tests organized by 
a working group of the Swiss Federal Food Code Commission to 
find acceptable methods for determining aflatoxin M 1 in milk 
and dried milk. The tests, involving artificially contaminated 
milk and naturally contaminated dried milk, were made on 3 
methods, used at the Cantonal Laboratories in Zurich, Thurgau 
and Berne, resp. The Thurgau method involved preliminary 
sample treatment with phosphoric acid and acetone, extraction 
with dichloromethane, clean-up by silica gel column chromatog
raphy, separation by TLC (with 3 developers) and densitomet
ric estimation. All 3 methods gave results in good agreement 
and are therefore recommended for use as official methods. The 
Zurich and Berne methods have been described in DSA 45, 
7434 and 42, 4728. 

615 SHEPHERD, M. J.; HOLMES, M.; GILBERT, J. Compari
son and critical evaluation of six published extraction and clean
up procedures for aflatoxin M 1 in liquid milk. Journal of Chro
matography (1986) 354, 305-315 (En, 19 ref., 3 fig., 2 tab.] 
MAFF, Food Sci. Lab., Haldin House, Norwich NR2 4SX, 
United Kingdom. 

The procedures evaluated incorporated the most widely 
used stages of clean-up including solvent extraction and silica 
gel chromatographic clean-up, selective solvent extraction of the 
extracted residue, the use of deproteination prior to hydrophilic 
column liquid-liquid partition or solvent extraction and the use 
of pre-packed reversed-phase cartridges for the direct extraction 
of aflatoxin M 1 from the milk. Analysis times for each method, 
recoveries and relative costs are reported together with fluores
cence high-performance liquid chromatograms, obtained under 
identical conditions to compare the relative cleanliness of the 
final extracts produced by each method. A pre-packed reversed 
phase cartridge method was the most satisfactory in terms of 
speed, cost and cleanliness of final residue. 

616 CARISANO, A.; TORRE, G. DELLA Sensitive reversed
phase high performance liquid chromatographic determination 
of aflatoxin M 1 in dry milk. Journal of Chromatography (1986) 
355, 340-344 (En, 9 ref., 3 fig., I tab.] Laboratorio Controllo 
Qualita, STAR S.p.A., 20041 Agrate Brianza, Italy. 

A method which enables the determination of aflatoxin M 1 
(AFM 1) in reconstituted powdered milk at levels of less than 2 
ngjlitre is described. The separation of AFM1 from milk and its 
clean-up are performed using only a Sep-Pak C 18 cartridge and 
modest quantities of solvents. 
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Butter 

617 GRIGORYAN, K. M.; ELLER, K. 1.; MAKSIMENKO, L. V.; 
0SIPYAN, L. L.; TUMEL'YAN, V. A. (Production of toxins by 
Aspergillus spp. isolated from butter.] Mikologiya i Fitopato
logiya (1984) 18 (6) 470-474(Ru, II ref., I tab.] Erevanskil 
Gas. Universitet, Institut pitaniya AMN, Moscow, USSR. 

The toxicity of 4 Aspergillus spp. isolated from oiled-off 
butter was tested against Paramecium caudatum, white mice 
injected intra peritoneally and 9-day-old chick embryos. Many 
isolates of A. versicolor and A. nidulans were highly toxic to all 
3 test organisms and their toxicity was positively correlated with 
the concn of sterigmatocystin in a chloroform extract of cultures 
(3-1064 1'1(.100 ml). A.jfavus and S. sydowii were non-toxic or 
only slight y toxic and any toxicity was confined to their myce
lia. A.jiavus did not produce sterigmatocystin, and none of the 
fungi produced aflatoxins B, G or M. Spores of A. versicolor and 
A. nidulans were isolated from the air of butter warehouses. 

Cheese 

See also abst. 4/0 

618 BRANDL, E.; ASPERGER, H. (Occurrence of group D 
streptococci in cheese.] Zum Vorkommen von D-Streptokokken 
in Ktise. In Deutsche Veteriniirmedizinische Gesellschaft, 24 
Arbeitstagung des Arbeitsgebietes 'Lebensmittelhygiene' vom 
13.-16. September 1983 in Garmisch-Partenkirchen. Thema: 
Qualitiit und hygienische Wertigkeit vom Tier stammender 
Lebensmittel. Giessen/Lahn, German Federal Republic (1983) 
304-314 (De] Inst. (fir Milchhygiene & Milchtech., Univ. 
Wien, 1030 Vienna, Austria. 

In tests on 165 cheese samples, kanamycinjaesculin/azide 
(KAA) agar gave similar counts of enterococci to enterococci
selective differential (ESD) agar, except in hard cheese when 
the ESD agar gave higher values (P < 0.01 ). Membrane-filter 
enterococci-selective (ME) agar was less sensitiv.e than KAA 
agar when applied to surface-ripened soft cheese and semi-hard 
cheese, and gave higher values for hard cheese (P < 0.05). Of 
400 bacterial colonies isolated, 88% were identified as entero· 
cocci by KAA agar vs. 70% with ME agar. Counts and types of 
enterococci in 476 cheese samples estimated with KAA agar 
differed between and within cheese varieties, with counts rang
ing from 10-1000/g in processed cheese to 105-107jg in 
Bryndza, and tending to be greater in hard than in sem1-hard 
and soft cheeses. There was also considerable variation between 
and within factories, with counts of enterococci in white mould 
cheeses from l factory ranging from <100 to 7.4 million/g. The 
ratio of coliforms to enterococci ranged from I :1.44 in semi
hard cheese with eyes to 1: l 06 in other semi~hard cheeses. The 
tyramine and histamine contents of 103 samples of semi-hard 
cheeses varied in relation to enterococcal count, but correlation 
coeff. were only 0.34 and 0.09 for tyramine and histamine, resp. 

619 HANGST, E.; GLAESER, H. [Enterobacteriaceae in soft 
cheese.] Enterobacteriaceae in Weichkffse. In Deutsche Veter
iniirmedizinische Gesellschaft, 24 Arbeitstagung des Arbeit
sgebietes 'Lebensmittelhygiene' vom 13.-16. September 1983 in 
Garmisch-Partenkirchen. Thema: Qualitiit und hygienische 
Wertigkeit vom Tier stammender Lebensmiltel. Gies
senfLahn, German Federal Republic (1983) 315-320 (De] 
Fachhochschule fUr Tech., Anton GUnther Strasse 51, 7480 
Sigmaringcn, German Federal Republic. 

Applied to 12 samples of 4 types of soft cheese (wine 
cheese, Camembert, Limburger and Romadur), Violet red bile 
agar gave counts of enterobacteria 10-times higher than those 
with Brilliant green bile lactose broth, and VRBG agar gave 
higher coliform counts than Mossel broth. Of 44 isolates, 10 
were identified as Enterobacter aerogenes, 6 as Enterobacter 
liquefaciens, 6 as Escherichia coli, 6 as Citrobacter spp., 3 as 
Hafnia spp. and 2 as Proteus spp.; 10 were unclassified. How
ever, the pattern of isolates varied among cheeses and even 
among Camembert samples produced on different days at the 
same factory. 
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620 HAHN, G.; TOLLE, A. (Growth at 30 and 44.5"C for 
differentiation of coliforms isolated from soft cheese.} Zur Dif
ferenzierung aus Weichk!ise isolierter coliformer Kcime nach 
Anziichtung bci 30°C und 44.5°C. In Deutsche Veter
iniirmedizinische Gesellschaft, 25. Arbeitstagung des Arbeit
sgebietes Lebensmittelhygiene. 'Fortschritte in der 
hygienischen Qualitiitssicherung von Lebensmitteln. '. Gies
sen/Lahn, German Federal Republic (1984) 77-80 [De, 6 ref.] 

In Violet red bile (VRB) agar, 4 coliforms (Klebsiella 
oxytoca, Ha{nia alvei, Citrobacter freundii and Enterobacter 
cloacae) and 5 strains of Escherichia coli (isolated from con
taminated UHT milk and Camembert cheese) grew equally well 
at 30 or 44.5°C; mixed cultures behaved in a similar way to the 
pure cultures, so that parallel culture on VRB agar at 30 and 
44.5°C could not differentiate between Esch. coli and other 
coliforms. However, in Brilliant green bile lactose broth 
(BGBL) all but 1 Esc h. coli strain grew at 44.5°C whereas only 
Ent. cloacae of the other coliforms grew at that temp. Multipli
cation of mixed cultures containing Esc h. coli was I 0% lower at 
44.5 than at 30"C. In/ractice, parallel culture in BGBL broth 
at 30 and 44.5"C coul only be regarded as a rough guide to the 
differentiation of Esch. coli from other coliforms. However, 
examination of 200 Camembert cheese samples showed that 
66% of those which gave viable cultures at 44.5°C contained 
Esch. coli and 66% of the remainder were negative for Esch. 
coli. 

621 SONNENMOSER, H.; KESSLER, W. [Technical possibili
ties of controlling coliform microflora.] Technische MOg
lichkeiten zur Kontrolle der Cotiformen-Flara. Deutsche 
Molkerei-Zeitung (1984) 105 (38) 1231-1232, I 235- I 237 [De] 
Edelweiss-Milchwerke, Kempten, German Federal Republic. 

This lecture presented at the Kiel dairying week (Kieler 
Milchwirtschaftliche Woche) on 22-25 May 1984 discusses 
growth of coli forms and possibilities of recontamination at dif
ferent stages during the manufacture of Camembert cheese. 
Remedial measures to check the spread of coliforms and 
Escherichia coli in soft cheese are outhned and their applicabil
ity and effectiveness are considered. 

622 NUI'lEZ, M.; GAYA, P.; MEDINA, M. 1nfluenceofmanu
facturing and ripening conditions on the survival of Enter
obacteriaceae in Manchego cheese. Journal of Dairy Science 
(1985) 68 (4) 794-800 [En, 30 ref.) Dep. de Bioquimica & 
Microbial., Inst. Nacional de Investigaciones Agrarias, 
Apartado 8111, Madrid 28040, Spain. 

The effects of cooking temp., time and temp. of brine
salting, and temp. of ripening on the behaviour of Enterobacter
iaceae in Manchego cheese were studied. Cheeses from ewes' 
raw milk, manufactured and ripened under different conditions, 
were investigated throughout a 60-day ripening period. Differ
ences in pH due to temp.-dependent whey retention accounted 
for the effect of cooking temp. on coliform and faecal coliform 
counts. Temp. of brine-salting had no effect on Enterobacter
iaceae counts; a significant effect of salting time on Enter
obacteriaceae and faecal coliform counts was detected. 
Ripening temp. was the manufacturing variable with greatest 
influence (P < 0.01) on Enterobacteriaceae and coliform 
counts during the whole ripening period. 

623 BRANDL, E.; ASPERGER, H.; PFLEGER, F.; (BEN, C. 
(Occurrence of group D stre1.1tococci in cheese.] Zum Vorkom
men von D-Streptokokken tn Kiise. Archiv fiir Lebensmit
telhygiene (1985) 36 (1) 18-22 [De, en, 21 ref.] 
Veterinffrmedizinische Univ., A-1030 Vienna, Austria. 

Tabulated data are presented on the incidence of 
Lancefield group D streptococci (Streptococcus faeca/is subsp. 
faeca/is, S. _faecalis subsp. liquefaciens, S. faecalis subsp. 
zymogenes, S.faecium, S.faecium subsp. durans and unclassi
fied) in cheeses. The best medium for quantitative determina
tion of group D streptococci was kanamycin-aesculin-azide 
agar. Counts in 476 cheese samples ranged from < 10 to 107/g, 
with high counts commonly detected in hard cheeses, mould
ripened cheese and Brimsen. Wide variations were also observed 
in the types of enterococci in different cheeses. No correlations 
were observed between counts of enterococci and colifor"ms or 
between enterococci and histamine or tyramine contents. It was 
concluded that enterococci could nat serve as indicators of good 
cheese manufacturing practices or of health hazards. 
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624 RICHARD, J. [Changes in the surface microbial flora of 
Camembert cheese made from raw milk.) Evolution de Ia flare 
microbienne a Ia surface des Camemberts fabriques avec du lait 
cru. Lait(1984) 64 (645/646) 496-520 [Fr, en, 26 ref.] Lab. de 
Microbial. LaitiCre, INRA, 78350 Jouy-en-Josas, France. 

Samples of Camembert cheese at different stages of ripen
ing were examined throughout I yr at 6 different cheese facto
ries. 3 of the factories made cheese from non-refrigerated milk, 
2 used a 50-80% mixture of refrigerated milk in non-refriger
ated milk, and in 1 factory cheeses were made either from 
refrigerated milk or non-refrigerated milk. During ripening, the 
content of lactic acid bacteria in the rind was lower in cheese 
made from refrigerated milk; contents of salt-tolerant bacteria 
varied considerably from one factory to another. The orange
pigmented colonies were mainly coryneform bacteria which 
were able to utilize methionine with the production of 
methanethiol, which is a precursor of compounds giving the 
flavour of this type of cheese. Coliforms decreased during the l st 
wk of ripening and then increased; there were lower coliform 
counts in rind of cheese made from refrigerated milk. Charac
teristics of 652 lactose-positive and 343 lactose-negative strains 
of coliforms are summarized and the occurrence of Escherichia 
coli, Hafnia alvei, Serratia /iquefaciens and Citrobacter 
freundii in rind is discussed. The association between moulds 
and bacteria on the surface of the cheese was studied using 
scanning electron microscopy. Growth of coryneform bacteria 
on the Penicillium mat suggests that these organisms do not 
play an important role in cheese ripening. 

625 KARAtOANNOGLOU, P.; KOIDIS, P.; PAPAGEORGIOU, D.; 
MANTIS, A. Survival of Yersinia enterocolitica during the 
manufacture and storage of Feta cheese. Milchwissenschaft 
(1985) 40 (4) 204-206 [En, de, 18 ref.] Dep. of Food Hygiene & 
Tech., Sch. of Vet. Med., Aristotelian Univ. of Thessaloniki, 
Thessaloniki, Greece. 

The ability of Yersinia enterocolitica 4360 serotype 0:9 to 
grow and survive during the manufacture and storage of Feta 
cheese (from ewes' milk) was studied. When the acidity of the 
cheese developed rapidly and the pH of the curd was .;;4.6 
within 48 hat 22°C, counts of Y. enterocolitica decreased from 
3.361-8.1760 log c.f.u.fg cheese curd after 4 h at 22°C to 
1.6989-6.556 log c.f.u./g after 48 h and to undetectable 
amounts after 3-5 days. When cheese acidity developed slowly 
and the pH remained at about 5.3-5.5, Y. enteroco/itica was 
able to multiply in curd during storage for up to 4 days at 22"C 
and survived in cheese stored for 30 days at 4°C. 

626 AMAROWICZ, R.; SMOCZYNSKI, S. (Aflatoxins B and G 
in cheeses.} Aflatoksy_ny 8 i G w serach. Przeg/qd M/eczarski 
(1984) 33 (4) 7-8 [PI, 26 ref.] Zaktad Higieny Zywnosci i 
Zywienia, Katedra Zywicnia Cztowicka, ART Olsztyn, Poland. 

The literature on the production of the aflatoxins 81 and 
Gl by Aspergillus jiavus and A. parasiticus in cheese is 
reviewed, with particular regard to the effects of temp., surface 
moisture, pH, sugars, proteins, NaCI, atmospheric 0 2 and C02, 

fungistatic agents (sorbic acid, pimaricin and nisin) and other 
microorganisms (Streptococcus lactis, Lactobacillus casei, 
Brevibacterium linens and Penicillium candidum). 

627 ZERFtRtDIS, G. K. Production of aflatoxins on inocu
lated Teleme cheese. Journal of Food Protection (1985) 48 (1 I) 
961-964 [En, 30 ref., 2 tab.] Lab. Dairy Techno!., Fac. Agric., 
54006 Univ. Thessalaniki, Greece. 

Teleme cheese blocks inoculated with Aspergillus 
parasiticus were placed in plastic screw-cap containers and held 
at 5, 16 and 25°C. No mould growth appeared at 5"C and no 
aflatoxins were produced when cheese was kept completely 
immersed in brine. Aflatoxin was lower in amount at 16 than 
25°C and also lower in cheese partially immersed in brine than 
in cheese without brine. Aflatoxins B1 and G 1 appeared to 
increase during all the incubation time of 7 weeks at l6°C, 
while at 25°C they reached a max. in 3 weeks and decreased 
thereafter. Aflatoxins decreased in the order of G1, 8 1, G;, 8 2• 

AHa toxins diffused into the cheese to a depth of not more than 2 
em and the amount decreased as the distance from the surface 
increased. 

• 
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ANIMAL PROTEIN 

628 PETUSHKOVA, YU. P.; SHEMYAKINA, T. M.; CHERDYNT· 
SEVA, T. A. (Collagenolytic activity of bacteria belonging to 
the genus Bacillus, isolated from parchment and leather.j 
Mikrobiologiya (1984) 53 (4) 577-579 [Ru, en, 8 ref., I tab. 
Vsesoyuznyi Nauchno-issledovatel'skii Institut Restavratsii, 
Moskovskii Gosudarstvennyi Universitet im. M.B. 
Lomonosova, USSR. 

Four isolates of Bacillus, from museum leather or parch
ments showing signs of deterioration, were identified as B. sub
tilis, B. licheniformis, B. megaterium and B. pumi/us. The 
collagenolytic capacity of these 4 isolates was assessed by the 
evolution of oxyproline, in cultures to which insoluble collagen 
was added. B. subtilis was the most active, followed by B. 
megaterium and B. pumilus, B. licheniforrnis showed no col
lagenolytic activity. All 4 isolates also split casein. 

Leather 

629 PETUSHKOVA, Yu. P.; SHEMYAKINA, T. M.; CHERDYNT
SEVA, T. A. [Proteolytic activity of bacteria isolated from the 
surface of parchment manuscripts and leathercraft exhibits.j 
Mikrobiolo!Jiya (1984) 53 (3) 399-403 [Ru, en, 5 ref., 4 tab. 
Vsesoyuzny1 Nauchno-Issledovatel'skii Inst. Restavratsii, Mos
kovskii Gosydarstvennyi Univ. im M.V. Lomonosova, Moscow, 
USSR. 

From deteriorating specimens of mediaeval manuscripts on 
parchment, or of ancient leathercraft, a total of 58 bacterial strs. 
were isolated. All but 2 isolates grew in media containing either 
collagen or a suspension of modern parchment as the sole carbon 
source. The proteolytic capacity of these isolates was deter
mined by incubating them in the presence of casein. Protease 
synthesis was demonstrated in 46 of these isolates. It is sug
gested that the capacity for growth using collagen, linked with 
the elaboration of extracellular proteases, justify the assump
tion that such bacteria may be responsible_ for damage to parch
ments and leather. 

Animal fibres 

See also abst. 679 

Adhesives 

See also abst. 387 

PLANT FIBRES 

See also absts. 690, 841 

630 BROWN, A. E.; SHARMA, H. S. S. Spoilage of flax straw 
by Ceraceomyces sublaevis. Transactions of the British Myco
logica1Society(l986)86(l) 173-175 [En, IOref., I fig., I tab.] 
Pl. Path. Res. Div., Dep. Agric. Northern Ireland, Belfast BT9 
5PX, United Kingdom. 

C. sublaevis rotted inadequately dried flax straw. The fun
gus was not highly cellulolytic and xylanase, a constitutive 
enzyme of the organism, apparently played a major role in 
degradation of flax fibre. 

Lignin 

See also absts. 641, 705, 786 

Cellulose 

631 HIGHLEY, T. L.; MURMANIS, L.; PALMER, J. G. Ultras
tructural aspects of cellulose decomposition by white-rot fungi. 
Holzforschung (1984) 38 (2) 73-78 [En, de, 17 ref., 5 pl. BLL] 
FPL, USDA For. Serv., Madison, WI 53705, USA. 

Five white-rot fungi were grown on cellulose fibres of cot
ton and degradation was observed by SEM and TEM. The 
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white-rot fungi produced hyphal sheaths when grown on cellu
lose fibres, but sheaths were not generally present between the 
hyphae and fibres. Autolysing hyphae and diffusion of cytoplas
mic material into sheath or fibre was seldom observed. It is 
suggested that the sheath may not be involved in the degradative 
process but functions for attachment, nutrition, and protection. 
The fungi disrupted fibre surfaces. Degradation was not local
ized around hyphae but occurred at a distance from them. Thin
ning of fibres did not occur. It was concluded that the white-rot 
fungi produce a diffusible cellulose-degrading system. 

TIMBER 

See also absts. 689, 827, 840-841 

632 LIESE, W. Wet storage of windblown conifers in Ger
many. New Zealand Journal of Forestry (1984) 29 (I) 119-135 
[En, 41 ref., 5 pl.] lnst. f. Holzbiologie & Holzschutz, 
Bundesforschungsanst. f. Forst- & Holzwirtschaft, Hamburg, 
German Federal Republic. 

On 13 Nov. 1972 a windstorm with gale velocities of up to 
200 km/h struck NW Germany, particularly Lower Saxony, 
and flattened more than 100 000 ha of forest. Clearing of 17.6 
million m3 of timber was necessary. Of this total, 1.39 million 
m3 were placed under wet storage in sprinkler yards and in lakes 
and ponds. Assessments of the logs after several years of storage 
showed that in order to avoid decay water storage must be 
restricted to high quality logs with a high moisture content 
which are free of fungal infection. Water-stored spruce logs 
frequently showed staining to a darker colour in the outer 5-10 
mm of the stem. This creates problems if the wood is used for 
pulping, as the pulp is difficult to bleach and discolours more 
quickly than pulp from normal wood. After 4 yr sprinkler stor
age there was no significant strength reduction in spruce or pine. 
After 3 yr of sprinkling air-dry pine showed increased suscepti
bility to fungal deterioration. Preservative uptake by water
stored pine sapwood and its subsequent resistance to fungal 
attack did not differ significantly from the resronses of unstored 
sapwood. Sprinkler yards had no detriments effect on surface 
or groundwater systems, and there were no difficulties in mar
keting sprinkled logs. 

633 EsLYN, W. E.; HIGHLEY, T. L.; LOMBARD, F. F. Lon
gevity of untreated wood in use above ground. Forest Products 
Journal (1985) 35 (5) 28-35 [En, 19 ref.] For. Prod. Lab., 
USDA For. Serv., Madison, WI 53705, USA. 

Test crosses, constructed from 12 different softwoods and 9 
different hardwoods, were exposed on test fences for 9 to 12 
years in both southern MississipP.i and Wisconsin. The woods 
tested in Mississippi were classified into aboveground decay 
resistance groups. The sapwood of lodgepole pine, basswood, 
balsam poplar (Populus balsamifera), red alder (Alnus rubra), 
and sweetgum and the heartwood of sugar maple, yellow birch 
(Betula al/eghaniensis), and basswood decayed within an av. of 
7 years and were classified as nonresistant. Woods estimated to 
last over 20 years above ground, and thus classified as most 
resistant, included heartwood of Douglas-fir, redwood (Sequoia 
sempervirens), western white pine (Pinus monticola), red and 
white oak, and sapwood of red oak. The remaining woods fell in 
between these classes. In Wisconsin most woods decayed too 
slowly for estimates to be made of their longevity. The predomi
nant fungi in the Mississippi test site were: Gloeophyllum 
saepiarium. the white-rot fungus 'Unknown T,' Schizophyllum 
commune, the brown-rot fungus 'Unknown U,' and a Xy/aria 
sp. In Wisconsin, Peniophora cinerea, Phanerochaete 
chrysosporium, Meruliopsis corium, Irpex lacteus, and Peni
ophora violaceo-livida predominated. 

Terrestrial fungal attack 

See also absts. 678, 700, 704 

634 HIRATSUKA, Y.; LOMAN, A. A. Decay of aspen and 
balsam poplar in Alberta. Information Report, Northern Forest 
Research Centre, Canada (1984) No. NOR-X-262, v + 19 pp. 
ISBN 0-662-13377-3 (En, fr, 55 ref., 5 col. pl.] NFRC, Can. 
For. Serv., Edmonton, Alta. T6H 3S5, Canada. 
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A review of major decay·causing agents and types of decay 
of aspen (Populus tremuloides) and balsam poplar (P. bal
samijera), relations between decay and age, site and clone, 
decay management and the significance of decay and discolora· 
lion to utilization. Broadleaved trees (mainly P. tremuloides 
and P. balsamifera) represent about 40% of Alberta's forest 
resources, but utilization is only 1% of the total available. Phel
linus tremulae is thought to be the most important decay 
organism. 

635 MURMANIS, L.; HIGHLEY, T. L.; PALMER, J. G. An 
electron microscopy study of western hemlock degradation by 
the white-rot fungus Ganodefma applanatum, Holzforschung 
(1984) 38 (1) 11-18 [En, de, 13 ref., 6 pl. BLL) FPL, USDA 
For. Serv., Madison, WI 53705, USA. 

Western hemlock sawdust degraded by G. applanatum was 
examined microscopically. Small electron-dense particles were 
found in the cell wall at early stages of attack as well as in the 
hyphae and hypha! sheath. At advanced stages of degradation, 
large localized areas of deterioration were seen in the cell walls. 
These areas were in contact with hyphae that released vesicles 
into the cell wall. The electron-dense particles were not seen at 
this stage of deterioration. The hypha! sheath, in the absence of 
hyphae, degraded the cell walls. 

636 RUEL, K.; BARNOUD, F.; ERIKSSON, K. E. Ultrastruc
tural aspects of wood degradation by Sporotrichum pull'erulen
tum. Observations on spruce wood impregnated with glucose. 
Ho/zforschung (1984) 38 (2) 61-68 [En, de, 25 ref., 4 pl. BLL] 
Cent. Rech. sur les Macromolecules Vegetales, B.P. 68, F-
38402 St. Martin d'Heres- Cedex, France. 

Sample blocks of Picea abies sapwood were impregnated 
with glucose, to 2% of their dry wt., and inoculated with wild
typeS. pulverulentum for 6 wk. Microscopic observations were 
made by TEM, using a wider diaphragm than that normally 
used in order to collect diffracted electrons and hence obtain 
greater detail. The ultrastructural changes observed were very 
different from those seen when the fungus is grown on wood 
supplemented only with an inorganic salt medium. Large areas 
of the lignified tracheid wall were progressively freed of lignin 
leaving the cellulose framework clearly visible under minimum 
beam exposure. The well-documented close association between 
hemicelluloses and lignin was observed in progressively thinner 
clements from large bundles of cellulose fibrils down to elemen
tary fibrils 3-4 nm in width. The crystalline diffraction pattern 
of cellulose I was seen in areas of slight decay but disappeared 
progressively as decay increased. This was thought to be 
because of a cessation in the repression of cellulases when all the 
added glucose has been consumed. 

637 BRAID, G. H.; LINE, M. A. Preliminary evaluation of 
remedial treatments for soft-rot decay of eucalypt pole stubs. 
Holzforschung ( 1984) 38 (2) 69-72 [En, de, 16 ref. BLL] Dep. 
Agric. Sci., Univ. Tasmania, GPO Box 252C, Hobart, Tas. 
700 I, Australia. 

Pole specimens measuring 1.8 m were cut from the above
ground portions of weathered power transmission poles of Euca
lyptus globulus (and some E. obliqua) which had been removed 
from service in Tasmania. The poles had been treated with CCA 
10-15 years previously. The specimens were buried to one-third 
of their length and supplied with irrigation and sawdust rich in 
cultures of soft rot fungi in an attempt to hasten decay. Eleven 
remedial treatments were applied after 13 months. Core sam
ples were taken in Feb. 1979 (immediately before remedial 
treatment), Aug. 1979 and Feb. 1981. Three treatments had 
eood antifungal effects to a depth of at least 20 mm- bandages 
developed by CSJRO containing Busan-30 [TCMTB] or Blue-7 
[Cu-B-F] and a commercially developed 'Wolman CFB' band
age, containing Cu, F and B. 

638 RACZKOWSKI, J.; KRAUSS, A.; PACHA, R. (Setting of 
cement in the presence of Scots pine wood affected by brown 
stain.] Abbinden des Zements in Gegenwart von 
braunverfarbtem Kiefernholz. Holzforschung und Holzverwer
tung (1983) 35 (2) 40·43 [De, en, 20 ref., 1 pl. BLL) Inst. Wood 
Tech., Agric. Acad., Poznan, Poland. 

Studies were made on the hydration of Portland cement (a) 
alone, or with the addition (at the rate of about I 0% wt.fwt.) of 
particles prepared from pine sapwood (b) with or (c) without 
brown stain caused by the fungus Cytospora pini (syn. Discula 
brunneo-tingens). Hydration rate in (b) was on av. 7.0% 
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greater, and that in (c) 9.8% less, than that in (a). Time to max. 
hydration temp. in (b) was approx. 40 min less than in (c). Cold· 
and warm-water soluble and reducing sugar contents were 
about 1 !J less in stained than in unstained particles. It is con
cluded that pine wood exhibiting this brown stain can be used 
without restriction in the manufacture of wood cement. 

639 KERNER-GANG, W.; ORINDA, M. (Testing the resis
tance of plywood to wood-destroying basidiomycetes.] PrUfung 
der Widerstandsfahigkeit von Furnierplatten gegeniiber holz
zcrstOrenden Basidiomyceten. Holz als Roh- und Werkstoff 
( 1984) 42 (2) 41·49 [De, en, 20 ref., 2 pl. BLL] BAM, Berlin
Dahlem. 

A culture medium consisting of vermiculite + nutrient liq
uid + wood sample was evaluated in laboratory tests. Wood 
samples included solid wood and 5-ply plywood made from 
birch or beech alone, or in combination with silver fir or Norway 
spruce. Among various nutrient liquids tested, best results were 
obtained with a buffer (HCI + KCI)·malt sol. Either glass 
bottles or plastic test containers were suitable for use with the 
procedure. Effective decay rates were obtained using plywood 
attacked by Trametes versicolor {Coria/us versicolor], Len
linus cyathiformis, Stereum sp., and Gloeophyllum trabeum. 
In the case of C. versicolor, considerable mass losses were 
obtained even when a high concn. of wood preservative was 
present in the adhesive. 

640 WA2NY, J.; KRAJEWSKI, K. J. [Seasonal changes in the 
resistaf!~e of Scots pine to wood-destroying fungi.] Jahreszcit
liche Anderungcn der Dauerhaftigkeit von Kiefernholz 
gegenilber holzzersttirenden Pilzen. Holz als Roh- und Werk
stoff (1984) 42 (2) 55-58 [De, en, 7 ref. BLL] Inst. Wood 
Preservation, Agric. Univ., Warsaw, Poland. 

Bore samples were taken from 85-yr-old pine trees in 
Poland over the course of a year (March 1980-March 1981), at 
2-wk intervals corresponding to new- and full-moon cycles. The 
samples were subjected to attack by Coniophora puteana, Ster
eum hirsuturn or Chaetomium globosum in pure culture for 12 
wk. In general, resistance increased from May to mid-Feb., and 
decreased from mid-Feb. to March or April. Samples obtained 
from Nov. to mid-Feb. were most resistant to attack. No influ
ence oflunar phases on resistance to decay could be determined. 
Reference is made to the relevance of felling season to resistance 
to decay. 

641 SHJNMOTO, M.; OK!, T.; ISHIKAWA, H. (Mechanism of 
delignification during wood-rotting.] Memoirs oft he College of 
Agriculture, Ehime University (1985) 29 (3) 285-300 [Ja, en, 
23 ref., 2 pl. En captions) Lab. Wood Chern., Coli. Agric., 
Ehime Univ., Matsuyama, Japan. 

Thirty seven white-rot fungi were grown on sawagurumi 
[Pterocarya rhoifolia] wood chips or in sawagurumi dioxane 
lignin cultures. Fungi were of 2 types: phenoloxidase-lacking, 
e.g. Phanerochaete chrysosporium or phenoloxidase-rich, e.g. 
Coriolus versicolor. Chemical and physical analyses of the 
wood chip and dioxane lignins are reported in detail. Lignin in 
the wood chips was more slowly degraded than dioxane lignin in 
the cultures. The chemical mechanisms of degradation are dis
cussed. Lignin in the wood chips was degraded by both types of 
fungi, whereas dioxane lignin was depolymerized to a lower 
molecular weight by phenoloxidase-lacking fungi, but predomi
nantly polymerized by phenoloxidase rich fungi. Anatomical 
chan~es occurring during decay of the wood chips were 
exammed by SEM. All the fungi secreted extracellular enzymes 
which reacted with the cell wall. Various mutants caused 
defibration of the chip by attacking the middle lamella. Other 
fungi caused a progressive thinning of the cell wall starting from 
the lumen of the cell. 

642 SHAMOUN, S. F.; LEVI, M. P. A chemical and micro
scopic study of decayed earlywood and latewood of loblolly pine 
killed by the southern pine beetle [Dendroctonus frontalis]. 
Wood and Fiber Science (1985) 17 (1) 22-28 [En, 21 ref., 3 pl.] 
Dep. Wood & Paper Sci. NC State Univ., PO Box 5488, 
Raleigh, NC 27650, USA. 

The trees studied had been dead for about 20 months, and 
were harvested near Jacksonville, North Carolina. Decay 
occurred in both earlywood and latewood although the rate of 
deterioration was greater in the earlywood. The dominant pat
terns of decay in earlywood were dissolution of the secondary 
walls from the lumen outward toward the middle lamella, and 



finally a total destruction of cell-wall structure. Decay in 
latewood was characterized by localized dissolution of the sec
ondary walls, and the formation of 'soft-rot' type cavities in the 
S 2 layer of the secondary walls. Chemical analysis showed little 
or no difference in proportions of holocellulose and lignin in 
earlywood and latewood of sound and beetle-killed wood. Solu
bility in l% NaOH, of both earlywood and latewood, was signif
icantly greater in beetle-killed wood than in sound wood. These 
characteristics suggest that the primary fungus responsible for 
decay may be Peniophora sp., a fungus commonly found in 
stored southern pine logs. The results indicate that the beetle
killed wood could be used successfully as a furnish for pulp and 
reconstituted board products. 

643 ZABEL, R. A.; LOMBARD, F. F.; WANG, C. J. K.; TER· 
RACINA, F. Fungi associated with decay in treated southern 
pine utility poles in the eastern United States. Wood and Fiber 
Science (1985) 17 (l) 75-91 [En, 26 ref., l pl.] Dep. Envir. & 
For. Bioi., SUNY Coli. Envir. Sci. & For., Syracuse, NY 
13210, USA. 

Approx. 1320 fungi were isolated and studied from 246 
creosote- or PCP-treated southern pine poles in service in the 
eastern United States. The fungi identified were Basidiomy
cetes, soft rot fungi, and microfungi. White rot fungi 
predominated in the 262 Basidiomycetes isolated from 180 
poles. The major Basidiomycetes isolated by radial position 
from poles of varying service ages appeared to develop mitially 
in the outer treated zones and were often associated with season
ing checks. Some decay origins, however, appeared to be cases 
of preinvasion and escape of preservative treatment. Five species 
of soft rot fungi comprised nearly 85% of 211 isolates obtained 
from 131 poles. They were isolated primarily from creosote
treated poles in outer treated zones at the groundline. Dissection 
analysis of 92 poles indicated 6 developmental decay patterns, 
and certain fungi were associated commonly with a pattern. The 
pole mycoftora isolated was relatively uniform in distribution 
throughout the eastern United States. The soft rot fungi and 
white rot group of Basidiomycetes appear to be more important 
components of the treated southern pine pole mycoftora than 
has been recognized previously. 

644 MORRELL, J. J.; ZABEL, R. A. Wood strength and 
weight losses caused by soft rot fungi isolated from treated 
southern pine utility poles. Wood and Fiber Science (1985) 17 
(I) 132-143 [En, 32 ref., I pl.] Dep. Envir. & For. Bioi., SUNY 
Coil. Envir. Sci. & For. Syracuse, NY 13210, USA. 

Six soft rot fungi, commonly isolated from preservative
treated southern pine poles in service, were tested for their 
capacities to cause wt. loss, anatomical damage, and tensile 
strength loss in southern pine [Pinus taeda] and American 
beech [Fagus grandifolia]. The fungi isolated were: 
Chaetomium globosum, Phialocephala dimorphospora, Phi
alophora sp., Phialophora heteromorpha, Phialophora fas
tigiata, Alternaria alternata and Cladosporium resinae (a non
decay reference fungus). The fungi caused significant losses in 
both wood wt. and strength in laboratory tests at 2- and 4-month 
periods. The wt. losses were greater in beech than in pine and 
mcreased with incubation time, although not linearly. Wt.losses 
caused by some fungi varied substantially with incubation temp. 
Strength was reduced more rapidly in pine, and losses attained 
were up to 88% of the original wood tensile strength. Strength 
losses were lower in beech and appeared to be delayed. Reasons 
for this variation are presented, and the potential of soft rot 
fungi to affect the service life of treated wood products in ground 
contact considered. 

645 SEEHANN. G. {Variation in decay resistance in African 
timbers.) Zur Variation der Pilzresistcnz in afrikanischen HOI
zero. Holz a/s Roh- und Werksto.ff(l984) 42 (9) 321-326 [De, 
en, 16 ref. BLL] Inst. Wood Bioi. & Wood Preservation, BFH, 
Hamburg, German Federal Republic. 

Studies were made on samples of Cy/icodiscus gabunensis, 
Fagara cf. tessmannii, Fernandoa adolfi-fridericii, and 
K/ainedoxa biisgenii [K. buesgenii} obtained from trees grown 
in Cameroon. In laboratory tests, samples were exposed to 
attack by Coniophora puteana, Trametes versicolor {Corio/us 
versicolor}, or Chaetomium globosum for a 4-month period. 
Resistance to decay (expressed as mass loss) was analysed in 
relation to radial position across stem, wood density, and pale
ness of heartwood colour. In C. gabunensis, F. ado/ji-fridericii, 
and K. buesgenii, heartwood in a 5-10 em zone adjacent to 

151 

sapwood was more resistant than interior heartwood. N.s.d. in 
decay resistance was found in relation to density or colour. 
Considerable within-stem variation in decay resistance was 
found, indicating potential grading problems in these species. 

646 BETTUCCT, L. [Colonizing activity of basidiomycetes on 
wood buried in three volcanic soils under laboratory conditions.] 
ActivitC colonisatrice des basidiomycetes sur bois enterrCs dans 
trois sols volcaniques sous conditions de laboratoire. 
Cryptogamie, Mycologie (1985) 6 (4) 249-263 [Fr, en, es, 24 
ref., 5 tab.] Rambla M. Gandhi 373, Montevideo, Uruguay. 

Small wooden pieces, preincubated for different periods in 
dry rehumidified soils and fresh soils, were incubated with 
wooden pieces inoculated with a basidiomycete isolate. The 
same treatment was done using sterile soils. Drying and 
rehumidification reduced and modified the soil microflora. The 
lignophilic microflora colonizing wood preincubated in dry 
rehumidified soils is different from that in wood preincubated in 
the corresponding fresh soils. In all cases the lignophilic 
microftora limited the colonizing capacity of the basidiomy
cetes. This capacity did not depend on the period of wood prei
ncubation in the soil. The results do not confirm the idea that 
basidiomycetes colonize only after colonization by a microflora 
with constituents with a more reduced enzyme system. 

647 BALASUNDARAN, M.; NAZMA; GNANAHARAN, R. 
Wood of Mesua nagassarium (Burm. f.) Kosterm.- its natural 
resistance to decay fungi. Material und Organismen (1985) 20 
(3) 215-220 [En, de, fr, 4 ref., l tab.] Kerala Forest Res. lnst., 
Peechi, India. 

M. nagassarium wood from Kerala, India, was tested for 
its natural resistance to 7 spp. of decay fungi under accelerated 
lab. conditions. Poly porus palustris was most virulent, followed 
by, in order of decreasing virulence, P. [PycnoporuS] 
sanguineus, Lenzites trabea [Gloeophyllum trabeum], Poly
porus [Corio/us] versicolor, P. [C.j hirsutus and P. meliae. 
Irpexjlavus was least virulent. C. versicolor caused the greatest 
wt. loss in the test blocks. M. nagassarium wood was classified 
as highly resistant, although there was considerable variation 
among the 5 trees tested. 

648 COATES, D.; RAYNER, A. D. M. Fungal population and 
community development in cut beech logs I. Establishment via the 
aerial cut surface- New Phyto/ogist (1985) 101 (l) 153-171 
[En, 15 ref., 10 fig., 12 tab.] Sch. Bioi. Sci., Univ. Bath, 
Claverton Down, Bath BA2 7AY, United Kingdom. 

When >450 beech (Fagus sylvatica) logs (l0-20 em 
diam., 30-40 em long) were cut from freshly felled trees and 
placed upright I m apart with their bases buried up to lO em 
deep in a plot c. 600 m2 in a mixed deciduous woodland in 
Gloucestershire many ascomycetes, basidiomycetes and fungi 
imperfecti were identified, from the vicinity of the aerial cut 
surface within the first 6 months after cutting. Some such as 
Coriolus versicolor subsequently increased in occurrence, 
whereas others, including Chondrostereum purpureum, 
declined. Isolation onto malt agar from thin sections of wood 
revealed some fungi, notably a Fusarium sp., not detected by 
direct means. In addition, homokaryons of Bjerkandera adusta 
[Polyporus adustus] and C. versicolor were isolated from near 
the aerial cut surface up to 2 yr after cutting, and lower down, 
mostly up until 6 months after cutting (thereafter heterokary
ons predominated). Moreover, evidence was obtained that small 
volumes of discoloured, but not strongly decayed wood some
times contained large numbers of mutually antagonistic individ
uals (up to 30/cm3) of the decay spp. P. adustus, C. versicolor 
and Stereum hirsutum. Vertical penetration from the aerial cut 
surface showed a marked lag phase, such that for the first 6 wk 
after cutting, overt colonization was restricted to c. 3 mm depth. 
Thereafter the depth occupied increased rapidly. 

649 COATES, D.; RAYNER, A. D. M. Fungal population and 
community development in cut beech logs. II. Establishment via 
the buried cut surface. New Phyto/ogist (1985) 101 (l) 173-181 
[En, 12 ref., 3 fig., 3 tab.] Sch. Bioi. Sci., Univ. Bath, Claverton 
Down, Bath BA2 7 A Y, United Kingdom. 

Patterns of fungal colonization from the base of cut beech 
(Fagus) logs placed upright and partly buried in the ground at a 
mixed deciduous woodland site were fundamentally different 
from those from the aerial cut surface. Principal colonists 
resulting in decay, and mostly arriving within 3 months, were 
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the ascomycete Xylaria hypoxylon and various rhizo
morph/mycelial cord~forming basidiomycetes, including 
Armillaria bulbosa, Phallus lmpudicus, Phanerochaete velu
tina and Tricholomopsis platyphylla. Apart from A. bulbosa, 
these generally readily formed mycelial mats on the basal sur
face, between which somatic incompatibility reactions were 
often observed. Most frequent reactions occurred with X. 
hypoxylon which almost invariably produced numerous individ
uals in discrete decay columns. By contrast, lack of somatic 
incompatibility reactions between isolates of A. bulbosa indi
cated that a single extensive mycelial type occurred throughout 
the site. The occurrence of somatic incompatibility between 
isolates of P. velutina from different logs indicated independent 
establishment, presumably via basidiospores, and this was con
sistent with the unusually late arrival of the sp. at the site. In no 
cases were numerous somatically incompatible individuals iso
lated from small volumes of wood lacking demarcation into 
discrete columns, as had been observed near the aerial cut sur
face. Vertical penetration from the base was more rapid than 
from the aerial cut surface, with X. hypoxylon a major pioneer 
species, and there was no pronounced lag phase. 

650 COATES, D.; RAYNER, A. D. M. Fungal population and 
community development in cut beech logs. Ill. Spatial dynamics, 
interactions and strategies. New Phyto/ogist (1985) 101 (I) 
183-198 [En, 18 ref., 6 fig., 6 tab.] Sch. Bioi. Sci., Univ. Bath, 
Claverton Down, Bath, BA2 7AY, United Kingdom. 

The spatial development, in beech logs exposed to air-borne 
and soil-borne inoculum, of mature fungal communities con
taining mutually or unilaterally exclusive mycelia of decay spp. 
is described and related to the ecological strategies and interac
tion of participant individuals. A combative hierarchy is recog
nized between (i) ruderal and/or stress-tolerant individuals 
which are spatially dominant early on and then decline, through 
(ii) air-borne combative individuals of decay fungi, such as 
Coriolus versicolor and Stereum hirsutum, which establish 
mutually exclusive decay columns expanding away from the 
aerial cut surface, and culminating with (iii) highly combative 
individuals of mycelial cord-formers such as Phallus impudicus 
and Phanerochaete velutina, which invade slowly from the base, 
ultimately occupying large volumes of wood. causing intense 
decay, and replacing many of the pioneers. 

Addition of basidiospore suspensions of Bjerkandera 
adusta [Polyporus adustus], C. versicolor, Hypholoma fas
dculare or S. hirsutum to the aerial cut surface appeared to 
affect community dynamics and functioning markedly. Devel
opment of decay columns by air-borne fungi was inhibited and 
associated with enhanced vertical penetration by basally colo
nizing fungi, and persistence of the relatively non-combative 
spp. Xylaria hypoxylon and Armillaria bulbosa. Re-cutting of 
the aerial surface resulted in community development patterns 
somewhat intermediate between those in naturally colonized 
and inoculated logs. 

651 REDHEAD, S. A.; G!NNS, J. H, A reappraisal of agaric 
genera associated with brown rots of wood. Transactions of the 
Mycological Society of Japan (1985) 26 (3) 349-381 [En, 159 
ref., 10 fig.] Biosystematacs Res. Inst., Agriculture Canada, 
Ottawa, Ont., Canada KIA OC6. 

The taxonomic value of rot type in the higher basidiomy
cetes is discussed. Genera in the Agaricales known to cause 
brown rots are reviewed and 3 new genera are proposed. 

652 HEGARTY, B. M.; CURRAN, P. M. T. The biodeteriora
tion of beech by marine and non·marine fungi in response to 
temperature, pH, light and dark. International Biodeterioration 
(1985) 21 (I) 11-17 [En, 35 ref.,4 fig., 2 tab.] Dep. Bot.,Sch. 
Marine Sci., Univ. Coli., Galway, Irish Republic. 

The wood-rotting ability of marine and non-marine fungi 
(Alternaria sp., Cladosporium herbarum, Dendryphiella 
salina, Monodictys pelagica, Stachybotrys atra, Zalerion 
maritimum, Chaetomium globosum, Sordaria fimicola) in 
response to temperature, pH, light and dark was investigated 
using vermiculite burial and wood block weight loss estimation 
techniques. Max. wood decay by the majority of test fungi was 
recorded in the l5°-25°C range; while additions of Abrams' 
salts increased the weight losses produced at opt. temp., they 
had little effect on decay at the extremes of the temp. range. 
Results of the pH studies showed that the fungi produced great
est weight losses of wood in the 5.0-8.0 pH range. Generally, 
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comparable weight losses were recorded for test fungi under 
light and dark conditions. 

653 SUTHERLAND, J. B. Regulation of cellulolytic activity in 
the white-rot fungus lschnoderma resinosum. Mycologia ( 1986) 
78 (I) 52-55 [En, 21 ref., I fig., 2 tab.] lnst. Wood Res. 
BioSource lnst., Michigan Technol. Univ., Houghton, Ml 
49931, USA. 

The fungus, which can selectively remove lignin from 
wood, was grown on soluble media in stationary submerged 
cultures to investigate the effects of various carbohydrates on 
cellulolytic activity. The activities of extracellular cellulases (fil
ter paper activity and carboxymethyl cellulase) were higher in 
cultures grown on carboxymethyl cellulose than in those on 
xylan or glucose. Carboxymethyl cellulase was induced in succi
nate-grown cultures after the addition of cellobiose or carbox
ymethyl cellulose; Jl-glucosidase was induced by cellobiose. 
Supplemental xylose, arabinose, fucose, glucuronic acid, and 
several other carbohydrates were catabolite repressors of cellu
lase activity. 

Marine/aquatic fungal attack 

See also abst. 652 

Insect attack 

See also absts. 660, 688, 834 

654 THAKUR, M. L. Further records of occurrence and 
incidence of damage by termites of the genus Cryptotermes 
Banks in India (Isoptera: Kalotermitidae). Journal of the Bom
bay Natural History Society (1984) 81 (2) 497-500 [En, 8 ref.] 
Disease-Insect Survey, Forest Research Centre, Coimbatore, 
India. 

In India, native species of Cryptotermes attack dead and 
dry portions of living trees, while introduced species of the genus 
attack timber in buildings, household furniture and other 
wooden structures. In this paper, the author gives new records of 
the occurrence and incidence of damage by the introduced spe
cies C. domesticus and C. dudleyi. The former species has 
recently been collected at Kovalam Beach and 
Kesavadasapuram, Kerala, and the latter at Aryad, near 
Alleppey. 

655 YU, K. Y.; CHUNG, Y. W.; LEE, M. H.; JAE, J. W. 
{Study on shipboard fumigation of the imported logs.} Korean 
Journal of Plant Protection (1984) 23 (I) 37-41 [Ko, en, 3 ref.] 
National Plant Quarantine Office, Anyang City, Kyunggi-do, 
171 Korea Republic. 

A list is given of 24 insect species intercepted in the Korea 
Republic in imported logs that had been fumigated with methyl 
bromide in the ship. All these species and also Sitophilus oryzae 
were found to be killed by fumigation either for 24 h with 25 Jl 
methyl bromidefm3 at 10-20•C or for 16 h with 37.5 gfm, 
using fans 30 em in diameter at 1800 rpm; these values were 
calculated as dose X time products. The use of 2 fans per hold 
reduced the time required for dispersing the gas from 4-6 to 
1-3 h. 

656 BROWNE, F. G. Bark beetles and ambrosia beetles (Col
eoptera, Scolytidae and Platypodidae) intercepted at Japanese 
ports, with descriptions of new species, XI. Kontyu ( 1985) 53 
(I) 190-198 [En, I ref.)l9, Vivienne Close, Twickenham, Mid
dlesex, United Kingdom. 

Data on about 20 species of scolytids and platypodids inter
cepted on imported timber at ports in Japan are provided, and a 
further 8 new species are described. 

657 DAI, Z. R.; XIE, X. Y.; HUANG, Z. Y. [Natural resis
tance of 22 timber species to Coptotermes formosanus Shiraki in 
a laboratory test.] Acta Entomo/ogica Sinica (1985) 28 (2) 238-
240 [Ch, 4 ref.] Guangdong Institute of Entomology, China. 

The natural resistance of the timber of22 tree species to the 
termite Coptotermes formosanus was determined in laboratory 
tests in Guangdong Province, China. The results showed that 
the most resistant species were Madhuca hainanensis, Litchi 
chinensis, Vatica astrotricha, Tectona grandis, Robinia 

• 



pseudacacia, Alseodaphne hainanensis, Homalium hainanense 
and Hopea hainanensis. 

658 KNY, U.; KOHNE, H. [Tbe elfectivepess of contact 
insecticides against various termite species.] Uber die Wirk
samkeit von Kontaktinsektiziden gegen verschiedene 
Termitenarten. Holz a/s Roh- und Werkstoff(l983) 41 (12) 
499-504 [De, en, 14 ref., 1 pl. BLL] 

The following insecticides were tested on 7 species of ter
mites: (a) endosulfan, (b) triazophos, (c) permethrin, (d) 
BPMC [fenobucarb], (e) propoxur, and (f) propoxurfphoxim. 
Samples of Pinus sylvestris were exposed in selective and com
pulsory feeding tests to Mastotermes darwiniensis, Kalotermes 
flavicollis. K. castaneus, K. jouteli. cmy totermes dudleyi, 
Heterotermes indica/a and Coptotermes ormosanus and the 
degree of damage to the wood was record on a 4-point scale: I, 
gnawing traces; II, sli~ht attack; III, medium attack; IV, severe 
attack. Damage was hmited to type I or II by application of: (a) 
0.9, (b) 0.8, (c) 1.0 (or more after leaching), (d) 2.0, (e) 2.0 (or 
more after leaching), and (f) 2.0 kgfm3• 

659 DOMINIK, J. [Lyctidae as wood pests in Poland.] 
Miazgowce (Lyctidae, Col.) jake szkodniki drewna w Polsce. 
Sylwan (1981) 125 (4) 63·68 [PI, ru, en, 19 ref.] 

A review of recent data on the distribution, biology, eco
nomic significance, prevention and direct control of Lyctus 
linearis, L. pubescens and L. brunneus in Poland. Owadofos 
(fenitrothion), Ekation (thiometon), Lasochron DDVP 
(lindane/DMDT [methoxychlor]/dichlorvos) and Thiodan 
(endosulfan) are recommended as wood preservatives, and heat 
treatment at approx. 80°C and 80% RH ts a possible alternative 
to chemical control methods in some circumstances. 

Preservation 

See also absts. 637. 688, 708, 826 

660 BERRY, R. W. Cypermethrin: a new insecticide for 
wood preservation. Building Research Establishment Informa
tion Paper (1984) No. IP 18/84, [4] pp. [En, IO ref., 1 fig.] 

The effectiveness of cypermethrin in preventative and 
remedial wood preservative formulations against various insect 
pests was determined in studies in the United Kingdom. Labora
tory tests with Anobium punctatum, Hylotrupes bajulus, Lyc
tus sp. and Reticulitermes santonensis indicated that 
cypermethrin was at least as toxic as lindane. Concentrations 
thought likely to achieve adequate insecticidal loadings for pre
treatment and remedial treatment formulations (for pine sap
wood) were 0.05 and 0.1 %, respectively. The data indicated that 
cypermethrin was more suitable for emulsion-based remedial 
treatment formulations than were chlorinated hydrocarbons, 
since such formulations were less vulnerable to volatilization; 
however, further assessment under practical conditions was con
sidered necessary. 

661 WALCHLI, 0. [Tbe effectiveness of coal-tar oils as wood 
preservatives.] Biologische Wirkamkeit von SteinkohlenteerHI. 
Holz a/s Roh- und Werkstoff (1983) 41 (11) 465·469 [De, en, 
29 ref. BLL] EidgenHssische MaterialprUfungs- und Versuch
sanst. (EMPA), St. Gallen, Switzerland. 

A paper presented at the International Creosote Confer
ence in Amsterdam, Netherlands, 10-ll Nov. 1982. A review of 
available reports on coal-tar oils as wood preservatives revealed 
that despite great variations in their composition and properties 
there were no major differences in their biological effectiveness. 
The fungicidal effects of various fraCtions and isolated sub
stances and their influence on the long-tei1n, protectiveness and 
penetrability of the coal tar oils are discusSed ... A literature 
review of results of tests on the importance of acid phenols in the 
coal tar oil showed that these fractions were no more important 
in determining the antifungal elfect of creosote than other fun
gicidal compounds present. 

662 VIITANEN, H. Presenation of wooden boards. 
Tutkimuksia. Valtion Tekni/Unen Tutkimuskesmus, Finland 
(1984) No. 327, 57 pp. [En. 39 ref.] VTT, Puulaboratorio, 
Puumiehenkuja 2A, 02150 Espoo 15, Finland. 

A variety of preservatives and methods of treatment were 
tested for phenolic-glued birch and spruce plywood and PF- and 
UMF-(urea-melamine-formaldehyde) bonded particleboards. 
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Impregnation of finished boards was difficult with plywood and 
drying was slow for both plywood and particleboard. Treating 
wet veneers with acidic, oxidative or boron containing preserva
tives weakened the strength of the glue joint. Ammoniacal cop
per compounds gave good results. Immersion and spraying of 
dry veneers gave better protection against decay than adding 
preservative to the adhesive. TBTO applied by immersion or 
spraying was effective against C. puteana but not against mould. 
Impregnating veneers with CCA prior to gluing, at a concn. 
effective against decay, weakened the glue joint. Preservative 
treatments did not affect the strength of particleboards. Adding 
preservatives to the adhesive was more effective against termites 
than against decay. Permethrin applied before gluing gave bet
ter protection in plywood than did treating the adhesive. Edge 
sealing of plywood boards reduced preservative leaching and 
increased decay resistance in untreated plywood. Edge sealing 
with acrylate paint and coating with phenolic film prevented 
leaching and decay in treated and untreated plywood and in PF 
particleboard. 

663 BABOS, K. [Biological method for detection of chlorin
ated phenolic preservatives in wood.] Biol6giai m6dszer a 
kl6ro~ott fenoltartalmU vCdOszerek kimutat:is:ira a faanyagban. 
Erdo (1981) 30 (11) 510-513 [Hu, 2 pl.] 

Small specimens of oven-dry Scots pine sapwood contain
ing PCP preservatives were placed on maltose agar inoculated 
with a spore suspension of Aspergillus niger. After incubating 
for 4-5 days at room temp. the effectiveness of treatment was 
determined from the width of the fungus-free zone on either side 
of the specimen. In aging tests, specimens treated to saturation 
with PCP-Na (up to 5% aqueous sol.) retained their antifungal 
properties much better than specimens treated with the com
mercial PCP-containing agents Xylamon and Xyladecor. 
Results suggest that Xylamon treatments on surfaces exposed to 
weather should be repeated every 1-2 yr. 

664 MORISAWA, Y.; KATAOKA, M.; NAGAHORI, H.; 
SAKAMOTO, T.; NAKATA, Y.; KONISHI, K.; AlBA, T.; MIZUNO, 
T.; 0NO, S.; MATSUNAGA, H.; NISHIMOTO, K. Synthesis and 
antifungal activity of trihaloallyl and trihaloacryl derivatives. 
Holzforschung (1984) 38 (4) 225-231 [En, de, 15 ref. BLL] 
Chern. Res. Lab., Sankyo Co. Ltd., Shinagawa·k.u, Tokyo. 

Trihaloallyl and trihaloacryl derivatives were synthesized 
for wood preservative evaluation. It was shown in bioassays that 
the presence of iodine in the compounds is important for 
antifungal activity. Among the compounds tested, triiodo- and 
monobromodiiodo-allyl esters and -acryl esters were found to 
possess marked protective action to wood moulds and wood 
decay fungi. 3-Ethoxycarbonyloxy-1-bromo·l ,2-diiodopropene 
was chosen as the most promising potential wood preservative as 
it also showed insecticidal activity. 

665 LEE, A. W. C. ElfectofCCA-treating and air-drying on 
the properties of southern pine lumber and plywood. Wood and 
Fiber Science (1985) 17 (2) 209-213 [En, 6 ref.] Dep. For., 
Clemson Univ., Clemson, SC 29631, USA. 

Matched samples of southern pine lumber and plywood 
were treated with CCA-preservative and then air-dried. When 
conditioned at the same RH and temp. the treated lumber and 
plywood had significantly higher m.c. than untreated samples. 
The CCA treatment and air-drying did not affect the bending 
and shear properties of lumber when retention level was 0.6 
lb/ft3

• Compressive strength of treated lumber was reduced by 
9% and it was attributed to the higher e.m.c. associated with 
treated lumber. Bending and glueline properties of treated ply
wood were reduced by about 10% because of the increased 
e.m.c. of treated material. 

666 ALSTON, A. S.; KAsHVAP, S. R. Preservative treated 
thatching. Fiji Timbers and their Uses. Department of For
estry, Fiji (1984) No. 76, 7 pp. [En, 1 pl.] 

The thatched roofs of 8 Fijian •bure' structures, treated 
with Boliden K33 or Tanalith NCA (2 CCA treatments) by 
various methods, were observed for several years and the uptake 
of preservative and a visual assessment of performance were 
recorded. The thatch materials used were palm leaves (Metrox
ylon vitiense), reed stalks/leaves (Miscanthus j/oridulus), grass 
stalks (Vetiveria zizanioides], and guinea grass (Panicum max
imum). Trials were also set up with test panels of palm leaves 
treated with one of several preservatives. On the basis of the 
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results it is recommended that for large undertakings the mate
rial should be air-dried and then pressure-treated with a 3% 
CCA solution; uptake by reed leaves is about 560 litres perm' of 
displaced vol., whereas uptake by palm leaves is about 325 
litres(.m3• With pressure treatment however, there is an appreci
able ass of material during handling. For small undertakings 
the thatch should be dipped or sprayed in CCA or a 
combination. 

667 ALSTON, A. S. Sapstain and its control. Fiji Timbers 
and their Uses, Department of Forestry, Fiji (1984) No. 77, 10 
pp. [En, l pl.] 

A brief guide to the prevention of sapstain in 'Fiji' pine 
(Pinus caribaea), slash pine (Pinus elliollii), kauvula (Endos
permum macrophyllum) and mavota (Gonystylus punctatus). 
Recommendations include prompt extraction and milling, dip
ping or spraying with chemicals, and proper seasoning proce
dure. A table of 10 anti-sapstain chemicals shows formulation, 
suggested concn., costs, etc. 

668 HILLER, J. C.; PERREY, H.; RITTER, H. (Wood preser
vation using organic reactive systems and biocidal oligomers.] 
Holzschutz durch organische Reaktivsysteme und biozide 
Oligomere. Holzforschung und Holzverwertung (1984) 36 (4) 
65-67 [De, en, 14 ref. BLL] Desowag-Bayer Holzschutz 
GmbH, Krefeld, German Federal Republic. 

A report on laboratory tests on some new wood preserva
tion methods. Samples of acetylated Scots pine sapwood (20% 
acetyl content) were completely resistant to attack from fungi 
(Coniophora puteana and Poria placenta) and wood borers 
(Hylotrupes bajulus larvae), but not termites. The treatment of 
wood Hour with various organic reagents under mild reaction 
conditions ( <60°C) is also discussed. Studies were made on 
wood treated with high molecular weight synthetic organic 
oligomers; solutions of a sulphenamide dimer provided effective 
resistance to fungal attack. Results indicate that surface treat
ment with certain oligomers can provide long-term protection, 
with minimal environmental side effects (from atmospheric con
tamination etc.). 

669 PIZZI, A.; 0ROVAN, E.; SINGMIN, M.; JANSEN, A.; VOGEL, 
M. C. Experimental variations in the distribution of CCA 
preservative in lignin and holocellulose as a function of treating 
conditions (temperature, concentration, pH, species, and time). 
Holzforschung und Holzverwertung (1984) 36 (4) 67-77 [En, 
de, lO ref. BLL] National Timber Res. Inst., Pretoria, South 
Africa. 

Distribution and retention of Cu, Cr, and As were studied 
in tests involving two timber species (wood flour prepared from 
Pinus radiata or Eucalyptus grandis), 3 treatment tempera
tures (21, 50, 80°C), 3 CCA [Cu-Cr-As] sol. concn. (0.018, 2.5, 
8.0%), and 4 sol. pH (1.2, 1.8, 2.4, 5.0). Multivariate equations 
based on the results are presented. Temp. and concn. had the 
greatest effects on preservative distribution and retention. E. 
grand is was much less tolerant than P. radiata to extreme treat
ment conditions. Sludging reactions are reported. The effect of 
treatment time is briefly discussed. 

670 GERMAN FEDERAL REPUBLIC, DEUTSCHES lNSTITUT FOR 
NORMUNG EV !Damp-proofing of buildings - moisture-proof
ing: standards. Bauwerksabdichtungen, Feuchtigkeitsschutz, 
Normen. Wiesbaden, German Federal Republic; Bauverla!J 
(1985) 132 pp. (De, DIN-Taschenbuch 129, Price DM38j 
From review in Holz-Zentra/b/att Ill, l 042. 

A collection of relevant DIN standards, including those for 
wood preservation in building construction. 

671 LATIF, M.A.; DE, B. C.; YOUNUS-UZZAMAN, M. Pres
sure treatment of sundri poles with oil-borne preservative. Bano 
Biggyan Patrika (1982, reed. 1985) 11 (l/2) 41·47 [En, 4 ref.] 
For. Res. Inst., Chittagong, Bangladesh. 

Pole-sized logs of Heritiera fomes (for potential use as 
power transmission poles) were collected from the Sundarbans, 
debarked and dried in an open shed to 20-25% m.c. Av. diam. 
was 14.2 em and av. sapwood thickness and percent 4.5 em and 
56%. Pole lengths of 0.92 m were treated with 40:60 creo
sote/light diesel oil by the Bethel full cell process commencing 
with treatment under vacuum for 1 h. The effects of varying 
pressures (7.03-10.54 kgfcm2) and treatment periods (2-6 h) at 
82°C were evaluated on penetration and retention of preserva
tive. Both penetration and retention increased significantly with 
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pressure and time of treatment, with the highest values (152.6-
175.4 kg/m' and 2.43-2.89 em) occurring at 10.54 kgfcm2 

pressure tor 6 h. In a further experiment, coefficients of varia
tion of retention and penetration were measured in 8 poles (3 
samples/pole) with av. sapwood depths of 3.7-8.1 em, treated at 
8.79 kgfcm2 pressure for 3 h; respective values were 2.1-22.6% 
and 2.1-14.8%. Retention and penetration were directly corre
lated with sapwood thickness (r=0.87 and 0.77 respectively). 

672 LATIF, M.A.; YOUNUS-UZZAMAN, M.; DE, B. C. Pres
sure treatment of teak poles with oil-borne preservative. Bano 
Biggyan Patrika (1981, reed. 1985) 10 (l/2) 27-32 [En, 3 ref.] 
For. Res. Inst., Chittagong, Bangladesh. 

Poles (for power lines) were collected from a 20-yr-old 
plantation in the Chittagong Hill Tracts District. Bark was 
removed with a scraper and the poles were stacked and air dried 
in the open to a m.c. of 20-25%. Av. diam. was 11.2 em, sapwood 
thickness 1.5 em and sapwood percent 45. Poles Were treated 
with 40:60 creosote/light diesel oil by the Bethel full-cell pro
cess, starting with a vacuum treatment of 1 h and finishing with 
one of 15 min. The effects of varying pressures (5.3-8.8 kgfcm2) 
and treatment periods ( 1-3 h) were evaluated on penetration 
and retention of the preservative. Increased pressure and time of 
treatment together tended to increase preservative retention 
(range 22.3-122.2 kgfm3) but not penetration (range 0.53-1.7 
em) but results were rather variable. A more severe schedule is 
recommended to ensure better and more uniform results. 

673 GABY, L. I. Treating and drying composite lumber with 
waterborne preservatives: Part 2. Joist treating and drying. 
Forest Products Journal (1985) 35 (5) 25-27 [En] SEFES, 
USDA For. Serv., Carlton St., Athens, GA 30602, USA. 

Southern pine composite (COM-PLY) joists were made 
with several types of core to determine treatability and drying 
characteristics. Southern pine veneer was used on the edges. The 
joists were impregnated commercially with CCA preservative in 
two charges to a target retention of 0.60 lbjft'. Treatment was 
followed by kiln-drying in the laboratory using two schedules. 
Retention of preservative in composite joists compared very 
favourably with retentions of sawn joists treated in the same 
charge. Ninety percent of the retentions for the composite joists 
exceeded 0.54lb/ft3• The composite joists dried rapidly without 
defects and matched the sawn joists in moisture loss rates. Dry
ing to l 0% required 4 to 7 days depending on the severity of the 
kiln-drying schedule. No delamination of veneer or veneer-core 
joints occurred. No warp appeared in the composite joists but 
even the best of the sawn joists (No. l Common) exhibited slight 
warp. Appearance was uniformly good in the composite lumber. 
Knots, pitch streaks, and stain, typical of sawn lumber (particu
larly No. 2 Common and lower grades of southern pine), were 
absent in composite joists. 

674 WILLEITNER, H.; DIETER, H. 0. (Tar oil.] 
Steinkohlteerol. Holz als Roh- und Werkstoff(l984) 42 (6) 
223-232 (De, 36 ref.] Inst. Wood Bioi. & Wood Preservation, 
BFH, Hamburg, German Federal Republic. 

A review of the literature on the use of coal tar oils (includ
ing creosote and carbolineum) as wood preservatives, under the 
heads: general aspects (definitions etc.); composition, specifica
tions, and properties; effectiveness; environmental considera
tions; and use. 

675 CHERNYSHEVA, N. K.; MASLOVA, L.A. (Utilization of 
wastes from aluminium manufacture for preservative treatment 
of wood.] Derevoobrabatyvayushchaya Promysh/ennost' (1984) 
No.6, 8-9 [Ru, BLL] Kirov Acad. Wood Techno!., Leningrad, 
USSR. 

Muds produced in the gas refining of aluminium in the 
USSR contain 15-30% of F compounds. Preliminary tests 
showed the muds to be as toxic as NaF to Coniophora cerebella 
[C. puteanaj. The muds were formulated with various binders 
as a paste for brush application to wood. The most effective 
formulations, containing 40-50% of muds with latex and kaolin, 
were as effective as NaF in graveyard tests. Results suggest that 
F compounds may not be the only biologically active constitu
ents of the muds. 



676 HANDLEY, A. (COMPILER) Wood preservation- 3/4. 
Annotated Bibliography, Commonwealth Agricultural 
Bureaux (1985) No. F38, ii + 153 pp. ISBN 0-85198-563-7 
[En, 547 ref., Price £14.30] Common. For. Bur., S. Parks Rd., 
Oxford, OXI 3RD, UK. 

A third collection of abstracts, obtained 
by searching the CAB database (1983/84) for records on the 
preservation and fire-proofing of wood and wood-based materi
als. Abstracts are arranged under the following main headings: 
General; Wood preservation from a national point of view; 
Methods of preservation; Standards; Conferences; Preserva
tives; Comparative tests; Fire-proofing; Control of termites; 
Panels, boards, etc.; Marine timbers; Treatability of timbers; 
Test methods; and Toxicity, pollution problems, etc. An author 
index is included. 

677 ZAHORA, A. R.; CORDEN, M. E. Methylisothiocyanate 
fungitoxicity to Poria carbonica in Douglas-fir heartwood. 
Material und Organismen (1985) 20 (3) 193-204 [En, de, fr, 13 
ref., 4 fig., 3 tab.] Dep. Bot. Pl. Path., Oregon State Univ., 
Corvallis, OR, USA. 

A continuous flow apparatus was designed that maintained 
a constant fumigant concn in the air surrounding infested wood 
blocks. The effectiveness of the fumigant (MIT) on P. carbonico 
in Pseudotsuga menziesU heartwood blocks was determined by 
comparing estimates of fungal populations before and after 
treatment. The product of MIT concn and exposure time neces· 
sary to kill90% ~CT90) of the fungal propagules ranged from 46 
to 179 11g hfcm air, being lower with higher wood moisture 
content (40 or 70%, as opposed to 20%) and with longer fumi
gant exposure (32 h, as opposed to 6 h). Although P. carbonico 
was least susceptible to MIT in blocks at 20% moisture content, 
these blocks sorbed more fumigant than those at higher mois
ture. The MIT sorbed by the wood during fumigation (32 and 
26 mg MIT fg oven dry wood for spring and summer wood 
respectively) was rapidly lost during aeration, indicating that 
MIT was loosely sorbed to the wood structure. 

678 BLOW, D.P.; SUMMERS, N. A. A laboratory evaluation 
of fused borate rods for the treatment of timber. International 
Biodeterioration (1985) 21 (I) 27-40 [En, 14 ref., 9 fig., 6 tab.] 
Fosroc Ltd. Timber Treatments Div., Marlow, Bucks. SL 7 I LS, 
UK. 

The movement of boron from fused borate rods was studied 
in both European redwood (Pinus sylvestris) and European 
whitewood (Picea abies), using 2 techniques. The first method 
studied the movement of boron from borate rods when water 
was being taken up via the end grain of test pieces (mass trans
port). The second examined the diffusion of boron from borate 
rods in pre-wetted timber pieces (passive diffusion). The distri
bution of moisture and boron withm the pieces was determined. 
In addition samples were exposed to Coniophora puteana to 
establish if sufficient boron was present to prevent decay at 
various distances along the length of test pieces. It is concluded 
that the min. moisture content required for boron movement to 
occur is difficult to establish precisely but is probably near 30%. 
In general where moisture contents were in excess of 30% boron 
was found in quantities capable of preventing decay. 

PAPER 

See also abst. 756 

TEXTILES 

679 BRY, R. E.; SIMONAITIS, R. A.; BOATRIGHT, R. E.; LANG, 
J. H. Mothproofing studies with fenva1erate. Journal of Ento
mological Science (1985) 20 (I) 9-15 [En, 8 ref.] Stored-Prod
uct Insects Research and Development Laboratory, ARS, 
USDA, Savannah, Georgia 31403, USA. 

In laboratory studies in the USA, spray applications of a 
pressurized solvent-based formulation of fenvalerate at 0.25% 
to woollen cloth gave protection against feeding damage by 
larvae of Attagenus unicolor, Anthrenus jlavipes and Tineo/a 
bissel/iella, both initially and after the treatments had aged for 
15 months. Similar treatments that had aged for 6 months were 
also effective against adults of the 3 species. 

!55 

680 WALTON, D. W. H. Tensiometer and jaw types in test
ing textiles for tensile strengths. International Biodeterioration 
(1985) 21 (4) 301-302 [En, 4 ref., I tab.] British Antarctic 
Survey, Natural Environ. Res. Council, Cambridge CB2 OET, 
UK. 

Members of the International Biodeterioration Research 
Group tested standard textile strips for tensile strength on their 
tensiometers. It was concluded that, in terms of variability 
shown by standard cloth, tensile strenth data arc not machine 
dependent. 

HYDROCARBONS, FUELS AND 
LUBRICANTS 

681 SHTEINBERG, B. 1.; TRAKHTENBERG, S. 1.; DATSYUK, N. 
M.; KOROSTYLEVA, R. N.; GURA, [. S. [Resistance of drilling 
liquid polymers to the soil rnicroftora.] Mikrobiologicheskii 
Zhurnal (1984) 46 (6) 10-14 [Ru, en, 5 ref., 2 fig., 3 tab.] 
L'vovskil Gas. Universitet, L'vovskii Politekhnicheskiil lnstitut, 
L'vov, USSR. 

Polymers obtained by graft co-polymerization of acrylic 
monomers with humic substances, pre-treated with protein (col
lagan hydrolysate). possess a high degree of microbial resis
tance, irrespective of the conditions of their synthesis and of the 
molecular weight of the protein. This resistance of polymers to 
the action of microorganisms is due to the fungicidal and bacter
iocidal properties of the compounds studied. These properties of 
polymers make them highly reliable as additives for drilling 
liquids. The drilling liquids used are in constant contact with soil 
which is a natural source of microorganisms. 

PLASTIC POLYMERS 

Rubbers 

See also abst. 813 

Plastics 

682 PATHIRANA, R. A.; SEAL, K. J. Studies on polyurethane 
deteriorating fungi. Part 3. Physico-mechanical and weight 
changes during fungal deterioration. International Biodeteri
oration (1985) 21 (I) 41-49 [En, 7 ref., 3 fig., 7 tab.] K.J. Seal, 
Biodeterioration Div., Biotech. Cent., Cranfield Inst. Techno!., 
Cranfield, Bedford MK43 OAL, UK. 

Tensile strength, weight losses, and percent ultimate elan· 
gation changes were used to monitor the effects of the growth of 
4 fungi ( G/ioc/adium roseum, Chaetomium globosum, Penicil
lium citrinum, Aspergillus fumigatus) on pol.Yester and poly
ether polyurethane elastomers. A comparison was made 
between the use of a basal medium and a complete medium for 
growth of the fungi in the presence of the polyurethanes samples 
over 28 days. In addition the effects of including competitive 
substrates in the medium were monitored using urea, a polyester 
(based upon ehtylene glycol, butan-1, 4-diol and adipic acid), 
and gelatin. The polyester polyurethaness were significantly 
more susceptible than the polyether polyurethanes. The com
plete medium delayed the utilisation of the susceptible poly~ 
urethaness but after 28 days the recorded changes were similar 
for both media. The presence of competitive substrates in gen
eral decreased the changes in the properties measured with the 
exception of gelatin which enhanced the activities of P. citrinum 
and A. fumigatus on the polyester polyurethanes. 

PAINT 

See also abst. 387 
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STONE AND CONCRETE 

See also absts. 387, 814 

CONSTRUCTIONS 

See also absts. 387, 756 

683 GRANT, C.; BRAVERY, A. F. Laboratory evaluation of 
algicidal biocides for use on constructional- material 3. Use of 
the vermiculite bed technique to el'aluate toxic washes, surface 
coatings and surface treatments. International Biodeterioration 
(1985) 21 (4) 285-293 [En, 15 ref., 3 pl., 22 fig., 3 tab.] Dep. 
Environ., Building Res. Establishment, Princes Risborough 
Lab., Princes Risborough, UK. 

A moist vermiculite-bed technique was used to determine 
the comparative efficacy of a number of toxic washes, surface 
coatings and surface treatments for eradication or prevention of 
growths of algae on asbestos-cement test panels. Toxic washes 
containing aqueous formulations oftri-n-butyltin were the most 
effective of those tested and the algal resistance was conferred 
on an organa-tin water repellent by incorporation of tri-o-butyl
tin oxide. Aligicidal emulsion paints for masonry prevented 
growth of algae but with those studied the protection effect was 
completely lost following artificial weathering of painted panels. 

Packaging 

See also abst. 837 

684 NATARAJAN, A.M.; NAMBUDRIPAD, V. K. N. Micro
bial contamination from ice cream containers. Indian Journal of 
Dairy Science (1980) 33 (4) 500-503 [En, 6 ref.] S. Reg. Sta., 
National Dairy Res. lost., Bangalore 560030, India. 

Bacteriological .rinses were performed on ice cream cups, 
their lids and wooden or plastics spoons from 5 ice cream facto
ries. Mean bacterial counts for samples from each factory 
ranged from 73 to 102/cup and from 60 to 120/lid; 
yeast/mould counts ranged from 35 to 85/cup and from 18 to 
45/lid. Plastics spoons from I factory had a mean bacterial 
count of 25/spoon and no yeasts/moulds; at the other 4 facto
ries, using wooden spoons or sticks, mean total bacterial count 
ranged from 670 to 8540/stick and yeast/mould count from 55 
to 1600/stick. Main bacterial contaminants were micrococci, 
sarcinae, aerobic sporeformers, Serratia spp. and Actinomy
cetes. Moulds found were Aspergillus, Penicillium and Mucor 
spp. 

685 STANNARD, C. J.; ABBISS, J. S.; WOOD, J. M. Efficiency 
of treatments involving ultraviolet irradiation for decontaminat
ing packaging board of different surface compositions. Journal 
of Food Protection (1985) 48 (9)786-789 [En, II ref., I fig., 3 
tab.] Leather head Food Res. Association, Leatherhead, Surrey, 
KT22 7RY, United Kingdom. 

Reflectivity, smoothness and geometry of several types of 
food packaging board were studied in relation to the effective
ness of decontamination treatments involving ultraviolet (UV
C, 254 nm) irradiation. Surfaces containing aluminium in the 
laminate reflected more light in the 325-550 nm range and 
showed a lower lethal effect when Bacillus subtilis spores were 
irradiated. Visible light of wavelengths between 325 and 550 nm 
is known to cause photoreactivation of UV damage in vegetative 
cells and it is suggested that a similar phenomenon might occur 
in spores on reflective surfaces. Smoothness of the board surface 
was not an important factor in the extent or the variability of the 
lethal effect. The geometry of the irradiated surface was shown 
to be important for aluminiumjpolyethylene laminate-lined 
surfaces only, as more spores were killed on board normal to 
incident UV-C irradiation than in cartons with reflective angles. 
Spores on the inner sides of this type of carton may have 
received more reflected light of photoreactivation wavelengths. 
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Instruments and Equipment 

686 LAKE, D. E.; LESNIEWSKI, R. S.; ANDERSON, J. E.; 
GRAVES, R. R.; BREMSER, J. F. Enumeration and isolation of 
mesophilic anaerobic sporeformers from cannery post-process
ing equipment. Journal of Food Protection (1985) 48 (9) 794-
798 [En, 25 ref., 5 tab.] American Can Company, Barrington, 
IL 60010, USA. 

Microbiological surveys of post-processing can handling 
equipment were conducted in 3 low-ac1d food canneries to iden
tify the source and numbers of mesophilic anaerobic 
sporeformers isolated from post-processing spoilage of cans 
packed at those canneries. Significant numbers of spores of 
these organisms were found on various equipment and can 
tracks. The spores were also isolated from the can cooling waters 
in 2 of the canneries and in numbers higher than have been 
reported previously. No correlation was noted between 
mesophilic anaerobic spore counts and total aerobic counts in 
samples obtained from the surveys. Clostridium botulinum was 
not isolated from any of the survey samples. A medium useful in 
the isolation of mesophilic anaerobic sporeformers is described. 

Works of Art, Museum Specimens and Books 

See also absts. 628-629 

687 MARTINEZ, M.; COUTIN, R. (A new occasional pest: the 
American dried-plant moth.] Un nouveau ravageur occasionnel: 
Ia phalene americaine des plantes seches. Phytoma (1985)]'1o. 
368, 40-41 [Fr, 3 col. fig.] Laboratoire de Faunistique Eco
logique, INRA, Versailles, France. 

Larvae of ldaea bonifata are reported infesting herbarium 
specimens in France on 4 occasions in 1968-82. This geometrid 
is a native of the south-western USA and Mexico and has occa
sionally been reported from Europe before. The adult, larva and 
pupa are illustrated and notes on the biology and injuriousness 
are provided. The larvae appear to develop exclusively on dry 
plants, attacking the flowers, leaves, roots and rhizomes. Seven 
kinds of dried plants that were infested in France are listed. It is 
suggested that various herbarium, aromatic and medicinal 
plants could be infested. Larval development appears to take 
about 2 or 3 months. While 3 or 4 generations a year are 
possible, populations are highest at the end of autumn, in winter 
and at the beginning of spring, and it is in this period that 
damage has been reported. It is not known whether I. bonifata 
can survive out of doors. Possible control measures discussed are 
burning infested material and the use of insecticides with a 
vapour action such as dichlorvos. 

Structures and Vehicles 

See also absts. 666. 708. 824, 827, 839 

688 [Control of Hylotrupes bajulus in a stave church.] Haus
bockbekiimpfung in einer Stabkirche. Holz-Zentra/b/att 
(1985) Ill (67/68) 1020 [De, I pl.] 

A report on the treatment of (three) approx. 800-yr-old 
churches in Norway in 1984, including a 1100 m3 volume 
church at Hopperstad. The buildings were (reasonably effec
tively) sealed with plastic film etc. and fumifated with 
phosphine (H3P) at a target concn. of I to 2.8 gfm (the upper 
limit chosen to avoid damage to artwork). Atmospheric toxicity 
was monitored using test pieces containing Anobium punctatum 
larvae. Complete mortality of Anobium larvae was obtained 
after 51f2-day fumigation treatment. 

689 MuCHMORE, F. W. Techniques to bring new life to 
timber bridges. Journal of Structural Engineering. USA (1984) 
110 (8) 1832-1846 [En, 6 ref., 9 pl. Paper No. 19066. PRJ 
Engrg., USDA For. Serv., Northern Region, PO Box 7669, 
Missoula, MT 59807, USA. 

About half of the 13 000 bridges in the US Forest Service 
transport system have wood as a major structural component. 
Reasons are put forward for using wood in favour of competitive 
materials. Inspection procedUres to detect decay and conditions 
conducive to decay are discussed together with suitable preser
vative treatments. A method for determining strength loss due 
to decay is described. The maintenance of timber bridges is 



discussed and examples of rehabilitation (major restoration) of 
deteriorated and substandard bridges are described. 

690 JAYARAMAN, K. S. Longer life for thatched roof. 
Nature (1985) 317 (6036) 376 [En] 

A simple, cheap and effective method for extending the life 
of the perishable coconut leaf thatch and making it fireproof is 
described. Thatched roofs normally need replacement every 
year but their life span has been extended to 4 years by treating 
the thatch with chemicals that are neither washed away by rain 
nor degraded in sunlight. Five types of fungi were isolated from 
decayed thatch. In the treatment recommended by the Regional 
Research Laboratory in Trivandrum copper sulphate is used as 
a fungicide followed by spraying the dned thatch on both sides 
with a liquid extracted from the shell of cashew nuts (CNSL) 
and mixed with kerosene. CNSL is an excellent water repellent. 
If spraying is carried out with phosphonylated-CNSL then pro
tection from fire is also conferred. 

FOULING 

Aquatic surface fouling - marine and freshwater 

691 CURTIN, M. E. Trying to solve the biofouling problem. 
BiojTechnology (1985) 3 (I) 38 [En] 

Research on non-toxic marine coatings takes 2 forms: mak
ing products that organisms cannot stick to (low-energy coat· 
ings along the line of Teflon) or using knowledge of bacterial 
and invertebrate settling mechanisms to make products the 
organisms will not want to stick to. The first step in fouling is the 
adhesion of macromolecules. Research is concentrating on the 
second step (settlement of bacteria and microalgae) and the 
third step (invertebrates that settle on top of the initial bacterial 
or algal colonizers). 

692 PAIN, S. Minist.rs backtrack on 'barnacle Bill'. New 
Scientist (1985) No.l469, 20 [En] . 

The attempt by the Department of the Environment to 
curtail the use of organotin antifouling paints on small boats has 
been postponed to "'allow the paint industry and its customers 
time to adjust". From next January only the worst offenders 
among the organotin paints, those copolymer paints containing 
> 7.5% organotin, will be banned from sale. All of the "free 
association" paint in which the organotin is not bound to resin 
will be banned along with traditional paints based on copper 
that contain >2.5% organotin. Parliament was told in July 
1985 that these levels "will be reviewed in time for the 1987 
painting season with a view to reducing them in line with 
advances in paint technology". By then, standards for the 
amount of TBT allowed in water should have been set by the 
water authorities. 

693 HSIEH, K. M.; LION, L. W.; SHULER, M. L. Bioreactor 
for the study of defined interactions of toxic metals and biofilms. 
Applied and Environmental Microbiology (1985) 50 (5) 1155-
1161 [En, 44 ref., 6 fig., 2 tab.] Sch. Chern. Engineering, Cor· 
nell Univ., Ithaca, NY 14853, USA. 

The applicability of the bioreactor system to meet the 
severe constraints imposed on such an apparatus by the require
ments for an unambiguous interpretation of data and for mathe
matical modelling of these interactions was explored with the 
trace metal lead and marine bacterium Pseudomonas atlantica. 
A chemically defined medium composed of the major compo
nents of seawater, simple salts required for growth, glucose, and 
the single amino acid glycine was derived. It supported a maxi
mum growth rate several times less than that in a complex 
medium, but provided growth to high cell densities and the 
formation of biopolymer and supported the development of a 
monolayer biofilm. Quantification of the partitiomng of lead 
onto various reactor surfaces suggested that biofilms can play an 
important role in controlling toxic metal concentrations in natu
ral systems. 

694 EDYVEAN, R. G. J.; TERRY, L. A.; PICKEN, G. B. 
Marine fouling and its effects on offshore structure in the North 
Sea- a review. International Biodeterioration (1985) 21 (4) 
277-284 [En, 85 ref.] Dep. Metallurgy, Univ. Sheffield, Shef
field Sl 3JD, UK. 
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"The literature on fouling communities associated with off
shore structures is reviewed, being differentiated into geograph
ical groupings in the North Sea. The effects of such fouling is 
considered, especially by its obscuring of the substratum, its 
effects on hydrodynamic loading, and its effects on corrosion 
and corrosion protection. 

Terrestrial surface fouling 

695 TAN, K. H.; WEE, Y. C.; Ho, K. K. Laboratory evalua
tion ofbioCides for the control of Trentepohlia odorata. Interna
tional Biodeterioration (1985) 21 (l) 5-10 [En, 13 ref., 2 fig., 4 
tab.] Dep. Bot., Natn. Univ. Singapore, Kent Ridge, Singapore 
0511. 

Thirty commercial. 9 inorganic and 3 organic compounds 
were screened for effectiveness against laboratory-cultured T. 
odorata using a rapid laboratory method. A limited number of 
paint samples containing selective biocides were rapid·tested on 
glass slides using the same cultured alga. Of those biocides 
incorporated into paints, Antifoulant C9211 M showed promise, 
but needs extensive field testing to evaluate its effectiveness 
against the alga outside the laboratory. The urgent need for 
rapid methods in the search for an effective biocide against T. 
odorata is discussed. 

BIODETERIORATION ORGANISMS 

See also absts. 681, 842 

Bacteria 

See also absts. 388, 396-398, 403-405, 527, 538, 541-543, 
546, 549, 553-556, 558-560, 562, 564-565, 567, 572, 
577, 579, 581-583, 586, 588, 590-598, 606-607, 609-
6/0, 618-623, 625, 628-629 

696 LAOHAVIRANIT, L. Protease-producing psychrotrophs 
in foods. Food (1982) 14 (2) 112-121 [En, thai, 76 ref.] Dep. of 
Tropical Nutr. & Food Sci., Mahidol Univ., Bangkok, 
Thailand. 

This brief review discusses spoilage of refrigerated foods 
due to psychrotrophic microorgamsms and the enzymes (partic· 
ularly proteinases) produced by them. The foods considered are 
mainly milk and m1lk products. The effects of psychrotrophs on 
the keeping quality of milk and on cheesemaking processes are 
mentioned. 

697 HELLMANN, E.; HEINRICH, G. [Studies on growth rates 
of virulence plasmid carrying Yersinia enterocolitica in milk, 
minced pork, and vegetables after artificial contamination.] 
Vermehrungsstudien an zwei virulenplasmidtragenden Yersinia 
enteroco/itica-Stiimmen nach Kontamination von erhitzter 
Milch, rohem Schweinehackfleisch und Vegetabilien. Zentral
blatt Jiir Bakteriologie Mikrobiologie und Hygiene, B (1985) 
182 (I) 1-16 [De, en, 24 ref., 4 fig., 4 tab.]lnstitut filr Mikrobio
logie des Fachbcreichs Veteriniirmedizin, Freien Universittit 
Berlin, D-1000 Berlin 33, German Federal Republic. 

698 CONDEMINE, G.; HUGOUVIEUX-COTTE·PATTAT, N.; ROB· 
ERT-BAUDOUY,J. Isolation of Erwinia chrysanthemi kduD 
mutants altered in pectin degradation. Journal of Bacteriology 
(1986) 165 (3) 937-941 [En, 22 ref., I fig., 4 tab.] Lab. 
Microbial., lnst. Natn. Sci. Appliquees, 69621 Villeurbanne, 
France. 

699 WILLIAMS, S. T. Streptomycetes in biodeterioration -
their relevance, detection and identification. International 
Biodeterioration (1985) 21 (3) 201-209 [En, 90 ref., 4 tab.] 
Dep. Bot., Univ. Liverpool, Liverpool L69 3BX, UK. 

The roles of streptomyces in biodeterioration and as agents 
of human disease are discussed. Their responses to environmen
tal factors are biefty summarized and the principles and 
problems of methods for their detection and isolation consid
ered. The current taxonomic status of Streptomyces and related 
genera is defined. Procedures for the preliminary grouping of 
isolates and the alternative schemes for their identification are 
outlined and evaluated. 
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Fungi 

See also absts. 387, 416. 4/8-420, 448, 456, 46/-462, 475-
479, 486, 490-492, 494, 502, 504, 506-507, 509, 514. 
516-518. 520-522. 524-527. 531-532. 536-537. 539, 
589, 6/7, 630-631, 633, 635-636, 639-653, 667, 675, 
677-678. 682. 756 

700 ISHIHARA, M.; SHIMIZU, K. (Purification and properties 
of two extracellular endo-cellulases from the brown rotting fun
gus.[ Journal of the Japan Wood Research Society (1984) 30 
(I) 79-87 [Ja, en, 24 ref., I pl. BLL] For. & For. Prod. Res. 
Inst., PO Box 16, Tsukuba Norin Kenkyu Danchi-nai, lbaraki 
305, Japan. 

Two extracellular endo-cellulases (of the endo- lA-P-glu
canase type} were highly purified from a brown rotting fungus, 
Tyromyces palustris {Poly porus palustris} by column chroma
tography on molecular sieving and anion exchanger. The two 
cellulase preparations (III-2-1 and IV-3-1) showed a broad, 
single protein band on disc gel electrophoresis but it was found 
that each still contained a trace of xylanase activity with a 
slightly different isoelectric point on isoelectric focussing. The 
mol. wt. and the isoelectric point were shown to be 39500 and 
pH 3.45 for III-2-1 and 16 000 and pH 3.35 for IV-3-1, respec
tively. Substrate specificities and some further properties of the 
two cellulases were investigated. 

701 BRAVERY, A. F.; GRANT, C. Studies on the growth of 
Serpula lacrymans (Schumacher ex Fr.) Gray. Material und 
Organismen (1985) 20 (3) 171-191 [En, de, fr, 17 ref., 10 fig., 8 
tab.] Building Res. Establishment, Princes Risborough, United 
Kingdom. 

The rate of mycelial growth of the true dry rot fungus S. 
lacrimans was found to be essentially the same over nutrient 
(5% malt agar) and through non-nutrient (brick chippings) sub
strates (c. 5-6 mm/d) as long as there was adequate nutrition 
and aeration and no toxic or other inhibitory influences. Fur
thermore. the rate of growth through brick chippings remained 
fairly constant irrespective of distance of the advancing hyphae 
from the food base. The longest sustained period of growth was 
>400 d, giving a mycelial length of nearly 2m. After severance 
from the food supply growth continued for 7-10 d (9-21 mm) for 
every I 00 mm of mycelium. The greatest post-severance growth 
achieved was 136 mm in 44 d from mycelium 655 mm long. The 
implications of these findings for the eradication of outbreaks of 
dry rot are discussed. 

702 UDAGAWA, S.-1. Taxonomy of thermophilic and 
thermotolerant fungi- recent developments on their detrimental 
activities. In Filamentous microorganisms. Biomedical aspects 
[edited by Arai, T. et al.]. Tokyo, Japan; Japan Scientific 
Societies Press (1985) 61-72 [En, 31 ref., 3 fig., 2 tab.] Div. 
Microbiol., Natn. Inst. Hygienic Sci., Tokyo 158, Japan. 

703 SAMSON, R. A. Taxonomic considerations of harmful 
and beneficial moulds in food. In Filamentous microorganisms. 
Biomedical aspects (edited by Arai, T. eta/.]. Tokyo, Japan; 
Japan Scientific Soc•eties Press (1985) 157-163 [En, 23 ref., 3 
fig., 2 tab.] Centraalburcau voor Schimmelcultures, 3740 AG 
Baarn, Netherlands. 

The taxonomy of some fungi used as starter cultures for the 
fermentation of food products is discussed with reference to 
their similarity to wild-type taxa which may produce mycotox
ins. Spp. discussed include Penicillium camembertii/ P. ver
rucosum var. eye/opium, P. nalgiovensef P. chrysogenum and 
Aspergillus oryzaef A. flavus. 

704 KOSKE, R. E.; TESSIER, B. Growth of some wood and 
litterwdecay basidiomycetes at reduced water potential. Trans
actions of the British Mycological Society (1986) 86 (I} 156-
168 [En, 9 ref., 2 fig.] Dep. Bot., Univ. Rhode Island, Kingston, 
RI 02881, USA. 

Of 9 species investigated, only Schizophyllum commune 
grew at 'I' below -4 MPa. Clitocybe aurantiaca (Hygrophorop
sis aurantiaca) and Dacrymyces sp. were especially sensitive to 
water stress. Max. growth for 7 species occurred at -0.5 MPa or 
higher. 
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705 PASZCZYNSKI, A.; HUYNH, V. B.; CRAWFORD, R. Com
parison of ligninase-1 and peroxidase-M2 from the white-rot 
fungus Phanerochaete chrysosporium. Archives of Biochemistry 
and Biophysics (1986) 244 (2) 750-765 [En, 46 ref., 10 fig., 6 
tab.] Univ. M. Curie-Sk!odowska, Dep. Biochem., 20-031 
Lublin, Poland. 

The enzymes were purified and their properties compared. 
Both are haem proteins containing protoporphyrin IX. EPR 
spectroscopy indicated that Fe ions are coor~inated with the 
enzymes' prosthetic groups as high-spin ferrih1lem complexes. 
The roles that the enzymes are believed to play in lignin degraw 
dation are discussed. 

706 EL-GAZZAR, F. E.; MARTH, E. H. Toxigenic and 
nontoxigenic strains of aspergilli and penicillia grown in the 
presence of sodium chloride cause enzyme-catalyzed hydrolysis 
of protein, fat and hydrogen peroxide. Journal of Food Protec
tion (1986) 49 (I) 29-32 [En, 17 ref., 4 tab.] Dep. Food Sci., 
Univ. Wisconsin-Madison, Madison, WI 53706, USA. 

Eight isolates of Aspergillus j/avus, 3 of A. parasiticus, 1 
of A. ochraceus and 10 of Penicillium spp. were evaluated for 
their ability to hydrolyze protein, fat and hydrogen peroxide 
when the moulds were grown in the presence of different 
amounts (0-10%) of NaCI. Proteolytic and lipolytic activities of 
A. jlavus generally increased with an increase in the amount of 
NaCl in the medium. This was true for proteolytic and less so 
for lipolytic activity of A. parasiticus and A. ochraceus. Of the 
P. spp. tested, 5 isolates exhibited a marked increase and 5 a 
smaller increase in proteolytic and lipolytic activity at 2, 4 and 
6% NaCl, but such activity either remained constant or 
decreased at 8 and 10% NaCI. Peroxidase activity in mycelia of 
all isolates of A. spp. increased with an increase of NaCI in the 
medium. Most isolates of P. spp. exhibited maximum peroxid
ase activity at 2% NaCI, and some reduction in activity when 
the amount of NaCI in the medium exceeded 2%. 

Algae and Lichens 

See also absts. 683, 695 

Insects 

See also absts. 453-455, 466-471, 473-474, 481, 496-497, 
503, 530, 533, 654-660, 679, 687-688, 727-742, 744-
750, 752-753, 755, 834-836, 838 

707 AMARAL FILHO, B. F.; PRA~A NETO, W. L. (Studes on 
the life cycle of Plodia interpuncte/la (Huebner, 1813) 
(Lepidoptera, Phycitidae) under laboratory conditions. 
[Abstract].] Estudos sobre o ciclo biol6gico de Plodia 
interpuncte/la (Huebner, 1813) (Lepidoptera, Phycitidae) sob 
condi~oes de laborat6rio. In Resumos, IX Congresso Brasileiro 
de Entomologia. Londrina - Pr., 22 a 27.7.84. Brazil; 
Sociedade Entomol6gica do Brasil (1984) 24 [Pt] Departa
mento de Zoologia, UNICAMP, Caixa Postal 6109, 13.100 
Campinas, Sao Paulo, Brazil. 

When the stored products pest Plodia interpunctella was 
reared in the laboratory in Brazil on an artificial diet at 25 ± 
zoe and 70 ± 10% RH, the egg stage averaged 4.51 days and 
63% of the eggs hatched. The 5larval instars together lasted for 
an average of 24 days. 

708 WHITE, S. M. Co/lops hirtellus (Coleoptera: 
Melyridae) males and Formica spp. (Hymenoptera: Formicidae) 
attracted by a wood preservative. Entomological News (1985) 
96 (I} 49-52 [En, 5 ref.] University of Idaho, Moscow, ID 
83843, USA. 

On 17 June, 1982, aggregations of adult males of Co/lops 
hirtel/us were reported from northern Idaho, one each in Lewis
ton and Moscow. The beetles were swarming around houses in 
such numbers that they were considered a nuisance, In June 
1983, beetles again aggregated at Moscow. In all instances, sun 
decks or other surfaces had recently been treated with a wood 
preservative. When the attractiveness of the wood preservative 
(containing 0.5% bis(tributyltin) oxide, 0.5% N
(trichloromethylthio)phthalimide and 99% inert material) to 
adult males of C. hirtellus and Formica spp. was determ'ined in 
trap tests near Moscow in 1982-83, both species exhibited 



attraction. Further research was needed to identify the 
attractant. 

709 SUZUKI, T. Presence of another aggregation sub
stance(s) in the frass of the red flour beetles, Tribolium cas
taneum (Coleoptera: Tenebrionidae). Applied Entomology and 
Zoology (1985) 20 (I) 90-91 [En, 3 ref.] Institute of Applied 
Biochemistry, University of Tsukuba, Sakura-mura, Ibaraki 
305, Japan. 

Males of the stored-product pest Tribolium castaneum are 
known to produce an aggregation pheromone, (4R,8R)·(-)· 
4,8-dimethyldecanal. Laboratory studies in Japan revealed the 
presence of another aggregation substance in this species. The 
new substance (or substances), which was successfully extracted 
with hexane and was clearly different from the pheromone pro
duced by males, was produced with the frass adults of both 
sexes. 

710 GOt:HAR, K. A.; MANSOUR, M. M.; GUIRGUIS, M. W.; 
AMER, M. I. Development of resistance to carbaryl, malathion 
and lindane in a st;ain of Cal/osobruchus maculatus (Fab.) (Col
eoptera: Bruchidae). Bulletin of the Entomological Society of 
Egypt (1980/1981, pub!. 1984) No. 12, 5-10 [En, 14 ref.] Plant 
Protection Department, Faculty of Agriculture, Zagazig Uni
versity, Egypt. 

When adults of Callosobruchus maculatus in 19 successive 
generations were selected by exposing them for 24 h to cowpea 
LVigna unguiculata] seeds treated with carbaryl, malathion and 
lindane at concentrations causing 50-60% mortality in labora
tory studies in Egypt, the development of resistance to carbaryl 
was marked and rapid, whereas that to the other 2 compounds 
was weak and slow. The LC50s of adults in the F4, F9, F14 and 
F19 generations were 34.2, 113, 282 and 655 p.p.m., respec
tively, for carbaryl, 1.2, 2.2, 2.8 and 2.8 p.p.m. for malathion 
and 1.6, 3.8, 3.7 and 3.8 p.p.m. for lindane. Overall, there were 
38.5-, 2.S· and 1.02-fold increases in resistance to carbaryl, 
malathion and lindane, respectively. 

711 GOL\'BIOWSKA, Z. (The grain hide beetle Trogoderma 
granarium Ev. (Coleoptera, Dermestidae) - a quarantine pest of 
stored products.J Sk6rek zbozowy (/aszcz koprowiec) 
Trogoderma granarium Ev. (Coleoptera, Dermestidae) -
kwarantannowy szkodnik produkt6w w przechowalniach. Prace 
Naukowe lnstytutu Ochrony Roslin (1981, reed. 198S) 23 (2) 
113-132 [PI, en, ru, 37 ref.] 

The effects of relative humidity, temperature and food on 
the development of the stored-product insect Trogoderma 
granarium, a quarantine pest in Poland, was studied in the 
laboratory. The pest was highly resistant to low air humidity. At 
28°C, its development was most rapid at 29-SO% RH. Com
plete development took place at temperatures between 25 and 
30°C. Keeping mature larvae at -IS°C for 10 days caused 96% 
mortality, while 91% of larvae kept at -soc for the same period 
survived. Of 36 kinds of food tested, wheat germ and oat flakes 
were the most suitable. Larvae survived for 816 days without 
food at I5°C, and when transferred to wheat grain at 28°C their 
diapause was interrupted and some of them completed their 
development. 

712 CHMIELEWSKI, W. [The effects of feeding by 
Tyrophagus putrescentiae (Schr.) (Acarina, Acaridae) in stored 
sugarbeet seeds.J Skutki Zerowania Tyrophagus putrescentiae 
(Schr.) (Acarina, Acaridae) w przechowywanych nasionach 
buraka cukrowego. Prace Naukowe Instytutu Ochrony RoSlin 
(1984) 26 (I) 93-103 [PI, en, ru, 7 ref.] 

Studies carried out in Poland showed that feeding by 
Tyrophagus putrescentiae caused a decrease in weight of stored 
sugar beet seeds that was dependent on the duration of the infes
tation and the degree of mechanical damage to seeds during 
processing. The greatest decrease in seed weight due to infesta· 
tion over a year was about 20%. The occurrence of mites in 
sugarbeet seed had little effect on germination of polygerm 
seeds, while infested monogerm seeds showed some decrease in 
germination caracity. Incrustation of seeds appeared to be a 
good method o protecting them against mite infestation. 

IS9 

713 ADEM, E.; WATTERS, F. L. Response of malathion
susceptible and resistant strains of Triholium castaneum (Cole
optera: Tenebrionidae) to a combination of 60Co gamma irradia
tion and malathion. Journal of Stored Products Research 
(198S) 21 (2) S9-63 [En, 9 ref., 3 fig.] Instituto de Fisica, 
Universidad Nacional Autonoma de Mexico, Apartado Postal 
20-364, Delegacion Alvaro Obregon 01000, D. F., Mexico. 

Suvival of adults of malathion-susceptible (S) and mala· 
thion-resistant (R) strains of Triholium castaneum exposed to 
gamma radiation at 5, 10, 20 or 30 krad, followed by a S-h 
exposure to malathion at the LD99.9 for the susceptible strain 1, 
8, 1 S or 22 days after irradiation, was assessed for up to 5 weeks 
after irradiation. Exposure of S strain adults to malathion, I or 
8 days after irradiatiOn at all doses hastened the onset of death. 
Irradiation at 10, 20 and 30 krad was the dominant cause of 
death in the R strain. There was some evidence that exposure of 
the R strain to malathion l or 8 days after irradiation at 10 krad 
accelerated mortality 2 and 3 weeks after exposure to radiation. 
No progeny were produced by either the S or R strains irradi
ated at any dose. Irradiation of the S and R strains did not 
influence their response to malathion. 

714 SINCLAIR, E. R.; HADDRELL, R. L. Flight of stored 
products beetles over a grain farming area in southern Queen· 
sland. Journal of the Australian Entomological Society (198S) 
24 (I) 9-JS [En, 14 ref., 2 fig.] Entomology Branch, Depart
ment of Primary Industries, Indooroopilly, Queensland 4068, 
Australia. 

In surveys of migration by adults of the stored-product 
pests Tribolium castaneum, Rhyzopertha domini ca. Sitophi/us 
oryzae and Crypto/estes spp. in a grain farming area of southern 
Queensland in 1979-82, T. castaneum and R. dominica were 
the predominant migrants, being active in the field from Octo
ber to May. Traps in farm buildings and central storages caught 
many more beetles than did traps in the field. There was no clear 
relationship of catch with nearby infestations, except over short 
distances. A truck trap demonstrated beetle flight in the field 
between 1600 and 1900 h on relatively calm days and when 
temperatures were above 26°C. The average beetle density at 
these times was estimated to be about 52/Mm3• These insects 
represented a serious potential for reinfestation of stored grain. 

715 LINDGREN, B.S.; BORDEN, J. H.; PIERCE, A.M.; PIERCE, 
H. D., JR.; 0EHLSCHLAGER, A. C.; WONG, J. W. A potential 
method for simultaneous semiochemical-based monitoring of 
Cryptolestesferrugineus and Tribo/ium castaneum (Coleoptera: 
Cucujidae and Tenebrionidae). Journal of Stored Products 
Research (198S) 21 (2) 83-87 [En, 13 ref., I fig.] Centre for 
Pest Management, Department of Biological Sciences, Simon 
Fraser University, Burnaby, British Columbia, VSA IS6, 
Canada. 

Capture and analysis by gas-liquid chromatography of vol
atiles from adults of Crypto/estes ferrugineus infesting rolled 
oats disclosed that the naturally-produced ratio of the aggrega
tion pheromones ( 4E,8E)-4,8-d!methyl-4,8-decadien-10-olide 
[(SE,9E)-5,9-dimethyloxacycloundeca-S,9-dien-2-one] (I) and 
(3Z,JIS)-3-dodecen-11-olide [( 4Z,12S)-12-methyloxa· 
cyclododec-4-en-2-one] (II) is 1.6:1.0. Approximately 990 and 
640 pgfmale beetle/h of the 2 pheromones, respectively, were 
produced in a culture with 76 beetles of mixed age and sex per 
gramme of oats. A newly designed trap, which confines beetles 
responding to attractive odours within an enclosed chamber, 
was very effective in recapturing released adults of C. fer
rugineus when baited with a 13:16 mixture of I and (±)-II 
released at 1.2Spgf24 h, and also in recapturing released adults 
of Tribolium castaneum, in response to the aggregation pher
omone, 4,8-dimethyldecanal, released at 0.08,.gf24 h. Moreo
ver, the capture of each species to traps baited with both species' 
pheromones was no different than to traps baited with its pher
omone alone. Thus the pheromones of both species can be used 
together in the same trap in semiochemical-bascd, pest monitor
ing systems. 

716 UNGSUNANTWIWAT, A.; MILLS, R. B. Influence ofrear
ing medium on size and weight of adults of four Sitophilus 
populations and on weight loss of host kernels (Coleoptera: 
Curculionidae). Journal of Stored Products Research (198S) 
21 (2) 89-93 [En, 10 ref.] Department of Entomology, Kansas 
State University, Manhattan, KS 66S06, USA. 

Four populations of Sitophi/us (S. zeamais from Mexico, 
S. Zeamais from Arkansas, S. oryzae and S. granarius) were 
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studied. Hard red winter wheat ('Cloud' variety), brown com
mercial sorghum and yellow and white 'dent' maize (mixed 
varieties) were used to determine the effect of parent- and prog
eny-rearing media on the adult elytron length in each popula
tion. Kernel weight loss caused by individuals of each 
population and weevil weights were determined. Elytron length 
of S. oryzae progeny were significantly (P<0.05) but only 
slightly longer, when parents were reared in wheat rather than 
sorghum or maize; otherwise parent-rearing medium had no 
effect. Progeny-rearing medium, not parent size. was most 
responsible for differences in elytron lengths. S. granarius prog
eny from wheat were significantly larger than those from maize 
or sorghum; progeny from all other populations were signifi
cantly larger from maize than from wheat or sorghum. S. 
oryzae caused less weight loss in kernels of wheat and sorghum, 
and were significantly lighter (P<0.05) than other insects. The 
Arkansas strain of S. zeamais was significantly heavier than the 
Mexican one in wheat, otherwise their weights were similar. 
Weight losses (actual and percentages) of kernels of all grains 
were similar for the Arkansas and Mexican strains of S. 
zeamais. S. granarius was heavier and produced greater weight 
loss in wheat kernels than other species did. 

717 PASALU, I. C.; BHATIA, S. K. Inheritance of resistance 
to malathion in Tribo/ium castaneum (Herbst). Proceedings of 
the Indian Academy of Sciences, Animal Sciences (1983, reed. 
1985) 92 (6) 409-414 [En, 6 ref., I fig.) Indian Agricultural 
Research Institute, New Delhi 110 012, India. 

Studies on the inheritance of resistance to malathion in a 
field-collected malathion-resistant strain of Tribo/ium cas
taneum by making genetic crosses between the resistant strain 
and a susceptible strain revealed that resistance in this strain is 
controlled by an autosomally inherited single major gene which 
is incompletely dominant. 

718 MONDAL, K. A. M.S. H. Response of Tribo/ium cas
taneum lanae to aggregation pheromone and quinones produced 
by adult conspecifics. International Pest Control (1985) 27 (3) 
64-66 [En, 38 ref.) Department of Agricultural Biology, The 
University, Newcastle upon Tyne, NEI 7RU, United Kingdom. 

The responses of larvae of Tribolium castaneum to flour 
conditioned by adults of the same species were studied in the 
laboratory. Larvae were attracted to flour conditioned for 3-6 
days by males alone or in combination with females (I: I) but 
showed no preference for flour conditioned by females alone for 
3-6 days. Larvae were repelled by flour conditioned for 30 days 
by either sex alone or both sexes together. This suggests the 
involvement of a maleeproduced aggregation pheromone in the 
attraction of the larvae and the involvement of quinones pro
duced by both sexes in the repulsion of the larvae. An olfactory 
basis for these larval responses was demonstrated. 

719 ATIIA, F. I. Multiple and cross-resistance characteris
tics in phosphine-resistant strains of Rhyzopertha dominica and 
Tribolium castaneum. In Controlled atmosphere and fumiga
tion in grain storages. Proceedings of an international symptr 
sium 'Practical aspects of controlled atmosphere and 
fumigation in grain storages' held from II to 22 Apri/1983 in 
Perth, Western Australia [edited by Ripp, B.E.j. Amsterdam, 
Netherlands; Elsevier (1984) 49-53 [En, 7 ref.) Biological & 
Chemical Research Institute, Department of Agriculture, PMB 
10, Rydalmere, New South Wales 2116, Australia. 

Phosphine-resistant strains of the stored-grain pests 
Rhyzopertha dominica and Tribolium castaneum from New 
South Wales were tested for cross-resistance to 6 insecticides. 
Two strains of R. dominica and one ofT. castaneum showed no 
cross resistance. One strain of R. dominica was 7.2 times as 
resistant as a susceptible strain to malathion and 4.8 times as 
resistant as the susceptible strain to fenitrothion. One strain of 
T. castaneum was resistant to lindane (by a factor of 5.2) and 
malathion (by a factor of 77 .9). Although these strains showed 
some multiple resistance to pesticides, there was no obvious 
correlation between the response to phosphine and resistance to 
DDT, lindane, organophosphates, carbaryl and bioresmethrin in 
the strains tested. 
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720 JAY, E. Imperfections in our current knowledge of 
insect biology as related to their response to controlled atmo
spheres. In Controlled atmosphere and fumigation in grain 
storages. Proceedings of an international symposium 'Practical 
aspects of controlled atmosphere and fumigation in grain 
storages· held from II to 22 A'fril 1983 in Perth, Western 
Australia [edited by Ripp, B.E. . Amsterdam, Netherlands; 
Elsevier (1984) 493-508 [En, 10 ref., I fig.) Stored-Product 
Insects Research & Development Laboratory, ARS, USDA, 
Savannah, Georgia 31403, USA. 

Recent (mainly unpublished) research in the USA on the 
relation between laboratory studies on controlled atmospheres 
for controlling insect pests of stored products (especially 
Tribo/ium castaneum, Oryzaephilus surinamensis, 
Rhyzopertha dominica, Sitophi/us oryzae, S. zeamais, 
Trogoderma g/abrum, T. variabile and Ephestia caute/la) and 
their application under field conditions are reviewed. The 
responses within and between species and life-cycle stages and 
their relationship to temperature, relative humidity and con
trolled-atmosphere composition are examined. Shorter exposure 
times are generally needed to control stored-product pests in 
field situations than would be expected from laboratory results. 
Attempts are made to explain this phenomenon, how it relates to 
the overall information transfer from the .laboratory to field 
application, and how the available laboratory data can be 
applied in the field. 

721 MESSINA, F. J.; RENWICK, J. A. A. Ability of oripos
iting seed beetles to discriminate between seeds with differing egg 
loads. Ecological Entomology (1985) 10 (2) 225-230 [En, 18 
ref.] Boyce Thompson Institute for Plant Research, Ithaca, 
New York 14853, USA. 

Previous work has shown that ovipositing females of Cal
losobruchus maculatus avoid seeds already bearing eggs and 
thereby reduce competition among their larval progeny within 
seeds. The authors demonstrate that females also detect small 
differences in egg density and preferred to oviposit on seeds 
(Phaseolus vulgaris) with a lower-than-average number of 
eggs. A nearly uniform dispersion of eggs is thus maintained 
even after all seeds bear several eggs. In addition, variation in 
egg load influenced the oviposition rate. Transfer of females 
from seeds with few eggs to seeds with many eggs inhibited 
oviposition; the reverse transfer stimulated it. The upper surface 
of the egg chorion or egg 'cover' remained intact on the seed 
surface after the larva entered the seed and continued to deter 
egg-laying for at least as long as the period required for larval 
development. Fourteen-day-old egg covers provided as much 
deterrence as freshly laid eggs. 

722 PAIN I, H. R.; BHOOKUL, N. Some aspects of the biology 
of Trogoderma granarium Everts (Dermestidae: Coleoptera). 
Research Bulletin of the Panjab University. Science (1984) 35 
(3/4) 19-21 [En, 8 ref.) Department of Zoology, Panjab Uni
versity, Chandigarh-160014, India. 

Observations made in India on some unrecorded aspects of 
the biology of Trogoderma granarium on stored cereals indi
cated that no feeding took place during the rather short adult 
lifespan. Adults normally flew only when briefly disturbed, and 
persistent disturbance resulted in thanatosis. Oviposition began 
1-2 h after mating, the eggs being laid singly among the grains. 
The males passed through 5 and the females through 6 larval 
instars. Characteristics of the moulting and mating processes 
are described. 

723 DUTI, N.; RoY, D. Effect ofsublethal dosages of insec
ticides on the population dynamics of pulse beetle, Cal
losobruchus chinensis L. Science and Culture (1984) SO (5) 
167-170 [En, 4 ref.) Department of Agricultural Entomology, 
Bidhan Chandra Krishi Viswa Vidyalaya, Kalyani, West Ben
gal, India. 

Laboratory-reared adults of Callosobruchus chinensis in 
India were exposed 3 days after emergence to sublethal concen
trations (representing the LC20, LC30 and LC40) of diazinon, 
fenitrothion, fenthion, Metasystox [ demeton-S-methyl) or 
dimethoate, by contact for I h with residual films from these 
com~unds. Treated males and females were placed in pairs in 
petn dishes containing fresh gram seeds [Cicer arietinum] for 
mating and oviposition. Treated adults of both sexes had a 
shorter lifespan than did untreated ones, but females survived 
longer than males and laid more eggs per day than did untreated 
females; this increased fecundity, of which the rate differed with 



different insecticides, was less marked in females treated with 
the equivalent of the LC20 and LC30 than with the LC40. Most 
of the eggs laid by treated females hatched. Despite the shorter 
lifespan, the eventual result of sublethal treatment was a popu
lation increase in comparison with untreated insects. 

Mites 

See also absts. 400, 468, 755, 838 

724 CHMIELEWSKI, W. (Tyrophagus /ongior (Gerv., 1844) 
(Acarina, Acaridae) - bioecology, occurrence and harmfulness.) 
Tyrophagus longior (Gerv., 1844) (Acarina, Acaridae)- bio
ekologia, wyst~;powanie i szkodliwoSC. Prace Naukowe 
Instytutu Ochrony RoSlin (1984) 26 (I) 69-85 (PI, en, ru, 24 
ref., 4 fig.] 

The biology, ecology, occurrence and harmfulness of 
Tyrophagus /ongior were studied in Poland. The duration of 
development of the mite averaged 15.8 days at 20•c and 13.8 
days at 25°C and 85% RH. The optimum conditions for devel
opment of the pest were 20-30°C and 85-95% RH, and the 
most suitable rearing substrates included wheat germ, bakers' 
yeast and oleaginous seeds. Under these conditions, each female 
laid an average of 327.6 eggs during its lifespan. The lifespan 
increased with decreased temperature, reaching an average of 
166.8 days (female) at 10-15•C. Marked inhibition of mite 
development and oviposition occurred at temperatures below 15 
or above 35°C and at low humidities (65% RH). T. /ongior was 
shown to be a polyphagous pest of stored food products, seeds 
and greenhouse cucumber. Heavy infestation could cause dam
age to or even total destruction of food products, seeds and 
plants. Infestation of seeds by T. /ongior, especially those of 
oleaginous plants (hemp, poppy and sunflower) reduced their 
germination capacity and energy. The mite also occurred in 
beehives and birds' nests. 

725 NAVARRO, S.; LIDER, 0.; GERSON, U. Response of 
adults of the grain mite, Acarus siro L. to modified atmospheres. 
Journal of Agricultural Entomology (1985) 2 (1) 61-68 [En, 
21 ref., 5 fig.] Department of Stored Products, Agricultural 
Research Organization, Bet Dagan, Israel. 

The mortality of newly emerged adults of the stored-prod
uct pest Acarus siro was assayed by exposing them to 2, 4, 6, 10 
or 21% oxygen in nitrogen, or to 10, 20, 30 or 40% carbon 
dioxide in 21% oxygen and with the balance of the atmosphere 
made up of nitrogen. The tests were carried out at 15 or 26°C 
and 75% RH in a specially designed apparatus. The mean dura
tion of mite survival in atr was 11 and 7 days at 15 and 26°C, 
respectively. Ex~ure to 2% oxygen was required to obtain 
100% mortality on 72 hat l5°C; the same result was obtained 
within 120 hat 26•C by exposure to 10% oxygen. At l5°C, 30% 
carbon dioxide was required for 96 h to achieve 100% mortality; 
at 26°C, 20% carbon dioxide or more produced the same result 
within 72 h. 

Rodents 

See also abst. 832 

TECHNIQUES 

See also absts. 400, 639, 715 

726 MALl! DIS, C. G.; SCHOLEFIELD, J. Determination oflhe 
beat resistance of spores using a solid heating block system. 
Journal of Applied Bacteriology (1985) 59 (5) 407-411 [En, 13 
ref., 4 fig., 1 tab.) Food Sci. Div., Dep. Bioscience Biotechnol
ogy, Univ. Strathclyde, Glasgow, Umted Kingdom. 

A simple and accurate technique for the determination of 
the heat resistance of spores is described. The technique com
bines a modified capillary tube method with a solid heating 
block. The come-up time of spore suspensions was found to be 
short and simple and an accurate technique is suggested for the 
correction of the come-up times. Experimental results are 
presented for the destruction of spores of Bacillus 
stearothermophilus at l20°C which indicates the accuracy and 
reproducibility of the new method. 
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CONTROL 
See also absts. 453, 466, 470, 474-475, 496, 502-503, 505-

506, 508-509, 514, 516, 519-523, 525, 527-528, 536, 
539, 655, 658-660, 675, 678-679, 683, 685, 688, 695. 
710, 7/3, 717, 719-720, 723, 725,824 

727 RABINDRA, R. J.; BALASUBRAMANIAN, M.; JAYARAJ, S. 
Effect of beat and gamma irradiation on the infectifity of Fari
nocystis tribolii to Tribolium castaneum. Journal of Inverte
brate Pathology (1985) 45 (3) 365-366 [En, 3 ref.] Department 
of Entomology, Tamil Nadu Agricultural University, 
Coimbatore 641 003, India. 

The schizogregarine Farinocystis tribolii is highly infective 
to larvae ofthe stored-products pest Tribolium castaneum in all 
instars. Laboratory studies were carried out in India to deter
mine the effect of dry heat, moist heat and gamma-radiation on 
the infectivity of F. tribolii to the beetle. The spores of F. tribolii 
were more sensitive to moist heat than to dry heat; the IT 50 (the 
temperature to which the spores should be exposed for 30 min so 
that the mortality in inoculated larvae is inhibited by 50%) was 
lower in moist heat (45.64°C} than in dry heat (55.7JOC). 
Spores exposed to 60°C moist heat or 62•C dry heat lost their 
VIrulence completely; the relevance of this finding to the safety 
of pathogen-treated wheat flour is discussed. Spores exposed to 
gamma-radiation at a dose of 35 krad were completely inacti
vated; the IR50 (the quantum of gamma-radiation to which the 
spores should be exposed so that mortality in inoculated larvae is 
inhibited by 50%) was 13.4 krad. This indicated that F. tribolii 
and gamma-radiation should not be used together in the control 
of T. castaneum. 

728 MEHTA, V. K.; SETHI, G. R.; GARG, A. K. Effect of 
gamma radiation and fumigants on Tribolium castaneum 
(Herbst). Journal of Nuclear Agriculture and Biology ( 1984) 
13 (4) 109-112 (En, 14 ref.] Nuclear Research Laboratory, 
Indian Agricultural Research Institute, New Delhi-110 012, 
India. 

The combined effect of gamma-radiation and 4 commonly 
used fumigants (ethylene dibromide, a mixture of ethylene 
dibromide and carbon tetrachloride (EDCT), carbon disulfide 
and methyl bromide) on larvae and adults of Tribolium cas
taneum was studied in the laboratory in India, the irradiation 
preceding or followin~ fumigation. Larvae and adults exposed 
to 5 and 10 krad reqUired higher doses of fumigants if fumiga
tion occurred within 6 h of irradiation than if it was performed 7 
days after irradiation. Irradiation preceding fumigation affected 
the susceptibility of the insects to subsequent fumigation, but 
fumigation did not affect the susceptibility of the survivors to 
subsequent irradiation. 

729 SRIVASTAVA, U. S.; SRIVASTAVA, R. C. Juvenoid
induced supernumerary larval instars in certain stored grain 
insects. Proceedings of the Indian Academy of Sciences, 
Animal Sciences (1983, reed. 1985) 92 (3) 263-276 [En, 35 
ref.] Department of Zoology, Allahabad University, Allahabad 
211 002, India. 

In Ephestia cautella, Corcyra cepha/onica and Tribolium 
castaneum, multiple and viable supernumerary larval moults 
were brought about by treatment of the last-instar larvae with 
the juvenoids Ro 10-3108 [epofenonane] and ZR-619 
[triprene). The normal last larval instar responded to such treat
ment throughout its life, but the number of extra moults was 
age- and dose-related. Supernumerary instars showed progres
sive increase in weight, size and head width. Dyar's law of 
growth was not strictly applicable. Until a certain stage, a single 
treatment or removal from a medium containing juvenoid was 
followed by 2 or 3 further moults and the insects then metamor
phosed normally. Administration of juvenoids in the food was 
more effective than topical treatment. 

730 NAWROT, J.; BLOSZYK, E.; GRABARCZYK, H.; DROZDZ, B. 
Deterrent properties of sesquiterpene lactones for the selected 
storage pests. Prace Naukowe Instytutu Ochrony Roslin ( 1982, 
reed. 1985) 24 (I) 27-36 [En, pi, ru, 15 ref., 2 fig.) Institute for 
Plant Protection, 60-318 Poznan, Poland. 

The effects of 14 sesquiterpene lactones on feeding by 
Troqoderma granarium, Sitophilus granarius and Tribo/ium 
conjusum on wafer discs were studied in the laboratory in 
Poland. All the tested compounds considerably reduced feeding 
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by these pests; the most effective were helena lin, eupatoriopicrin 
and linifolin A. 

731 NAWROT, J.; BtoSZYK, E.; GRABARCZYK, H.; DR02D2, B. 
Feeding deterrent acti¥ity of the Compositae plant extracts for 
the selected storage pests. Prace Naukowe Instytutu Ochrony 
RoSlin (1982, reed. 1985) 24 (1) 37-44 [En, pl, ru, 4 ref.] 
Institute for Plant Protection, 60-318 Poznaii, Poland. 

The feeding deterrent effects of extracts and lactone frac
tions of various plants of the Compositae against Tribolium 
confusurn, Trogoderma granarium and Sitophi/us granarius 
fed on wafer discs were studied in the laboratory in Poland. The 
greatest deterrent effects on adults of S. granarius were caused 
by lactone fractions of Telekia speciosa and Asteriscus mari
timus. Larvae of Trogoderma granarium consumed the small
est amount of wafer disc treated with chloroform and petroleum 
benzene extracts of Perezia multiflora and Venidium hirsutum. 
The same extracts of V. hirsutum had the strongest deterrent 
effect on adults of Tribolium confusum. 

732 PR~DZY~SKA, A. [fhe suitability of ultrasound for con
trolling stored-product pests. I. Tbe effect of ultrasounds on seed 
germination and plant growth of wheat.] PrzydatnoSC 
ultradiwir;k6w w zwalczaniu szkodnik6w magazynowych. I. 
Wptyw ultradiwi~k6w na kietkowanie ziaren i wzrost roSlin 
pszenicy. Prace Naukowe lnstytutu Ochrony RoSlin (1982, 
reed. '1985) 24 (1) 69-76 [PI, en, ru, 6 ref., 1 fig.] 

As part of a study of the suitability of ultrasonic sound as a 
means of controlling stored-product pests such as Sitophilus 
granarius, the effects of ultrasonic waves on the germination 
and growth of wheat were studied in the laboratory in Poland. 
Exposure to ultrasonic sound for 1-5 min accelerated germina
tion and growth, while treatment for 10 min caused slowing of 
development and sometimes killed plants. 

733 PR~DZY~SKA, A. [The suitability of ultrasound for con
trolling stored-product pests. II. The effectiveness of treatment 
with ultrasonic waves on all stages of the granary weevil 
(Sitophilus granarius L.).] Przydatnosc ultradzwi~k6w w 
zwalczaniu szkodnik6w magazynowych. II. Skuteczno.SC 
dziafania fal ultradiwi~kowych na wszystkie stadia rozwojowe 
wolka zbozowego (Sitophilus granarius L.). Prace Naukowe 
lnstytutu Ochrony Roilin (1982, reed. 1985) 24 (1) 77-90 [PI, 
en, ru, 33 ref.] 

A laboratory study was carried out in Poland on the effec
tiveness of ultrasonic sound against all developmental stages of 
the stored-grain pest Sitophilus granarius. The negative effects 
on the pest were manifested by reduced adult emergence and by 
mortality. In order to kill all the stages of S. ?[anarius inside 
wheat grains, treatment for 5 min at 14.5 W fern was necessary. 
At this intensity, adults were killed within 2 min when treated 
outside the grains and within 4 min in the kernels. During 
treatment at about 5.4 W fern', 100% mortality of adults was 
obtained after 2.5 min when treate1 outside grains and after 5 
min when treated inside grains. 

734 NAWROT, J.; BLOSZYK, E.; GRABARCZYK, H.; DR02D2, 
B.; DANIEWSKI, W. M.; HOLUB, M. Further evaluation of 
feeding deterrency of sesquiterpene lactones to storage pests. 
Prace Naukowe lnstytutu Ochrony Roslin (1983, reed. 1985) 
25 (1) 91-98 [En, pl, ru, 20 ref.] 

The deterrent effect of II sesquiterpene lactones on adults 
of Sitophi/us granarius, adults and larvae of Tribolium con
fusum and larvae of Trogoderma granarium was studied in the 
laboratory in Poland. The activity of the test compounds was 
compared with that of helenalin. Deterrent activity equal to or 
greater than that of helcnalin was caused by arctolide, ursini
olide A, lactarorufins A and B and erivanin against adults of 
Tribolium confusum, and by arctolide, desacetylarctolide and 
lactarorufin A against larvae of T. confusum and Trogoderma 
granarium. 

735 NAWROT, J. [Principles for control of the grain weevil 
(Sitophilus granarius L.) (Coleoptera: Curculionidae) using nat
ural chemical compounds affecting the behaviour of the beetles.] 
Podstawy do zwalczania wotka zbotowego (Sitophilus 
granarius L.) (Coleoptera: Curculionidae) przy uzyciu 
naturalnych zwi~zk6w chemicznych wplywaj~cych na 
zachowanie si~ chrz~szczy. Prace Naukowe lnstytutu Ochrony 
Roslin (1983, reed. 1985) 24 (2) 173-197 [Pl, en, ru, 39 ref., 4 
fig.] 
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Long-term studies were carried out in Poland on the struc
ture of the sense organs of the stored-grain pest Sitophilus 
granarius and on the behaviour of the pest in the presence of 
feeding attractants, repellents and antifeedants. On the basis of 
the reaction of the pest to substances isolated from wheat grain, 
it was found that those acting as phagostimulants were trig
lycerides containing residues of palmitic, linolic, oleic and 
linolenic acids; these compounds show similar activity against 
other stored-product pests. More than 50 sesquiterpene lac
tones, 24 alkaloids, I 0 acidic lactones and 54 extracts from 28 
plant species were tested for their antifeedant activity, and the 
most effective compounds were the lactones helenalin, linifolin 
A, eupatoriopicrin, yatein, bakkenolide and bisabolangelone. 
The most effective repellent was caraway oil, the main compo
nent of which is carvone. 

736 HOLE, B. D.; BELL, C. H.; BOWLEY, C. R. The toxicity 
of methyl chloroform to stored product insects. Journal of 
Stored Products Research (1985) 21 (2) 95-100 [En, 7 ref.] 
MAFF, Slough Laboratory, Berks, SL3 7HJ, United Kingdom. 

The susceptibility to methyl chloroform of Cryptolestes 
ferrugineus, Ephestia kuehniel/a, Oryzaephilus surinamensis, 
Rhyzopertha dominica, Sitotroga cerea/el/a, Sitophilus 
granarius, S. oryzae and Tribolium confusum in all develop
mental stages, diapausing larvae of E. elutel/a, E. cautel/a, 
Plodia interpunctel/a and Trogoderma granarium and adults of 
Tribolium castaneum was studied. Tests were conducted at 15, 
20 and 25°C, 55-75% RH with concentrations ranging from 25 
to 200 mgflitre and exposure times from 8 h to 16 days. The 
toxicity of methyl chloroform was in general similar to that of 
carbon tetrachloride. Immature stages of R. dominica, Sita. 
troga cerealella and Sitophilus spp., and diapausing larvae of 
Trogoderma granarium, showed the highest levels of tolerance. 
Methyl chloroform was more effective at the higher tempera
tures but a concentration of 50 mg/litre was below the threshold 
level for full toxicity against 5 species at 25°C. Depending on 
the species concerned. the concentration X time (CT) product 
required for control varied from 3700 mg.h/litre at 25°C to 
60 000 mg.hflitre or more at 20°C. At l5°C, fewer species were 
tested, but 5 of 9 survived CT products in the region of 30 000 
mg.hjlitre. There was no appreciable difference between the 
susceptibility of the immature stages of malathion-resistant and 
susceptibles strains of 0. surinamen.sis. Neither were any con
sistent differences observed between adults of normal suscepti
bility and those resistant to methyl bromide or phosphine. 

737 EVANS, N. J. The effectiveness of various insecticides 
on some resistant beetle pests of stored products from Uganda. 
Journal of Stored Products Research ( 1985) 21 (2) 105-109 
[En, 8 ref.] Tropical Development & Research lnstitute, Stor
age Department, Slough, Berks, SL3 7HL, United Kingdom. 

Laboratory tests were carried out on populations of 
Tribolium castaneum, T. confusum, Sitophilus zeamais. Cal
losobruchus maculatus and Zabrotes subfasciatus from 
Uganda, firstly to determine whether they were resistant to 
malathion and/or lindane and secondly to measure the effec
tiveness and stability of pirimiphos-methyl, fcnitrothion, 
etrimfos, permethrin and deltamethrin dilute dusts in protecting 
cereals and pulses from these pests. All populations tested were 
resistant to malathion or lindane and some were resistant to 
both. Of the insecticides tested, deltamethrin at I p.p.m. was 
generally the most effective. The organophosphorus compounds 
were only effective against the Tribolium spp. and S. zeamais. 
Permethrin was the least effective, only controlling C. 
rnaculatus. 

738 LAMBERT, J. D. H.; GALE, J.; ARNASON, J. T.; PHI· 
LOGENE, B. J. R. Bruchid control with traditionally used insec
ticidal plants Hyptis spicigera and Cassia nigricans. Insect 
Science and its Application (1985) 6 (2) 167-170 [En, fr, 9 ref., 
6 fig.] Department of Biology, Carleton University, Ottawa, 
K 1 S 5 B6, Canada. 

The effectiveness of the plants Hyptis spicigera and Cassia 
nigricans (from Upper Volta) used by farmers to control insect 
infestation in stored cowpeas [Vigna unguicu/ata] was studied 
in the laboratory. The oviposition and hatching of Acanthosce
lides obtectus in beans (Phaseolus vulgaris) were reduced when 
extracts of the plants (1 g plant material to 1 ml ethanol) were 
applied at low rates; the ECSO varied from 0.3 to 14 ~1 extractfg 
bean. 



739 MKHIZE, J. N.; GUPTA, A. P. The importance offormu
lating insect growth regulators with surfactants and their blends 
for the control of the rice weevil, Sitophilus oryzae (L.) (Coleop
tera: Curculionidae). Insect Science and its Application (19S5) 
6 (2) 1S3-1S6 [En, 15 ref.] Department of Entomology & Eco
nomic Zoology, Cook College, New Jersey Agricultural Experi
mental Station, Rutgers University, New Brunswick, NJ OS903, 
USA. 

The use of surfactants and their blends to improve the 
penetration of hydroprene and R-2045S [(E)·3-[5-(4·ethylphe
noxy)-3-methyl-3-pentenyl]-2,2·dimethyloxirane] into wheat 
kernels for the control of Sitophilus oryzae was investigated in 
the laboratory. The formulation of these insect growth regula
tors with the surfactant Tween-S5 (polyoxyethylene trioleate) 
increased mortality of the weevil. The formulation of 
hydroprene with a blend of Span-SO (sorbitan monooleate) and 
Tween-SO (polyoxyethylene monooleate) produced results simi
lar to those with hydroprene plus Tween-85. However, formula· 
tions of the insect growth regulators with surfactants with high 
or low hydrophile-lipophile balance (HLB) failed to provide 
suitable control of the weevil, probably due to the type of emul
sions formed. The same results were obtained with hydroprene 
formulations with blends of Spans and Tweens, even though 
their HLBs were close to that of Tween-S5. The residual half
life of hydroprene was about 3 months; formulations with 
Tween-85 or a blend of Span-80 did not enhance this residual 
activity. 

740 WILLIAMS, P.; MINETI, W.; SAVAGE, P.; WILSON, A. D.; 
BUCHANAN, S. A.; GUIFFRE, V. Commercial potential of 
methyl bromide and carbon dioxide mixtures for disinfesting 
grain. In Controlled atmosphere and fumigation in grain 
storages. Proceedings of an international symposium 'Practical 
aspects of controlled atmosphere and fumigation in grain 
storages" held from II to 22 April 1983 in Perth. Western 
Australia [edited by Ripp, B.E.j. Amsterdam, Netherlands; 
Elsevier (19S4) 55-65 [En, S ref., 2 fig.] Plant Research Insti
tute, Burnley, Victoria 3121, Australia. 

The commercial potential of methyl bromide and carbon 
dioxide gas mixtures under recirculation for grain insect control 
was investigated in a 2000-t welded steel silo in New South 
Wales; the trial aimed to achieve aCt product of 50 g/h/m3 of 
methyl bromide in an atmosphere of 20% or more of carbon 
dioxide within 24 h. This is one-third of the recommended Ct 
product for methyl bromide alone. When the desired Ct product 
was achieved in an atmosphere containing 40-60% carbon 
dioxide, all stages of Tribolium castaneum, Rhyzopertha domi
ni ca. Sitophilus oryzae and S. granarius were killed. Bromide 
residues could be reduced by at least two-thirds as a conse
quence of using a lower concentration of methyl bromide. 

741 BELL, C. H. Effects of oxygen on the toxicity of carbon 
dioxide to storage insects. In Controlled atmosphere and fumi
gation in grain storages. Proceedings of an international sym
posium 'Practical aspects of controlled atmosphere and 
fumigation in grain storages" held from II to 22 April I983 in 
Perth. Western Australia [edited by Ripp, B.E.]. Amsterdam, 
Netherlands; Elsevier (19S4) 67-74 [En, 23 ref.] Ministry of 
Agriculture, Fisheries & Food, Slough, Berks, United 
Kingdom. 

Eggs of the stored-product pests Ephestia cautel/a and E. 
kuehniella 2, 20 and 44 hold were exposed at 15 and 25°C to 
gas mixtures containing up to 80% carbon dioxide and 20% 
oxygen with any balance as nitrogen, to similar mixtures in air, 
and to carbon dioxide alone. At both temperatures, eggs 2 hold 
were killed within 18 h by any mixtures containing over 40% 
carbon dioxide. Eggs aged 20 h or more were killed by any 
mixture containing over 30% carbon dioxide within 48 h at 
25°C, but required 5-7 days for control in mixtures containing 
40% or more carbon dioxide at l5°C. Increasing the oxygen 
content from 4 to 20% had little effect on the lethality of SO% 
carbon dioxide at either temperature, but an increase to 100% 
carbon dioxide shifted the most tolerant age group from 44 to 20 
h. The implications for practical control are discussed. 
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742 DESMARCHELIER, J. M.; WOHLGEMUTH, R. Response 
of several species of insects to mixtures of phosphine and carbon 
dioxide. In Controlled atmosphere and fumigation ln grain 
storages. Proceedings of an international symposium 'Practical 
aspects of controlled atmosphere and fumigation in grain 
storages" held from II to 22 April I983 in Perth, Western 
Australia [edited by Ripp, B.E.J. Amsterdam, Netherlands; 
Elsevier (1984) 75-Sl [En, 2 fig.] Biologische Bundesanstalt ftir 
Land- und Forstwirtschaft, Berlin-Dahlem, German Federal 
Republic. 

The exposure of the stored-product pests Tribolium cas
taneum, T. confusum, Rhyzopertha dominica and Trogoderma 
granarium to low levels of phosphine (50 or 200 mlflitre) in 
mixtures of carbon dioxide and air (25 or 75% carbon dioxide) 
enabled a quicker kill than did exposure to either carbon diox
ide-air mixtures or phosphine in air. This result was sometimes 
due to synergism (carbon dioxide potentiating the action of 
phosphine) and sometimes due to the relative order of suscepti
bility of different stages in the life cycle to one component of the 
mixture. At the L T99 level, mixtures of phosphine and carbon 
dioxide-air were not more effective than phosphine alone in 
controlling pupae and eggs of Sitophilus granarius and S. 
oryzae. 

743 BANKS, H. J.; ANNIS, P. C. On criteria for success of 
phosphine fumigations based on observation of gas distribution 
patterns. In Controlled atmosphere and fumigation in grain 
storages. Proceedings of an international symposium 'Practical 
aspects of controlled atmosphere and fumigation in grain 
storages" held from II to 22 April I983 in Perth. Western 
Australia [edited by Ripp. B.E.j. Amsterdam, Netherlands; 
Elsevier (19S4) 327·341 [En, 16 ref., 4 fig.] CSlRO Division of 
Entomology, GPO Box 1700, Canberra, ACT 2601, Australia. 

Using examples from recent full-scale field trials in Austra
lia, defects in the retention, distribution and application of fumi
gants that can lead to inefficient use of material and the survival 
of insect pests are illustrated. The ratio of minimum to maxi
mum concentration is used as an indicator of distribution in 
unsealed systems with uniform admixture of phosphine-releas
ing agents and sealed systems with surface application. A set of 
criteria is proposed by which the success of a treatment can be 
judged. In increasing order of stringency the criteria are (a) the 
grain be found free of insects by inspection after treatment, (b) 
the average maximum concentration of phosphine be over half 
that expected theoretically, (c) the concentration at the end of 
the exposure period be greater than the minimum effective 
against insects and (d) the ratio of the minimum to maximum 
concentration exceed 0.25 after not more than 25% of the expo
sure period. 

744 MUTHU, M.; RAJENDRAN, S.; KRISHNAMURTHY, T. S.; 
NARASIMHAN, K. S.; RANGASWAMY, J. R.; JAYARAM, M.; 
MAJUMDER, S. K. Ethyl formate as a safe general fumigant. 
In Controlled atmosphere and fumigation in grain storages. 
Proceedings of an international symposium 'Practical aspects 
of controlled atmosphere and fumigation in grain storages' 
held from I I to 22 April I983 in Perth. Western Australia 
[edited by Ripp. B.E.j. Amsterdam, Netherlands; Elsevier 
(19S4) 369-393 [En, 17 ref.] Central Food Technology 
Research Institute, Mysore 570 013, India. 

Ethyl formate has been used successfully for the fumiga
tion of individual packages for many years, and in tests reported 
from India it has shown promise as a safe feneral fumigant for 
stored foods in large quantities. Dosages o 300-400 gmfm3 in 
an exposure period of 48-72 h controlled all stages of msects 
(including Tribolium castaneum and Sitotroga cerealella) in 
stored grains and their products. Large-scale disinfestation has 
been carried out on various agricultural commodities, including 
cereals, pulses, spices, dry fruits, nuts and dried tubers. Fumiga
tion methods are discussed. The residues of ethyl formate or 
formic acid are much below the permissible limit of 250 p.p.rn. 
Simple methods of detecting the above have been developed. 
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745 VILJOEN, J. H.; COETZER, J. J.; VERMAAK, C. J. Fumi
gation trials with a mixture of methyl bromide and carbon diox
ide in larger type silo bins. In Controlled atmosphere and 
fumigation in grain storages. Proceedings of an international 
symposium 'Practical aspects of controlled atmosphere and 
fumigation in grain storages' held from II /o 22 April 1983 in 
Perth, Western Australia {edited by Rip_p, B.E.j. Amsterdam, 
Netherlands; Elsevier (1984) 395-417 [En, 7 ref., 6 fig.] Plant 
Protection Research Institute, Private Bag X 134, Pretoria 
0001, South Africa. 

Tests with mixtures of methyl bromide and carbon dioxide 
for the control of insect pests (including Tribolium castaneum, 
Crypto/estes sp., Sitophilus granarius, S. zeamais, 
Rhyzopertha dominica and Oryzaephilus surinamensis) were 
conducted in silo bins containing stored grain at 3 sites in South 
Africa. Very high methyl bromide concentrations and complete 
kill of insects were obtained when the carbon dioxide was 
applied as a gas. Where the carbon dioxide was applied as snow 
or dry ice, the methyl bromide concentrations were much lower 
and there were distinct areas where very low concentrations and 
some insect survival occurred. It was concluded that air was 
trapped under the heavy gases and that there might still be a 
need for recirculation to disperse methyl bromide more 
uniformly. 

746 Nl, Z. Z. Fumigation trials with carbon disul
phide:carbon tetrachloride (20:80) in silo bins. In Controlled 
atmosphere and fumigation in grain storages. Proceedings of 
an international symposium 'Practical aspects of controlled 
atmosphere and fumigation in grain storages' held from II to 
22 A'/ril /983 in Perth, Western Australia {edited by Ripp, 
B.E . . Amsterdam, Netherlands; Elsevier (1984) 657-662 [En] 
Department of Grain Storage, Nanjing Food Economy College, 
Nanjing, Jiangsu Province, China. 

Trials were carried out in Shanghai, China, to develop a 
simple fumigation system for grain stored in silo bins. Prelimi
nary experiments in the laboratory and on a pilot scale showed 
that a mixture of carbon disulfide with carbon tetrachloride at 
20:80 w Jw was an effective fumigant against Sitophilus 
zeamais, Tribo/ium castaneum and Cryptolestes pusil/us at a 
rate of 331 gfm3 for a 7-day exposure period at about 29°C 
grain temperature. A dosage of 220 gfm gave incomplete con
trol. It was found that the fumigant mixture applied to the grain 
surface in 2 sealed test bins 30 m high at 331 gfm' gave com
plete control of test insects (including immature stages of T. 
castaneum and pupae of S. zeamais) placed in the grain close to 
the surface. Both fumigant components penetrated the grain 
mass rapidly and were retained at substantial concentrations for 
more than I 0 days. 

747 LIMA, C. P. F. DE Minimal fumigant requirements for 
long-term air-tight storage of grain. In Controlled atmosphere 
and fumigation in grain storages. Proceedings of an interna
tional symposium 'Practical aspects of controlled atmosphere 
and fumigation in grain storages' held_from //to 22 April/983 
in Perth, Western Australia {edited by Ripp, B.E.j. Amster
dam, Netherlands; Elsevier (1984) 665-671 [En, 11 ref., 4 fig.] 
Malkerns Research Station, PO Box 4, Malkerns, Swaziland. 

In large air-tight storage structures, the control of insects 
in stored grain is slow because the relatively large volume of 
oxygen is not depleted quickly enough to exert control. In 
Kenya, practical use of large hermetic bins during the past l 0 
years has shown that effective control of insects (including Sito
troga cereale//a, Ephestia cautella, Sitophilus zeamais and 
Tribolium castaneum) can be obtained through the use of 
phosphine gas at the lower limit of the effective concentration 
determined in laboratory experiments. Complete insect control 
is achieved at 0.0303 mgjlitre applied to the whole bin volume. 
In developing countries where grain may be stored for relatively 
long periods of time to meet domestic requirements and long
term famine reserves, the usc of low phosphine concentrations in 
hermetic containers may have economic advantages over con
trolled atmospheres obtained from the use of nitrogen and car
bon dioxide gases. 
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748 GREENING, H. G. Fumigation trials with farm-stored 
grain. In Controlled atmosphere and fumigation in grain 
storages. Proceedings of an international symposium 'Practical 
aspects of controlled atmosphere and fumigation in grain 
storages' held from II to 22 A'fril I983 in Perth, Western 
Australia {edited by Ripe_, B.E. . Amsterdam, Netherlands; 
Elsevier (1984) 673-682 [En, 10 ref.] Biological & Chemical 
Research Institute, Department of Agriculture, PMB 10, 
Rydalmere, New South Wales 2116, Australia. 

Fumigation (.against Sitophilus oryzae, Rhyzopertha 
dominica, Tribolium castaneum, Latheticus oryzae and 
Cryptolestes sp.) of grain stored in bolted-iron farm silos was 
investigated at 3 places in New South Wales in 1976-82. Fumi
gant leakage from unsealed bins reduced the effectiveness of 
carbon disulfide applied at dosages that were effective for 24~h 
fumigation in bins enveloped in plastic sheeting. Fumigation 
with 2, 6 or 12 g phosphine/!, applied as tablets containing 
aluminium phosphide probed into the grain, was effective both 
in unsealed bins and in bins enveloped in plastic sheeting for 
7-10 days. Another tablet formulation containing aluminium 
phosphide, urea and ammonium bicarbonate, tested in conjunc
tion with the aluminium phosphide-ammonium carbamate for
mulations used previously in these trials, gave similar results at 
6 g phosphine/! after 7-8 days in unsealed bins. 

749 BOND, E. J. Fumigation as part of an integrated pest 
management program. In Controlled atmosphere and fumiga
tion in grain storages. Proceedings of an international sympo
sium 'Practical aspects of controlled atmosphere and 
fumigation in grain storages' held_from //to 22 Apri//983 in 
Perth, Western Australia {edited 6y Ripp, B.E.j. Amsterdam, 
Netherlands; Elsevier (1984) 723-738 [En, 39 ref., 1 fig.] 
Research Centre, Agriculture Canada, London, Ontario, N6A 
5B7, Canada. 

The topics discussed in this review of fumigation as part of 
an integrated pest management programme in stored grain 
include hazards and safey precautions; health standards for 
fumigants; detection and analysis of fumigants; effectiveness of 
fumigants in controlling insects; properties of fumigants and 
fumigation and pest management programmes. 

750 BENGSTON, M. Development of grain protectants for 
use in Australia. In Controlled atmosphere and fumigation in 
grain storages. Proceedings of an international symposium 
'Practical aspects of controlled atmosphere and fumigation in 
grain storaces' held from I I to 22 Apri//983 in Perth, Western 
Australia fedited by Ripp, B.E.j. Amsterdam, Netherlands; 
Elsevier (1984) 647-655 [En, 12 ref.] Department of Primary 
Industry, Indooroopilly, Queensland 4068, Australia. 

This account of the development of grain protectants for 
use in Australia includes information on test procedures 
(including the use of resistant strains of insect pests and field 
testing), combinations of grain protectants, protectants to con
trol major pests (including multi-resistant strains of 
Rhyzopertha dominica), synergism of synthetic pyrethroids, 
comparison between grains, a summary of application rates that 
have been shown to be effective for up to 9 months' storage, and 
residues. 

751 DESMARCHELIER, J. M. (PROJECT DIRECTOR) Kinetics 
of decay of candidate pesticides for integrated pest control pro
grams. In Australian Centre for International Agricultural 
Research. Annual report /983-84. For the period I July I983 
to 30 June 1984. Canberra, Australia; Commonwealth of Aus
tralia (1984) 23 [En, 1 fig.] CSIRO Division of Entomology, 
Canberra, Australia. 

Australia is recognized as a world leader in pesticide stud
ies for the protection of grain. All South-East Asian countries 
have requested collaborative studies on pesticides. Little basic 
information exists on how pesticides behave when exposed to the 
high ambient humidities and commodity moisture contents pre
vailing in these countries. The project here briefly reported will 
study the chemical processes causing loss of insecticides during 
the storage and processing of tropical grains, nuts and legumes. 
The basic studies of pesticide decay will be carried out in Aus
tralia and field trials will be carried out in South-East Asia. 



752 SMITH, L. B. Control of stored grain insects with low 
temperatures. In Proceedings of the Thirty-first Annual Meet
ing, Canadian Pest Management Society, Winnipeg, Manitoba, 
20-22 August, 1984. Canada; Canadian Pest Management 
Society (1984?) 44-49 [En, 4 ref.] Research Station, Agricul
ture Canada, Winnipeg, Manitoba, R3T 2M9, Canada. 

The results are presented of laboratory investigations and a 
field trial in Manitoba on the cold tolerance of insect pests of 
stored grain. Most of the species tested were susceptible to 
freezing temperatures. and it is suggested that this is the main 
reason why Oryzaephi/us mercator, Sitophilus granarius, S. 
oryzae and S. zeamais are rarely or never found in stored grain 
in the Prairie Provinces of Canada. Cryptolestes ferrugineus is a 
common pest of stored grain there because it can acclimate to 
low temperatures and survive for several weeks at temperatures 
as low as -5°C. Tribolium castaneum and 0. surinamensis 
cannot survive at temperatures below freezing for more than 2 
weeks. The reason they have become established as pests of 
stored grain must be because they are able to find heated habi
tats in which to survive the winter. 

753 WHITE, N.D. G. Research on contact insecticides used 
as structural treatments to control stored-product insects. In 
Proceedings oft he Thirty-first Annual Meeting. Canadian Pest 
Management Society, Winnipeg, Manitoba, 20-22 August, 
/984. Canada; Canadian Pest Management Society (1984?) 
50-57 [En, 36 ref.] Research Station, Agriculture Canada, 
Winnipeg, Manitoba, R3T 2M9, Canada. 

With special reference to conditions in Canada, a review is 
presented of research on contact insecticides used as structural 
treatments to control insect pests of stored products, especially 
grain. A historical review of the main pests and their control in 
Canada is followed by discussions on the classes of insecticides, 
the residual activity of insecticides (including the effects of 
surfaces, formulations and application), insecticide uptake into 
stored products from treated surfaces and resistance to mala
thion in Tribolium spp. in Canada. 

754 BARKER, P. S. The movement of fumigants in stored 
grain. [Review]. In Proceedings of the. Thirty-first Annual 
Meeting, Canadian Pest Management Society, Winnipeg, Man
itoba, 20-22 August, 1984. Canada; Canadian Pest Manage
ment Society (1984?) 64-66 [En, 7 ref.] Research Station, 
Agriculture Canada, Winnipeg, Manitoba, R3T 2M9, Canada. 

755 WEIDNER, H. [Newer literature on biology and ecology 
of stored products mites and insects as a ~asis for sound storage.] 
Neuere Literatur fiber Biologic und Okologie vorratsschlid
licher Milben und Insekten als Grundlage einer gesunden Vor
ratslagerung. Zeitschrift fiir Pjlanzenkrankheiten und 
Pjlanzenschutz (1985) 92 (5) 535-555 [De, 86 ref.] Uhlandstr. 
6, Hamburg, German Federal Republic. 

This evaluative report examines English, German, Dutch, 
French and Norwegian language literature published mainly 
between 1981 and 1984. It briefly considers surveys of the cur
rent position carried out in Israel, USA, United Kingdom and 
Iceland and reports on the occurrence of pests in the German 
Federal Republic, Netherlands, Cape Verde and India (Orissa), 
before covering research on the biology and ecology of the fol
lowing groups of pests: Acarina, Psocoptera, Coleoptera and 
Lepidoptera. The section on storage protection ecolo&y con
sideres the creation of conditions for normal storage (drymg and 
cooling of harvested cereals), storage under modified atmos· 
phere, refrigerated storage as a protection against pest infesta
tion, resistance of pests to these ecological measures (by 
diapause, tolerance to col and adaptation to unfavourable 
temp. and moisture conditions), use of resistant cultivars of rice, 
maize, Phaseo/us vulgaris and Vigna unguiculata, and usc of 
biotechnical methods for detection and control of pests (sexual 
and aggregation pheromones and light traps). 

756 UPSHER, F. J. Development of a controlled release fOia
tile fungicide preparation. International Biodeterioration 
(1985) 21 (3) 211-214 [En, 21 ref., 1 fig., 3 tab.] Materials Res. 
Lab., Defence Sci. Techno!. Organization, P.O. Box 50, Ascot 
Vale, Vic. 3032, Australia. 

Disks ( 400 mg) of open-cell polyurethane foams containing 
2.5% organotin fungicides, (tributyltin acetate and tributyltin 
chloride) prevented all growth on paper inoculated with fungi 
(Aspergillusjlavus, A. niger, A. ochraceus, Paecilomyces,vori
oti, Fusarium sp., Penicillium janthinellum, P. citrinum, 
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Syncephalastrum racemosum) in 50 litre vessels for 6 months 
and inhibited some species after 12 months. The potential of this 
type of system to protect stored goods, o:ptical equipment and 
documents against fungi in humid condittons is discussed. 

757 LENSING, H. H.; OEI, H. L. Investigations on the 
sporicidal and fungicidal activity of disinfectants. Zentralblatl 
fur Bakterio/ogie Mikrobio/ogie und Hygiene, B (1985) 181 
(6) 487-495 [En, de, 17 ref.] Central Vet. Inst., PO Box 65, 
8200 AB Lelystad, Netherlands. 

Glutaraldehyde 4%, sodium/dichloroisocyanurate 
dihydrate (2400 mg/1 active chlorine) and peracetic acid 0.25% 
demonstrated after 30 min of exposure at 20°C in the presence 
of 4% horse serum a clear activity against spores of Bacillus 
cereus. Under the same conditions formaldehyde 4% and 
glutaraldehyde 2% were also sporicidal, but only after a longer 
time of exposure. Spores of B. anthracis and B. cereus appeared 
to be comparatively resistant against these disinfectants, 
whereas conidiospores of Aspergillus fumigatus and A. niger 
were less resistant. Of the microorganisms tested Candida a/hi
cans were the least resistant, and spores of B. subtilis the most 
resistant. It is concluded that B. cereus spores and A.fumigatus 
conidiospores appear to be suitable test organisms. 

BIODEGRADATION- GENERAL 

758 DASILVA, E. J. Microbial technology: some social and 
intercultural implications in development. International Journal 
of Intercultural Relations (1984) 8, 413-432 [En, fr, es, 41 ref.] 
UNESCO, 75700 Paris, France. 

In harnessing the beneficial activities of microbes for 
national development, a number of factors, some social, others 
cultural, are encountered in either the acceptance or rejection of 
such technology by different peoples. Specific examples are 
cited, particularly with the development of technologies for the 
developing world in the food and energy sectors. Attention is 
also given to the role of women and to the use of resources that 
are acceptable to some communities and unacceptable to others 
due to prevailing sociocultural traits. Recognition of the differ
ent aids and barriers in development involves an understanding 
of the existing social and intercultural factors and their 
implications. 

759 SASSOON, A. Biotechnologies: challenges and promises. 
France; UNESCO (1984) 315 pp. ISBN 92-3-102091-9 [En] 

Written to appeal to a wide audience, the various aspects of 
this area of science and technology are clearly described. The 
author also endeavours to present the conflicting interests, 
problems and challenges which are raised by biotechnologies in 
their industrial development, their transfer to less privileged 
countries and their adaptation to various economic, social and 
cultural situations. 

Planning and Plant Design 

See also abst. 771 

Hygiene and Pathogens 

760 HussoNG, D.; BURGE, W. D.; ENKIRI, N. K. Occur
rence, growth, and suppression of salmonellae in composted sew
age sludge. AppUed and Environmental Microbiology ( 1985) 
50 (4) 887-893 [En, 9 ref., 3 fig., 4 tab.] Maryland Environmen
tal Service, ARS, USDA, Beltsville, MD 20705, USA. 

Composted sewage sludge may be used to improve soil 
quantity, but there remains some doubt concerning the microbi
ological safety of the product. Sewage sludge composts from 30 
municipalities were sampled and 4 samples (12%) contained 
Salmonella spp. All 30 composts were inoculated with salmo
nellae; the populations decreased at a specific death rate of 
about O.l5h-1 over 24h at 36°C. In irradiation·sterilized com· 
posts inoculated with salmonellae, the salmonellae grew at a 
rate of 0.65 doublings per h for over 24h. Growth and death 
rates were found to be moisture and flora associated. The 
growth or death rates for antibiotic-resistant salmonellae were 
not different from those of non-resistant strs. It was concluded 
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that the active indigenous flora of compost establishes a homeo
static barrier to colonization by salmonellae, and in the absence 
of competing flora, reinoculated salmonellae may grow to poten
tially hazardous densities. The active microftora of moist com
posts eliminated contaminating salmonellae (lO' /g) after 6 
weeks. 

761 WAlTER, M. V.; VENNES, J. W. Occurrenceofmulti
ple-antibiotic-resistant enteric bacteria in domestic sewage and 
oxidation lagoons. Applied and Environmental Microbiology 
(1985) 50 (4) 930-933 [En, 19 ref., 2 fig., 3 tab.] Dep. 
Microbial. Immunol., Univ. North Dakota Sch. Med., Grand 
Forks, ND 58202, USA. 

The coliform bacterial population in the Grand Forks, 
North Dakota sewa~e system was examined for multiple-antibi
otic-resistant orgamsms over a 1-year period. Multiple-antibi
otic-resistant coliforms were found to be common in the sewage, 
and their numbers remained fairly constant relative to the total 
coliform population throughout the year. Resistance to 
kanamycin, tetracycline and ampicillin was found to be trans
ferable at variable rates. Transfer rates were found to be tem
perature sensitive and were optimal at 35'C. Although 75% of 
the multiple-antibiotic-resistant coliforms were capable of 
transferring resistance at some level, only 25% were capable of 
tranferring resistance at rates greater than 10-3 transconju
gants per initial donor. 

ENVIRONMENTAL POLLUTION 

762 GOlDSTEIN, R. M.; MAllORY, L. M.; AlEXANDER, M. 
Reasons for possible failure of inoculation to enhance 
biodegradation. Applied and Environmental Microbiology 
(!985) 50 (4) 977-983 [En, 20 ref., 8 fig.] Inst. Comparative 
Environmental Toxicol., Cornell Univ., Ithaca, NY 14853, 
USA. 

Pseudomonas strs. capable of mineralizing 2,4-
dichlorophenol (DCP) and p-nitrophenol (PNP) in culture 
media were isolated from soil. Growth of Pseudomonas and its 
ability to mineralize DCP or PNP in lake water (sterile and non
sterile), sewage (sterile and non-sterile) and soil (sterile and 
non-sterile) was studied. It is suggested that microorganisms 
able to degrade organic pollutants in culture sometimes may fail 
to function when inoculated into natural environments because 
the concentration in nature may be too low to support growth or 
because the organisms may be susceptible-to toxins or predators 
in the environment, may use other organic compounds in prefer
ence to the pollutant, or may be unable to move through soil to 
sites containing the chemical. 

BIOLOGICAL WASTE TREATMENT 

Composting 

See also absts. 760, 777-778, 805, 828 

763 MCKINlEY, V. L.; VESTAl, J. R. Effects of different 
temperature regimes on microbial actifity and biomass in com
posting municipal sewage sludge. Canadian Journal of Microbi
ology ( 1985) 31 ( l 0) 919-925 [En, fr, 25 ref., 3 fig., 3 tab.] Dep. 
Biol. Sci., Univ. Cincinnati, Cincinnati, OH 45221, USA. 

Municipal sewage sludge was composted under 2 different 
temp. regimes. The temp. within the compostin~ piles were 
regulated using a temp. feedback system controlling aeration 
fans which blew air up through the piles. Each composting run 
lasted c. 2.5 weeks. In one part of the com posting pile, the mean 
temp. were kept below c. 58°C, while in the other part the mean 
temp. reached 84 o. Two experimental com positing runs of this 
type were performed. In both cases the major treatment effect 
was the highly significant differences in microbial activity 
([ 14C]acetate incorporation into lipids) per g of compost or per 
unit of microbial btomass, with the low-temp. part of the piles 
having the greatest activity. Microbial biomass (measured as 
lipid phosphate) was greater in the low temp. part of the pile by 
day 10 of the 2nd com posting run. The pH of the low-temp. piles 
also tended to increase more rapidly than that of the high temp. 
piles. These results confirm other work in whtch increased rates 
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of C02 production were detected in materials composting at 
lower temp. It is suggested that the efficiency of batch compost
ing processes is greatest at moderate temp. (not exceeding c. 
55'), since higher temp. greatly inhibit the growth and metabo
lism of the microbiota. 

764 KONNO, K.; HIRAI, Y.; HIGASHIDA, S. Changes of the 
chemical components in the decaying process and indexes for 
estimating the degree of maturity of bark composts. Bulletin, 
Hokkaido Prefectural Agricultural Experiment Station ( 1985) 
No.52, 31-40 [En, 18 ref., 5 fig., 6 tab.] Hokkaido Prefectural 
Kitami Agric. Exp. Sta., Kunneppu, Hokkaido 099-14, Japan. 

The pH, EC and water-extractable phenolics of fresh bark 
composts increased rapidly at the initial stage of composting, 
decreased with the process of decaying and reached almost 
constant. The CfN ratio decreased in proportion to the decom
position of carbOhydrate during the process of com posting. Most 
of the inorganic nitrogen was rapidly transformed into the 
organic nitrogen at the initial stage of the comrosting. From the 
results, the indices for estimating the degree a maturity of bark 
composts was considered to be as follows: pH of 6.5-7 .5, EC of 
below 3 mmhofcm, water-extractable phenolics of below 2 X 
w-' M, C/N ratio of below 25 (hardwood bark) or below 35 
(sofwood bark), a ratio of carbon in reducing sugar to total 
nitrogen of below 6 (hardwood bark) or below lO (softwood 
bark), and a ratio of carbon in reducing sugar to total carbon of 
below 20% (hardwood bark) or below 30% (softwood bark). 

Ponds, Lagoons, Oxidation ditches 

See also abst. 761 

Anaerobic digestion 

765 HAAST, J. DE; BRITZ, T. J.; NOVEllO, J. C.; VERWEY, E. 
W. Anaerobic digestion of deproteinated cheese whey. Jour
nal of Dairy Research (1985) 52 (3) 457-467 [En, 25 ref.] Dep. 
of Dairy Sci., Univ. of Orange Free State, PO Box 339, Bloem
fontein 9300, South Africa. 

Whey and deproteinated whey preparations with different 
C/N ratios ranging from 7.5 to 73 were digested anaerobically 
in a downflow stationary fixed-bed reactor at 35°C with a 
hydraulic retention time of 5 days. Effluent and biogas parame
ters indicated that no decrease in digestion and stability 
occurred at the highest C/N ratio. Chemical oxygen demand 
(COD) removal averaged 88%, while volatile fatty acids were 
maintained at a low level ( <500 mgfl). Biogas yield averaged 
0.423 m3 jkg COD and the methane content of the biogas varied 
between 57 and 63%. Ammonia toxicity occurred at a CfN 
ratio of 7.5 in the substrate feed. Virtually no ammonia N was 
detected in the effluent when whey substrates with CfN ratios of 
50 or 73 were fed. Titration curves showed that buffer intensities 
in the effluent were not affected by a decrease in ammonia level. 
A decrease in the biomass content of the effluent which occurred 
as a result of the increase in C/N ratio of the substrate did not 
cause any rate limiting effect on biogas production. The removal 
of protein from the whey caused a reduction in the ratio of 
COD/total carbon in the whey. On average 59% of the C in the 
substrate was converted to biogas. 

766 ROBINSON, R. W.; ERDOS, G. W. lmmuno-electron 
microscopic identification of Methanosarcina spp. in anaerobic 
digester fluid. Canadian Journal of Microbiology (1985) 31 (9) 
839-844 [En, fr, 28 ref., 10 fig.] Dep. Microbial. Cell Sci., Univ. 
Florida, Gainesville, FL 32611, USA. 

Whole cell antibodies against M. mazei str. 86 were used 
with protein A-colloidal gold to identify bacteria in thin sections 
of samples from anaerobic methane producing digesters. It was 
possible to identify bacteria at the genus level and to show 
relatedness at the sp. and str. levels. Heavy labelling was 
observed on thin sections of the immunogenic str. S6. Lighter 
labelling was observed with pure cultures of M. mazei str. LYC. 
Pure cultures of Methanococcus voltae or Methanobaclerium 
thermoautotrophicum did not label. In samples from mesophilic 
sewage digesters, sarcina! colonies of bacteria similar to Metha
nosarcina showed heavy labellingfcell while colonies from 55°C 
digesters show lighter labelling. A few free cocci, which were 
released from the sarcina! colonies, also labelled. Labelling was 
not observed on other bacterial forms in either set of digesters. 



These studies indicate that a collection of bacterial antibodies 
can be used to identify and map bacteria in situ in mixed 
samples. 

767 GORRIS, L.; DRIFT, C. VAN DER; VOGELS, G. D. 
Cofactors of methanogenic bacteria in full-scale anaerobic reac· 
tors. [Abstract]. Antonie van Leeuwenhoek (1985) 51 (4) 453 
[En] Dep. Microbial., Nijmegen Univ., Toernooiveld, 6525 ED 
Nijmegen, Netherlands. 

The activity of methanogenic bacteria in anaerobic reac
tors can be studied using analysis of coenzyme F 420 and its 
derivatives. 

WASTE DISPOSAL (BIOLOGICAL 
ASPECTS) 

768 ROBERTSON, L. A.; KUENEN, J. G. Microbiological 
aspects of denitrifying, desulphurizing, waste water treatment. 
[Abstract]. Antonie van Leeuwenhoek (!985) 51 (4) 444-445 
[En, 2 ref.] Lab. Microbial., Delft Univ. Techno!., Julianalaan 
67A, 2628 BC Delft, Netherlands. 

The study of a dcsulphurizing, denitrifying reactor has 
shown that no obligate autotrophs were present and at least 30% 
of the population is mixotrophs. The dominant heterotroph is a 
str. of Klebsiella. Among the dominant mixotrophs is a new 
species, Thiosphaera pantotropha, which can grow autotrophi
cally, heterotrophically and m1xotrophically under hoth aerobic 
and anaerobic conditions. 

Land treatment and Irrigation 

769 SAULL, M. B.; MILLS, J.; DAVIS, B. The effectofputres
cible domestic waste separates on selected soil characteristics. 
International Biodeterioration (1985) 21 (3) 215-223 [En, 39 
ref., 5 fig., 3 tab.] Bioi. Section, Severn Trent Water Authority, 
Minworth Lab., Sutton Coldfield, Warks., UK. 

The biodegradation of domestic waste separates in soil at 
various dosage rates was followed over 18 months by assessing 
changes in ethanol/water solubles, organic carbon and nitrogen 
and the formation of humus substances. Biodegradation fol
lowed an exponential pattern, with rates decreasing over time. 
Higher ,dosage levels had a greter effect on the rate at which 
biodegradation occurred and the response appeared to be a 
quadratic one with rates decreasing at the highest dosage level 
(65 tonnes/hectare). The effect of the separates on certain soil 
parameters such as pH and water capacity was also followed 
together with an investigation into the release of zinc, lead, 
copper, cadmium and boron from the biodegrading refuse sepa
rates .into the receiving soil. 

Landfill 

770 GILL, T. Landfill gas -a fuel from waste for industry. 
Industrial Biotechnology (1985) 5 (3) 5 pp. [En, 5 fig.] NCB 
(Coal Products) Ltd., P.O. Box 16, Wingerworth, Chesterfield 
S42 6JT, United Kingdom. 

The production of gas from a landfill site in Essex is 
described. Generation of the gas (consisting of 60% methane 
and 40% carbon dioxide) can be controlled and even enhanced 
by new biological processes introduced to the landfill. Extrac
tion techniques enable the gas to be collected, compressed and 
utilised profitably. 

771 CAMPBELL, D. J. V. Landfill sites- design considera
tions. Industrial Biotechnology (1985/1986) 6 (I) 2 pp. [En] 
Harwell Lab., United Kingdom. 

The production of landfill gas is an inevitable consequence 
of the deposition and subsequent degradation of organically
based waste materials in landfill sites. However both the rates of 
gas production, and also the quality of the product, are unpre
dictable. This article seeks to provide landfill site opera
tors/owners with a range of options for managing their sites to 
ensure that maximum production and recovery of good quality 
(methane-rich) landfill gas is achieved. 
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772 FILIP, Z.; TROST, M. [Mineralization of refuse from 
medical consulting rooms and municipal refuse in a model land
fill.] Mineralisierung von Abfallen aus Arztpraxen und Haus
mlill in cincr Modelldeponie. Zentra/b/att fiir Bakterio/ogie 
Mikrobio/ogie und Hygiene, B (1985) 181 (6) 556-562 [De, en, 
15 ref., 3 fig., I tab.] Institut flir Wasser-, Boden- und 
Lufthygiene des Bundesgesundheitsamtes, D-6070 Langen, 
German Federal Republic. 

In a model landfill kept under aerobic conditions, refuse 
from medical consulting rooms showed a low rate of mineraliza
tion. A mixture of municipal and medical refuse showed a simi
lar mineralization rate to that of municipal refuse alone. Almost 
no mineralization occurred in all types of refuse disposed of in 
model landfills under nearly anaerobic conditions. 

Feedstuffs 

773 AFRIKYAN, E. K. [Some aspects of the microbiological 
production of food and feedstuffs.] Bio/ogicheskii Zhurnal 
Armenii (1984) 37 (10) 825-836 [Ru, en, lOref., 2 tab.] Institut 
Mikrobiologii AN Armyanskol SSR, USSR. 

The present state of the microbiological production of food 
and feedstuffs in various countries (including the USSR) is 
reviewed. The microbial production of feedstuffs on a large scale 
in Armenia is considered with regard to local resources and 
conditions. 

Biological upgrading to feedstuffs 

See also absts. 805, 811 

774 KIERSTAN, M.; CORCORAN, E. The use of immobilised 
cells of Kluyveromyces Jragi/is for the production of up-graded 
whey protein concentrates. Biotechnology Letters ( 1984) 6 (12) 
813-814 [En, 3 ref.] Kerry Co-op Ltd., Tralee, Co. Kerry, Irish 
Republic. 

Whey protein concentrate (WPC) had the following com
position before and after incubation, resp., of a 200 gfl solution 
with calcium alginate-immobilized Kluyveromyces fragilis for 
4 hat 28°C and pH 4: protein, 33.8% and 72%; fat, 2.8% and 
5.5%; lactose, 54.2% and 0%; and ash, 9.1% and 22.4%. 
Demineralization could result in a 93% protein product. 

Biological upgrading - other 

See also absts. 783, 812 

775 ANDERSON, T. M. (STAUFFER CHEMICAL Co.) Mycos
tatic whey and process of manufacture. United States Patent 
(1985) US 4 497 833 [En] 

An improved fermented whey having greater mycostatic 
activity is produced from the fermentation of whey with Pro
pionibacterium acidi-propionici NRRL B 3568. This species 
gives a higher content of propionic acid, the mycostatic agent, 
than did P. shermanii. The drted fermented whey can be used as 
a mycostatic agent in bread and other bakery goods, particu
larly in those claimed to be natural. 

776 LEE, H. K.; MADDOX, I. S. Microbial production of 2,3-
butanediol from whey permeate. Biotechnology Letters ( 1984) 6 
(12) 815-818 [En, 3 ref.] Biotech. Dep., Massey Univ., Palmer
stan North, New Zealand. 

When 4 organisms (Bacillus polymyxa, 2 strains of Enter
obacter cloacae and Klebsiella pneumoniae) were grown in a 
medium containing 50 g lactose, 5 g yeast extract and 2 g 
K2HP04/l, only K. pneumoniae NCIB 8017 produced reasona
ble amounts of 2,3-butanediol, max. yield being 4.5 gfl (0.24 
gfg lactose utilized) after 12 hat 30°C. When K. pneumoniae 
was grown in rennet whey permeate, a max. 2,3-butanediol 
concn. of 7.5 gfl (0.46 gfg lactose utilized) was obtained after 
96 hat 3o•c; ethanol and acetoin concn. were 0.3 and 1.1 g/1, 
resp. Corresponding yields when K. pneumoniae was grown in 
hydrolysed lactic acid casein whey permeate were 13.7 g 2,3-
butanediol (0.39 g/g sugar utilized), 0.2 g ethanol and l.l g 
acetoin/!. It is suggested that lactose utilization may be a limit
ing factor in the fermentation process. 
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MUNICIPAL WASTES 

See also absts. 760, 769 

Solid wastes 

See also abst. 772 

777 STROM, P. F. Effect of temperature on bacterial species 
diversity in thermophilic solid-waste composting. Applied and 
Environmental Microbiology (1985) SO (4) 899-905 [En, 42 
ref., l fig., 5 tab.] Dep. Environmental Sci., Cook Coli., Rutgers 
Univ., New Brunswick, NJ 08903, USA. 

Continuously thermophilic composting was examined with 
a 4.5 litre reactor placed m an incubator maintained at repre
sentative temperatures. Feed was a mixture of dried table scraps 
and shredded newspaper wetted to 55% moisture. One run at 
49°C (run A) employed a 1:4 feed-to-compost ratio, while the 
other runs used a 10:1 ratio and were incubated at 50, 55, 60 or 
65°C. Due to self-heating, internal temperatures of the com
posting mass were 0 to 7°C hotter than the incubator. Two full
scale composting plants (in USA and England) were also 
examined. Fifteen taxa were isolated, including 10 of genus 
Bacillus. which dominated all samples except that from run A. 
Species diversity decreased markedly in laboratory composting 
at 60°C and above, but was similar for the three runs incubated 
at 49, 50 and 55°C. The maximum desirable composting tem
perature based on species diversity is thus 60°C, the same as 
that previously recommended based on measures of the rate of 
decomposition. 

778 STROM, P. F. Identification of thermophilic bacterin in 
solid-waste composting. Applied and Environmental Microbi
ology (1985) SO (4) 906-913 [En, 84 ref., 2 tab.) Dep. Environ
ment Sci., Cook Coli., Rutgers Univ., New Brunswick, NJ 
08903, USA. 

The thermophilic microbiota of solid-waste composting, 
with major emphasis on Bacillus spp., was examined with Tryp
ticase soy broth with 2% agar as the initial plating medium. Five 
4.5 litre laboratory units at 49 to 69°C were fed a mixture of 
dried table scraps and shredded newspaper. Two composting 
plants treating refuse in the USA and England were also sam
pled. Of 652 randomly picked colonies, 87% were identified as 
Bacillus spp. About 15% of the Bacillus isolates could be 
assigned to species only by allowing for greater variability in one 
or more characteristics than has been reported by other authors 
for their strains. In particular, growth at higher temperatures 
than previously reported was found for strains of several species. 
A small number of Bacillus isolates (less than 2%) could not be 
assigned to any recognised species. 

Liquid wastes 

See also abst. 763 

AGRICULTURAL WASTES 

See also abst. 785 

Cattle waste 

779 HOUWAARD, F.; SCHOLTEN-KOERSELMAN, H. J.; GOOL, 
A. VAN; JANSSEN, P. Polysaccharo!ytic bacteria from fer
menting cattle manure. Antonie van Leeuwenhoek (1985) 51 
(4) 456 [En, I ref.] Lab. Microbiol., Agric. Univ. Wageningen, 
Hesselink van Suchtelenweg 4, 6703 CT Wageningen, 
Netherlands. 

The role of (hemi)-cellulolytic bacteria in the degradation 
of plant cell walls during the methanogenic fermentation of 
cattle manure was investigated. Bacteria were enriched and 
isolated on a basal medium containing filter paper or xylan as 
sole carbon and energy source. A variety of anaerobic, Gram 
negative, spore-forming bacteria were obtained in pure culture. 
Most of the isolates were able to grow on cellulose or xylan. 
Some of the isolates could use fibres from manure as growth 
substrate, degrading about 20% of the untreated fibre material. 
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This amount could be increased to about 50% by ball milling the 
fibres. 

SPECIFIC WASTE MATERIALS 

780 ZAITSEV, G. M.; KARASEVICH, Yu. N. (Utilization of2-
chlorobenzoic acid by Pseudomonas ceracia.] Mikrobiologiya 
(1984) 53 (I) 75-80 [Ru, en, 15 ref., 15 fig., I tab.) lnst. 
Mikrobiologii, AN SSSR, USSR. 

The use of 2-chlorobenzoic acid (2-CBA) as a nutrient for 
P. ceracia was investigated. The bacteria grew better in the 
presence of riboflavin, but was inhibited by nicotinic acid. Possi
ble pathways for the breakdown of 2-CBA, first to cis, cis
muconic acid, then to 3-ketoadipic acid are discussed. 

781 KARASEVICH, Yu. N.; ZAITSEV, G. M. [Utilization of 4-
chlorobenzoic and 2,4-dichlorobenzoic acids by a mixed culture 
of microorganisms.) Mikrobio/ogiya (1984) 53 (3) 374-380 
[Ru, en, 19 ref., 4 fig., 2 tab.) lnst. Mikrobiologii, AN SSSR, 
Moscow, USSR. 

From a·n enrichment culture from soil samples, pure cul
tures of Pseudomonas putida and Corynebacterium 
sepedonicum were obtained. These 2 bacteria in association 
utilized 4-chlorobenzoic acid and 2,4-dichlorobenzoic acid as 
sole source of hydrocarbons and energy, and liberated 100% of 
the theoretically possible chlorine in the process. However, P. 
putida on its own was unable to metabolize either acid, while C. 
sepedonicum on its own metabolized them incompletely, 
accumulating 4-hydroxybenzoic acid and protocatechuic acid'in 
the medium. These were utilized by P. put ida. The two bacteria 
were synergistic in the further sense, that C. sepedonicum was 
unable to grow on its own without added vitamins, unless it was 
in association with P. putida. 

Cellulosic wastes 

See also absts. 8/5-819 

782 SADANA, J. C.; PATIL, R. V. The purification and 
properties of cellobiose dehydrogenase from Sclerotium ro/fsii 
and its role in cellulolysis. Journal of General Microbiology 
(1985) 131 (8) 1917-1923 [En, 34 ref., I fig., 3 tab.) Biochem. 
Div., Natn. Chemical Lab., Poena 411008, India. 

The enzyme, purified from culture filtrates of S. ro/fsii, is 
homogeneous as determined by disc gel electrophoresis, with 
and without SDS, and by analytical isoe!ectric focusing in ~ly
acrylamide gel. It is a single-subunit glycoprotein contaming 
8.9% total carbohydrate; its M, is 63 000-64 000 and isoelectric 
point 5.18. The enzyme oxidized cellobiose, other cellodextrins 
and lactose whereas other disaccharides tested were not utilized 
as substrates. The rate of cellodextrin oxidation decreased and 
the Km increased with increasing degree of polymerization of the 
substrate. Cytochrome c was reduced though at a considerably 
lower rate than 2,6-dichlorophenolindophenol. The natural elec
tron acceptor for the enzyme was not identified. 

783 EGOROVA, L. A.; DUL'TSEVA, N. M.; PANOVA, V. F.; 
POYARKOVA, G. S.; GRIGOROV, N.J. [Metabolites produced by 
a mixed culture of anaerobic thermophilic cellulose bacteria.] 
Mikrobio/ogiya (1984) 53 (4) 559-562 [Ru,en,16 ref., 2 fig., I 
tab.) Inst. Mikrobiologii AN SSR, g. Moskva, USSR. 

A mixed culture of facultatively anaerobic, obligatorily 
thermophilic spore-forming bacilli, including Clostridium 
thermocellum and C. thermohydrosu/furicum, isolated from 
Buryat hot springs, was grown in a simple medium, containing 
2% filter paper as a source of cellulose. Up to 0.85-1% of ethanol 
was evolved in the culture fluid, following anaerobic incubation 
under a water seal. Formic, acetic, propionic and butyric acids, 
and COJ and H2 were also evolved. Ethanol was likewise pro
duced when other sources of cellulose (malt sprouts, beet pulp or 
newsprint) were used. 

784 IVANOV A, I. I. [Growth and cellulase biosynthesis by 
Aspergillus terreus.] Mikrobiologiya (1984) 53 (4) 615-620 
[Ru, en, 14 ref., 3 fig., I tab.) Inst. Mikrobiologii, AN SSR, g. 
Moskva, USSR. 

Cellulase production by A. terreus can be affected by the 
"inductor", i.e. the type of cellulose present in the growth 



medium. Accordingly A. terreus p 17 was grown in media con
taining malt sprouts~ conifer sawdust (mechanically produced, 
with or without subsquent phosphoric acid treatment) or micro
crystalline cellulose. The cellulase activity in the supernatant 
was assessed by the production of reducing sugars from filter 
paper. The protease and xylenase activity were also measured, 
and mycelia grown were examined microscopically. The myce
lia of A. terreus grown in the presence of malt sprouts were short 
with much branching, while those grown in microcrystalline 
cellulose were slender, longer and more uniform. The 
endogluconase and cellobiase activity, and the digestion of filter 
paper, were much the strongest in cultures grown with micro
crystalline cellulose. 

785 Straw Research. In Annual Report of the Agricultural 
and Food Research Council 1984-1985. (1985) 42-51 [En, 12 
fig.] 

The topics studied included straw disposal and the carry
over of crop pests and diseases at Long Ashton; rapid counting 
of cellulose-decomposing microbes at the Rowett Res. Inst.; a 

. microbial kit to degrade straw at the Glasshouse Crops Res. 
Inst., and the ultrastructure and digestion of barley-straw cell 
walls at the Hannah Res. Inst. 

786 MONTIES, B. [Lignin biodegradation: experimental evi
dence, molecular, biochemical and physiological mechanisms.] 
Biodegradation des lignines: mises en evidence, mecanismes 
molCculaire, biochimique et physiologique. European Journal 
of Forest Pathology (1985) 15 (5/6) 308·316 [Fr, en, de, 94 
ref.] Lab. Chimie Bioi. (JNRA), lnst. Nat. Agron. Paris-Gri
gnon, Thiverval-Grignon, France. 

A critical review of English, French and some German 
language literature, mainly from 1983 onwards. It examines 
experimental evidence on the behaviour as barriers to 
biodegradation of lignins and phenolic polymers such as tannins 
and suberins. The different molecular mechanisms of lignolysis 
by fungi (mainly), actinomycetes and bacteria are examined. A 
new biochemical approach to the physiological mechanism of 
regulation of lignolytic activities is suggested based on the dis
coveries of lignolytic enzymes: effects of nitrogen, oxygen and 
substrate are discussed. It is concluded that a better knowledge 
of the structure and reactivity of phenolic barriers is needed in 
order to control the process of lignolysis. 

787 TIMAKOVA, T. M.; ROMANENKO, V. I. [Cellulose
decomposing bacteria and their capacity to decompose cellulose 
in the Karelian Lakes.\ Mikrobioloq_iya (1984) 53 (I) 142-148 
[Ru, en, 13 ref., 6 tab. Inst. Biolog1i Vnutrennikh Vod, USSR. 

The incidence of such bacteria was studied in 4 Karelian 
lakes in midsummer. The capacity of the bacterial isolates to 
decompose filter paper was estimated, using Winkler's reaction 
to measure the oxygen used, and also using C14 to estimate the 
C02 evolved. The greatest cellulose-decomposing activity was 
found in lake water near wood-processing plants, at points with 
a temperature gradient and on the surface of water plants. 

788 FUKUMORI, F.; KUDO, T.; HORIKOSHI, K. Purification 
and properties of a cellulase from alkalophilic Bacillus sp. no. 
1139. Journal of General Microbiology (1985) 131 (12) 3339-
3345 [En, 21 ref., 2 fig., 5 tab.] The Riken Inst., Wako-shi, 
Saitama-Ken 351·01, Japan. 

The bacterium produced a carboxymethyl cellulase 
(CMCase). The production of enzyme was strongly inhibited by 
the addition of glucose. After purification the enyzme gave a 
single band of protein on PAGE. The enzyme hydrolysed 
carboxymethylcellulose with an optimum at pH 9.0 and a Km of 
0.48 mgfml; no activity was observed at pH 6.0. The enzyme 
had a molecular weight (SDS-PAGE) of 92000 and an isoelec
tric point of 3.1. The maximum degree of hydrolysis of carbox
ymethylcellulose was about 30% and trans·glucosidase activity 
was also observed. 

789 BIELY, P. Microbial xylanolytic systems. Trends in 
Biotechnology (1985) 3 (II) 286-290 [En, 45 ref., 3 fig., I tab.] 
Slovak Acad. Sci., 842 38 Bratislava, Czechoslovakia. 

Microorganisms metabolizing xylan as a carbon source, 
and the enzyme systems they employ for its breakdown, may 
become important tools in elaborating economically and ecolog
ically beneficial processes for using the second most abundant 
renewable polysaccharide. Critical factors in converting xylan 
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into useful products with xylanolytic enzyme systems are 
considered. 

790 YU, E. K. C.; DESCHATELETS, L.; LOUIS·SEIZE, G.; SAD· 
DLER, J. N. Butanediol production from cellulose and hemicel
lulose by Klebsiella pneumoniae grown in sequential coculture 
with Trichoderma har;.ianum. Applied and Environmental 
Microbiology (1985) 50 (4) 924-929 [En, 24 ref., 4 fig., 5 tab.] 
Biotechnol. Chern. Dep., Forintek Canada Corp., Ottawa, Ont. 
KIG 3Z5, Canada. . 

The bioconversion of cellulose and hemicellulose substrates 
to 2,3-butanediol by a sequential coculture approach was inves
tigated with the cellulolytic fungus T. harzianum and the fer
mentative bacterium K. pneumoniae. Vogel medium optimal for 
the production of the cellulolytic and xylanolytic enzymes of the 
fungus was found to be inhibitory to butanediol fermentation. 
This inhibition appeared to be due to a synergistic effect of 
various ingredients, particularly the salts, present in the fungal 
medium. The removal or replacement of such ingredients from 
Vogel medium led to the reHef of fermentation inhibition, but 
the treatment also resulted in a significant decrease in fungal 
enzyme production. Resting cells of K. pneumoniae could be 
used for butanediol production in the fungal medium, indicating 
that the inhibitory effect on solvent producion under such condi
tions was due to the indirect result of growth inhibition of the 
bacterial cells. 

791 BENNER, R.; HODSON, R. E. Thermophilic anaerobic 
biodegradation of [14C]lignin, [14C]cellulose, and 
[14C]Iignocellulose preparations. Applied and Environmental 
Microbiology (1985) 50 (4) 971-976 [En, 34 ref., 2 fig., 2 tab.] 
Dep. Microbiol., Inst. Ecology, Univ. Georgia, Athens, GA 
30602, USA. 

Thermophilic (55°C) anaerobic enrichment cultures were 
incubated with "C-Ia belled lignin, cellulose, and lignocellulose. 
Significant but low percentages (2 to 4%) of synthetic and natu
ral pine lignin were recovered as labelled methane and carbon 
dioxide during 60-day incubations, whereas much greater per
centages (13 to 23%) of Kraft lignin were recovered as gaseous 
end products. The results overall indicated that elevated tem
peratures can greatly enhance rates of anaerobic degradation of 
lignin and lignified substrates to methane and low molecular 
weight aromatic compounds. 

792 GRBit-GAut, D. Fermentative and oxidative transfor
mation of ferulate by a facultatively anaerobic bacterium iso
lated from sewage sludge. Applied and Environmental 
Microbiology (1985) 50 (4) 1052-1057 [En, 26 ref., 4 fig.] Dep. 
Civil Engineering, Stanford Univ., Stanford, CA 94305, USA. 

The bacterium was isolated from methanogenic consortia 
degrading 3-methoxy-4·hydroxycinnanate (ferulatc). (Methox
ylate aromatic compounds are released during the aerobic cat
abolism of lignin). The isolated bacterium transformed ferulate 
under anaerobic and aerobic conditions. The pure culture has 
been tentatively assigned to the genus Enterobacter with the 
type strain DG-6. Tentative pathways for both fermentative and 
oxidative degradation of ferulate are now proposed. 

793 LEE, S. F.; FORSBERG, C. W.; GIBBINS, L. N. Xyla
nolytic activity of Clostridium acetobutylicum. Applied and 
Environmental Microbiology (1985) 50 (4) 1068-1076 [En, 37 
ref., 7 fig., 5 tab.] Dep. Microbiol., Univ. Guelph, Guelph, Ont., 
Canada NIG 2Wl. 

Of 20 strs. of C. spp. screened, 17 hydrolysed larch wood 
xylan. Two strs. of C. acetobutylicum hydrolysed xylan but 
failed to grow on solid media with larch xylan as the sole carbon 
source; however one of these was subsequently found to grow on 
xylan under specified conditions in chemostat. These two strs. 
possessed cellulolytic activity and were selected for further stud
Ies. The xylanolytic enzymes of C. acetobutylicum were capable 
of degradmg in vitro, 12% of the larch xylan in a 24-h hydrolysis 
period. The resistance of xylan to degradation by the enzymes 
may be attributable to end product inhibition or the structure of 
xylan itself or both rather than to the instability of the enzymes, 
since the addition of fresh enzymes near the end of hydrolysis 
did not increase the extent of degradation significantly. 
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794 NIGAM, J. N.; MARGARITIS, A.; LACHANCE, M.A. Aer
obic fermentation of D-xylose to ethanol by C/avispora sp. 
Applied and Environmental Microbiology (1985) 50 (4) 763-
766 [En, 19 ref., 3 fig., 3 tab.] Chern. Biochem. Engineering, 
Fac. Engineering Sci., Univ. Western Ontario, London, Ont., 
Canada N6A 587. 

Eleven strs. of an undescribed species of Clavispora fer
mented D-xylose directly to ethanol under aerobic conditions. 
Str. UWO(PS)83·877-l was grown in a medium containing 2% 
o-xylose and 0.5% yeast extract, and the following results were 
obtained: ethanol y1eld coefficient (ethanolfD·xylose), 0.29 gfg; 
cell yield coefficient (dry biomass/D-xylose), 0.25 gfg; max. 
ethanol cocn, 5.9 gjlitre: max. volumetric ethanol productivity, 
0.11 gflitre h-1. With initial D-xylose concn of 40, 60, and 80 
g/litre, max. ethanol concn of 8.8, 10.9 and 9.8 gflitre were 
obtained, respectively. Ethanol was found to inhibit the fermen
tation of o-xylose more than the fermentation of glucose. The 
performance of this yeast compared favourably with that 
reported for some other o-xylose-fermenting yeasts. 

Metals 

795 KARAVAIKO, G. I. Microbiological processes for the 
leaching of metals from ores. [Review]. Moscow, USSR; 
UNEP (1985) 69 pp. [En, 225 ref., 13 tab.] 

The role of microorganisms in the oxidation of sulphide 
minerals and leaching of metals from ores and concentrates, and 
the factors underlying the kinetics of the above processes, as 
well as technical, technological, economic and environmental 
aspects of the biogeotechnology of metals are reviewed. 

796 LORENZ, M.G.; KRUMBEIN, W. E. lnftuence of leach
ing parameters on the biological removal of uranium from coal by 
a filamentous cyanobacterium. Applied and Environmental 
Microbiolo!fy (1985) 50 (5) 1296·1300 [En, 18 ref., 2 fig., 4 
tab.] Geom1crobiol. Div., Univ. Oldenburg, D-2900 Oldenburg, 
German Federal Republic. 

Axenic cultures of the filamentous cyanobacterium LPP 
OL3 were incubated with samples of uranium-bearing coal from 
a German mining area. The influence of leaching parameters 
such as coal concentration (pulp density), initial biomass, parti
cle size, temperature and composition of the growth medium on 
the leaching of uranium from the ore by the cyanobacterial 
strain were studied. It was found that the variations in leaching 
parameters were different from reactions of acidic leaching 
organisms. 

Hydrocarbons, Petroleum 

797 KOCHETKOV, V. V.; BORONIN, A. M. [A comparative 
study of plasmids controlling naphthalene biodegradation by 
Pseudomonas bacteria.J Mikrobio/ogiya (1984) 53 (4) 639-644 
[Ru, en, 15 ref., 4 tab.]Inst. Biokhimii i Fisiologii Mikroorgan
ismov AN SSR, g. Pushchino, RSFSR. 

From soil samples, 25 strs. of Pseudomonas (12 P. putida, 
7 P.f/uorescens, and the remaining 6 unidentified, though allied 
toP. putida), were grown with naphthalene as the only source of 
carbon. Of these sirs., 14 were shown to transfer the ability to 
catabolise naphthalene to one or both of two resistant strs., 
through conjugative plasmids. These plasmids were of high 
molecular weight; 5 were shown to belong to incompatibility 
group P.7, and 5 10 P.9. An incompatibility group could not be 
determined for the other 4. Only 2 of the plasmids controlled 
naphthalene oxidation through the ortho pathway, involving 
catechol cleavage, while 7 controlled the meta pathway, through 
salicylate, as is more usual. 

798 GORLATOV, S. N.; BELYAEV, S. S. [Aerobic microftora 
of an oil deposit, and its ability to destroy oil.] Mikrobiologiya 
(1984) 53 (3) 843-849 [Ru, en, 14 ref., 2 iig., 2 tab.] 1nst. 
Biokhimii i Fisiologii Mikroorganismov, AN SSSR, Pushchino, 
USSR. 

Saprophytic and carbohydrate-oxidising bacteria including 
Mycococcus, Mycobacterium, Micrococcus, Bacillus. 
A lea/ignes, Acetobacter and Pseudomonas, but chiefly to the 
first two, were isolated from samples of crude oil from an oil
field. Of 11 isolates studied, only 5 were capable of catabolizing 
oil, as shown by their ·dispersal of an oil film. However, the 
remaining isolates, especially B. subtilis, did utilize short-chain 
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fatty acids. This was particularly the case with acetate, a main 
product of the breakdown of oil. Under anaeraobic conditions, 
about the same quantity of acetate was present as under aerobic 
conditions, but much more ethanol was produced. It is suggested 
that the pumping of fresh water into the oil-bearing strata to 
extract oil tends to produce the conditions of oxygen supply 
necessary for the further breakdown of methanol, ethanol and 
volatile fatty acids produced when oil is broken down by hydro
carbon-oxidising bacteria. 

Detergents 

799 RIGBY, D. J.; DODGSON, K. S.; WHITE G. F. Utilization 
of primary and secondary alcohols by the detergent-degrading 
bacterium Pseudomonas C12B. Journal of General Microbi
ology (1986) 132 (I) 35·42 [En, 18 ref., 4 fig.] Dep. Biochem., 
Univ. Coli., P.O. Box 78, Cardiff CFI I XL, United Kingdom. 

The capacity of P. Cl2B to grow on, and oxidize, a range of 
primary and secondary alcohols of chain lengths from c2: to c,6 
was examined. The organism was able to grow on most primary 
alcohols tested, and especially well en the C 10-C 12 homologues. 
Of several secondary alcohols, C 11-C 13 homologues of alkan-2-
ols supported good growth, as did some long-chain symmetrical 
or near symmetrical alcohols. There was constitutive synthesis 
of primary and alkan-2-ol dehydrogenase activities, enabling 
the organism to oxidize primary alcohols and alkan-2-ols up to 
at least Cu. Experiments with resolved o- and L-octan-2-ols 
suggested that the constitutive alkan-2-ol dehydrogenase activ
ity was specific for o-isomers. Growth on secondary alcohols 
induced synthesis of L-akan-.2·ol dehydrogenase(s) and also 
greatly increased the capacity of extracts to oxidize racemic 
alkan-2·ols in the range C6-C 11 • An enzyme with high activity 
towards symmetrical alcohols was also induced by growth on 
secondary (especially symmetrical) alcohols. Collectively, lhe 
various alcohol dehydrogenase activities detected would enable 
P. C 128 oxidize all the alcohols liberated from mixed alkyl 
sulphate detergents by the organism's complement of 2 primary 
and 3 secondary alkylsulphatascs. 

PHENOLS 

See also abst. 762 

800 MOLIN, G.; NILSSON, I. Degradation of phenol by 
Pseudomonas putida ATCC 11172 in continuous culture at dif
ferent ratios of biofilm surface to culture volume. Applied and 
Environmental Microbiology (1985) 50 (4) 946·950 [En, 28 
ref., 4 fig., 2 lab.] Swedish Meat Res. Inst., S-244 00 Kiivlinge, 
Sweden. 

The biofilm did not significantly affect the maximal sus
pended cell concentration in the effluent but it increased the 
maximal phenol reduction rate. The increase in phenol reduc
tion rate was linear up to the surface area/volume ratio of 1.4 
cm2/ml. The continuous cultures with biofilms could tolerate a 
higher phenol concentration of the medium (3.0 gflitrc) than 
the nonbiofilm syslem (2.5 g/litre). At higher dilutiOn rates an 
intermediate product, 2-hydroxymuconic semialdchyde, accu
mulated in the culture. When the biomass of the effluent started 
to decrease, the concentration of 2-hydroxymuconic semi
aldehyde reached a peak value. It is concluded that biofilms in 
continuous culture have the potential to enhance the aerobic 
degradation of aromatic compounds. 

ALCOHOLS 

801 KRAUZOVA, v. 1.; KOMAROVA, G. N.; IL'CHENKO, A. P.; 
GULEVSKAYA, S. A. [Oxidation of alchols by Candida gui/
/iermondii grown on hexadecanol.] Mikrobiologiya (1984) 53 
(4) 621-627 [Ru, en, 17 ref., 3 fig. (I electron micrograph), 1 
tab.]lnst. Biokhimii i Fiziologii Mikroorganizmov AN SSR, g. 
Pushchino, RSFSR. 

C. guilliermondii grown in the presence of hexadecanol 
showed by electron microscopy many "canaliculi" in the cell 
walls, which appeared to communicate between the cell surface 
and the plasmalemma. These cells also showed well·developed 
mitochondrial apparatus. They, and their mitochondrial and 



microsomal apparatuses, were found to oxidise alcohols with 
carbon chains of c,-c, more quickly than c. guilliermondii 
grown with hexadecane, but those with longer chains (C10-C1p) 
rather more slowly. The oxidase system of the cells grown m 
hexadeconaol was not inhibited by benzhydroxamic acid or 
triazol, i.e. inhibitors of the main phosphorylating respiratory 
chain. The mitochondrial and microsomal fractions of the hex
adecanol-grown cells showed high alcohol- and aldehyde
dehydrogenase activity. The oxidation of higher alcohols by 
entire cells was completely inhibited by azide, which apparently 
inhibited the transport of alcohols into the cells. 

MERCURY COMPOUNDS 

802 AIKING, H.; GOVERS, H.; RIET, J. VAN'T Detoxification 
of mercury, cadmium, and lead in Klebsiella aerogenes NCfC 
418 growing in continuous culture. Applied and Environmental 
Microbiology (1985) 50 (5) 1262-1267 [En, 29 ref., 4 fig., 3 
tab.] Instituut voor Milieuvraagstukken, Vrije Univ., 1007 MC 
Amsterdam, Netherlands. 

Klebsiella aero genes growing in the presence of cadmium 
under glucose-, sulphate-, or phosphate-limited conditions in 
continuous culture exhibited sulphide formation and Pi accumu
lation as the only demonstrable detoxification mechanisms. In 
the presence of mercury under similar conditions only HgS 
formation could be confirmed, by an increased sensitivity to 
mercury under sulphate-limited conditions, among other. This 
led to the hypothesis that these inorganic detoxification mechaw 
nisms generally depended on a kind of'facilitated precipitation'. 
Mercury was more toxic than cadmium to this organism, 
depending on the growth-limiting nutrient. In the presence of 
lead, PbS formation was suggested. It is concluded that forma· 
tion of heavy metal precipitates is crucially important to this 
organism. 

NITROGEN 

803 ROBERTSON, L. A.; KUENEN, J. G.; KLEIJNTJENS, R. 
Aerobic denitrification and heterotrophic nitrification by Thi· 
osphaera pantotroplra. {Abstract}. Antonie van Leeuwenhoek 
(1985) 51 (4) 445 [En, I ref.] Lab. Microbiol., Delft Univ. 
Techno!., Julianalaan 67 A, 2628 BC Delft, Netherlands. 

It was found that T. pantotropha, a new sp. isolated from a 
denitrifying, sulphide-oxtdizing wastewater treatment plant, is 
capable of active denitrification in the presence of substantial 
amounts of oxygen. 

PHOSPHORUS 

804 BABENKO, YU. S.; TYRYGINA, G. 1.; GRIGORYEV, E. F.; 
DOLGIKH, L. M.; BORISOVA, T. I. (Biological activity and 
biochemical properties of bacteria dissolving phosphates.] 
Mikrobiologiya (1984) 53 (4) 533-539 [Ru, en, 17 ref., 2 fig., 5 
tab.] Dnepropetrovskii Universitet, USSR. 

Phosphorus, bound in insoluble phosphates, may not be 
readily available to plants; but certain bacteria may liberate the 
phosphorus, by excretion of acid. Preliminary studies of 373 
Gram-negative bacteria and 17 strs. of yeast from 200 soil and 
35 seawwater samples, plated out in phosphate-containing 
media, showed the development of clear zones round the colow 
nies in some cases. P was more readily available from 
Mn1(P04), than from Ca3(P04)1 or from AIP04, and scarcely 
available at all from FeP04• In lurther studies on 164 of these 
isolates shown to be active in releasing P, carried out in liquid 
meidum, those with the highest activity were shown to produce 
the lowest pH. The bacteria were classified by their morphologi· 
cal and biOchemical properties, as belonging to the Enter
obacteriaceae, including Escherichia, Enterobacter, Klebsiella, 
Serratia and Erwinia spp. An isolate identified as E. carotovora 
var. carotovora was particularly effective in mobilizing labile 
pho~J?hate from manganese ores, and in liberating P from 
fertl11zers. 
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LEAD 

See also abst. 802 

SPECIFIC INDUSTRIES 

Food industry 

805 SESHADRI, R.; NAGALAKSIIMI, S.; RAO, J. M.; 
NATARAJAN, C. P. Utilization of by-products of the tea plant: 
a review. Tropical Agriculture (1986) 63 (I) 2-6 [En, es, 44 
ref.]. Central Food Technological Research Institute, Mysore 
570 013, India. 

It has been estimated that 2~4% of black tea produced is 
waste which cannot be processed for human consumption. 
Under Indian conditions this may amount to 10 000 t/year. The 
various by~products reviewed are as follows: caffeine; polyphew 
nols and pigments; phenolic materials as extenders in polymers; 
organic fertilizer; animal feedstuffs: tobacco substitutes: foamw 
ing agents; the plant growth regulator triacontanol; carbohyw 
drates for fermentation products; seed oil and saponins: and 
pentosan for furfural production. 

806 BASSAM, 8. A.; TAWFIK, K. A. Production of baker's 
yeast on wbeat bran. Annals of Agricultural Science, 
Moshtohor (1984) 22 (1) 271-279 [En, ar, II ref., 6 tab.] Bioi. 
Sci. Dep., Fac. Sci., King Abdul-Aziz Univ., Jeddah, Saudi 
Arabia. 

The possible utilization of wheat bran as a cheap substrate 
rich in carbohydrates for the production of Saccharomyces cer
evisiae was investigated. Complete hydrolysis of the bran was 
obtained through heating with 0.2% sulphuric acid, S:L ratio 
1:20 at 121 oc (15 p.s.i.) for 60 min. This opt. level revealed 
84.3% conversion value. The best yeast yield was obtained under 
the following conditions: (I) hydrolysate diluted to contain 20 
gflitre reducing sugar (as glucose); (2) pH adjusted to 5.0; (3) 
propagation carried out at 30° for 48 h; and (4) N source added 
as ammonium phosphate at 3 gflitre. 

807 TAUK, S. M. [Eifect of the addition of nitrogen and 
phosphorus on the growth of Candida uti/is in colfee pulp juice.] 
Efeito da adiciio de nitrogCnio e f6sforo no crescimento de 
Candida uti/is em suco de polpa de cafe. Revista de Microbio
logica (1985) 16 (3) 188-194 [Pt, en, 24 ref., 4 fig., 1 tab.] Dep. 
Ecol., lnst. de Biociencias UNESP, Caixa Postal 178, 13500 
Rio Claro SP, Brazil. 

A liquid rich in sugars and nitrogen is derived from residu
als after coffee pulp is pressed and composted for use as an 
organic fertilizer. The liquid from coffee pulp was used as a 
culture medium for C. uti/is (characteristics: 5 g/1 of sugar; pH 
4.5). Nutrients were provided by the addition of ammonium 
sulphate as a nitrogen source, and phosphoric acid as a phosw 
phorus source. These cultures were performed under constant 
conditions of 30°C; 1 p.p.v. aeration; agitation at 250 r.p.m. and 
inoculation at 15%. 

Fermentation industry 

808 FERRAZ, C. A. M.; AQUARONE, E.; FLORENZANO, G.; 
BALLONI, W.; TREDICI, M. fUtilization of by-products from 
alcoholic fermentation industry to biomass production of Spiru· 
Una m'axima. Part 1 - Use of the alcoholic fermentation gas.] 
Utilazacao de sub-produtos da indUstria alcooleira na obtena
c3.o de biomass a de Spiru/ina maxima. Parte I - Emprego do 
anidrido carbOnico. Revista de Microbiologic• (1985) 16 (3) 
179-187 [Pt, en, II ref., 8 fig., I tab.] Dep. Tecnol. Bioquimico
Farmaceutica, Faculdade de Ciencias Farmaceuticas USP, 
Caixa Postal 30786, 01051 Sao Paulo SP, Brazil. 

The productivity of the S. maxima cultures that received 
the analysed gas was 0.74 g-2h-1, higher than the control culw 
lures, these showed 0.56 g-2h- 1• The protein content of the 
biomass was higher and more homogeneous than the control 
(respectively 68.1-58.6% and 67.9-43.9%). There was an 
increase in the carbohydrates content in control cultures, but the 
ash and lipids did not change significantly during 700 hours of 
growth. 
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Dairies 

See also absts. 765. 774-776 

809 DECLEIRE, M.; HUYHN, N. VAN; MOTTE, J. C. Hydrol
ysis of lactose solutions and wheys by whole cells of Klu)'l'ero
myces bulgaricus. Applied Microbiol0$)1 and Biotechnology 
(1985) 21 (1/2) 103-107 [En, 7 ref.] Ins!. de Recherches 
Chimiques, 5 Museumlaan, B-1980 Tervuren, Belgium. 

Km values for the hydrolysis of lactose by whole cells of 
Kluyveromyces bu/garicus and by cell-free extracts were 59 and 
32 mM, resp. Optimum hydrolysis was at 48"C; whey and a 10% 
lactose solution in 20 mM phosphate buffer (pH 7) were 80% 
hydrolysed in 9.5 and 3.5 min, resp., by yeast cells (approx. 15 
mgfml) at 48"C. Protein concn. in whey had no significant 
effect on lactose hydrolysis. In whey permeate containing 6 mg 
protein/ 100 ml, 80% lactose hydrolysis was achieved with whole 
cells reused up to 8 times; in lactose-phosphate buffer the fl-o
galactosidase activity of reused whole cells decreased rapidly. 
Addition of 0.5 mM dithioerithritol improved the possibility of 
reusing the whole cells, but after 8 repeated cycles only 30% 
hydrolysis was achieved. 

810 BODIE, E. A.; SCHWARTZ, R. D.; ANDERSON, T. M. 
(USA) (STAUFFER CHEMICAL CO.) Improved fermentation pro
cess. European Patent Application (1985) EP 0 141 642 AI 
[En] 

An improved process for manufacture of fermented whey 
having a htgh concentration of propionic acid is disclosed in 
which the whey medium, contaming preferably 6-12% dried 
whey and 0.5-1.5% yeast extract, is sterilized at 121 "C for 15 
min or by direct steam injection for 4-20 s. The sterilized whey 
medium is then inoculated with mixed culture of a propionic 
acid bacteria (e.g. Propionibacterium shermanii ATCC 39393) 
and a lactic acid bacteria (e.g. Lactobacillus casei ATCC 
39392) and incubated for long enough to maximize the fermen
tation, with yields of t:p to 3% propionibacteria. The lactobacilli 
overcome the inhibition of the propionibacteria in sterilized 
whey. The high propionic acid content is useful as a mycostatic 
agent when the fermented whey is used in bakery goods. 

Sugar refineries 

See also abst. 818 

811 AL-ANI, F.; SMITH, J. E. Effect of different nitrogen 
supplementations on fermentation of bagasse by Sporotrichum 
pulverulentum wild type and mutants. Transactions of the Brit
ish Mycological Society (1986) 86 (I) 165-168 [En, 12 ref., 2 
tab.] Dep. Bioscience and Biotechnology, Applied Microbiol. 
Div., Univ. Strathclyde, Glasgow Gl IXW, United Kingdom. 

Supplementation of bagasse with peptone and malt extract, 
followed by fermentation by S. pulverulentum wild type, 
increased the in vitro digestibility of bagasse from 27 to 36 and 
39%, respectively. Yeast extract and simple nitrogen sources, 
e.g. NH4N03, NH4Cl and asparagine, reduced the in vitro 
digestibility of bagasse below the untreated control value. With 
all the above nitrogen sources, the mutants 44-2 and 63-2 of S. 
pulverulentum also reduced the digestibility of bagasse below 
the control value. 

812 SRIVASTAVA, S. K.; SRIVASTAVA, R. A. K.; MATHUR, S. 
N. Biotransformation of sugar-cane sterols into androsta-1,4-
diene-3,17-dione (ADD) by Arthrobacter globiformis str. 
oxydans. Journal of Afplied Bacteriology (1985) 59 (5) 399-
402 [En, 17 ref., 4 fig. Biochem. Res. Lab., Bot. Dep., Univ. 
Gorakhpur, Gorakhpur-273001, India. 

A. globiformis isolated from garden soil was cultured on 
phosphate salt medium containing phytosterols extracted from 
sulphitation pressmud, a sugar industry waste, as sole source of 
carbon. The bacterium grew well on sterols and transformed 
them into precursors of steroidal drugs and hormones. Addition 
of a,a'-dipyridyl and sodium arsenite as metabolic inhibitors in 
the culture medium enhanced the accumulation of a 17-ketoste
roid which acts as precursor of steroidal drugs. The opt. temp. 
and pH conditions for its max. accumulation were found to be 
32 ±O.S"C and 7.2. Spectroscopic analyses of the 17-ketoste
roid confirmed it to be androsta-1,4-diene-3,17-dione (ADD). 
The bioconversion of sugar-cane sterols into 17-ketosteroid in 
varying culture condition is discussed. 
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Rubber and Plastics industry 

813 TSUCHII, A.; SUZUKI, T.; TAKEDA, K. Microbial degra
dation of natural rubber vulcanizates. Applied and Environmen
tal Microbiology (1985) 50 (4) 965-970 [En, 19 ref., 5 fig., 3 
tab.) Fermentation Res. lost., Agency Industrial Sci. Technol., 
Yatabe, Tsukuba, Ibaragi 305, Japan. 

An actinomycetes Nocardia sp. grows well on unvulcanized 
rubber and synthetic isoprene rubber, but not on other types of 
synthetic rubber. Not only unvulcanized but also various kinds 
of vulcanized natural rubber products were more or less utilized 
by the organism as the sole source of carbon and energy. The 
thin film from a latex glove was rapidly degraded, and the 
weight loss reached 75% after a 2-week cultivation period. 
Oligomers with molecular weights from 104 to 103 were accu
mulated during microbial growth on the latex glove. The par
tially purified oligomers were examined by infrared and 1 H 
nuclear magnetic resonance and 13C nuclear magnetic 
resonance spectroscopy and the spectra were those expected of 
cis-1,4'-polyisoprene with the structure, OHC-CH2-[-CH2-C(
CH3)~CH-CH2-]n-CH,-C(~O)-CH3, with the average values 
of n of about 114 and 19 for the two oligomers. 

Mining industry 

See also abst. 796 

814 KARAVAIKO, G. 1.; BELKANOVA, N. P.; YEROSHCHEV
SHAK, V. A.; AVAKYAN, Z. A. [Role of microorganisms and 
some physico-chemical factors of the medium in quartz destruc
tion.] Mikrobiologiya (1984) 53 (6) 976-981 [Ru, en, 12 ref., 5 
fig., 1 tab.] Ins!. Mikdrobiologii AN SSSR, Moscow, USSR. 

The capacity of Thiobacil/us thiooxidans, T. thioparus 
and Bacillus muci/aginosus to cleave the Si-0-Si bonds in 
quartz was investigated, in crushed samples in Ashby's medium. 
The silicon liberated into the medium was measured. T. thioox
idans acidified the medium, by oxidizing sulphur to sulphurous 
acid, but had no appreciable effect in liberating Si. As T. thi
oparus slightly ac1dified the medium, in a similar way, the 
cleavage of siloxane bonds was reduced; but in the absence of 
bacteria, these bonds were only broken at very alkaline pH. 
Thus this process occurred at a much wider pH range in the 
presence of T. thioparus, in association with the increase of 
bacterial biomass. A similar phenomenon occurred with B. 
mucilaginosus. grown in the presence of saccharoses. Again the 
release of Si was associated with an increase of bacterial bio
mass, and was quantitatively greatest when the medium was 
chemically made alkaline. 

BIODEGRADATION ORGANISMS 

Microorganisms 

See also abst. 77 3 

Bacteria 

See also absts. 760, 766, 775, 779-781, 783, 787, 793-794, 
797-799, 803-804, 8/0 

Fungi 

See also absts. 774, 776, 782, 784, 801, 809, 81 I 

815 TEWARI, R. P. Paddy (rice) straw mushroom 
(Volvariella diplasia) cultivation in a moderate climate. Mush
roo~ Journal q985) No. 150, 213-215 [En, 6 ref.] Indian 
Institute of Horticultural Research, Bangalore 560 080, India. 

Spawn was prepared on sterilized, chopped rice straw or 
sorghum grain with different amounts of added chalk powder (0 
to 10%) or gypsum (0 to 5%). The growing medium was dry rice 
straw soaked m water for 16 hand pasteurized by dipping in hot 
water (80-85"C) for 10 minutes. On cooling, the straw was tied 
into I kg bundles and used to make 3, 5, 10, 15 or 20 kg beds. 
The beds were spawned at 12% of the fresh straw weight and 



covered with transparent 200 ~auge polyethylene sheets. The 
sheets were removed when fruiting began. Production of spawn 
on rice straw was best with 4-5% added gypsum, while for 
sorghum grain 4-6% chalk powder was best. The 20 kg beds 
produced the highest number of fruiting bodies (202) and yield 
(4686 g = 23.43%ofbed weight) followed by 15 kg beds with 65 
fruiting bodies weighing 1698 g (11.32% of bed weight). The 
bed temperatures increased with increasing bed weight, from 
23-30" with 3 kg beds to 31-38" with 20 kg beds. 

816 JAKSEVAC, J. R.; MAIDANAC, L.; DoRdEVIC, J. (Bio
synthesis of cellulolytic enzymes.] Biosinteza celulolitickii 
enzyma. Mikrobio/ogija (1984) 21 (2) 151-164 [Sh, en, 27 ref., 
6 fig., 2 tab.] Tehnolosko-Metalurski Fakultet, Univ. Beograd, 

.. Yugoslavia. 
The opt. biosynthesis of cellulolytic enzymes (cellulase and 

glucosidase) was obtained after 3 days incubation, at 30-JS"C, 
with a 13% wheat straw concn for Trichoderma viride and its 
M 2813 mutant, and at 30-34°C, with 10% wheat straw concn, for 
M1513• Pretreatment of the medium with water or NaOH solu
tion had an adverse effect on enzyme biosynthesis. 

817 TIUNOVA, N. A.; KOBZEVA, H. YA.; ZAGUSTINA, N. A.; 
MAXIMOV, V. 1.; BEZBORODOV, A.M. (Cellulolytic enzymes of 
Geotrichum candidum.] Mikrobio/ogiya (1984) 53 (2) 237-241 
[Ru, en, 17 ref., 4 fig., I tab.] lnst. Biokhimii AN SSSR im. 
A.N. Bakha, USSR. 

A mutant str., 52, was produced from G. candidum 3c, 
using N-nitrosomethylbiuret. The enzyme system of the filtrate 
from G. candidum 52 was studied after fractionation, the activ
ity of the 4 fractions upon Na-CMC, cellobiose and cotton fibres 
being tabulated. Fraction I, identified chromatographically 
with endo-1,4-/l-glucanase (C,+), was able to catabolise cotton 
fibres freely, only when fraction 4 (cellobiohydrolase, C 1) was 
added. Fraction 2 (a different form of endo-1,4-,B-glucanase, 
C,_) was unable to hydrolyse cotton fibres even when C1 was 
added, but was active against Na-CMC. Fraction 3 also 
hydrolysed cotton fibres if c, was added. It is suggested that c,_ 
is not involved in the hydrolysis of native cellulose, as ex+ is, but 
might cleave cellodextrins and natural glycans containing 1,4-il
glucoside bonds. 

818 MAHESHWARI, R.; KAMALAM, P. T. Isolation and cul
ture of a thermophilic fungus, Melanocarpus albomyces and 
factors inftuencing the production aod activity of xylanase. 
Journal of General Microbiology (1985) 131 (11) 3017-3027 
[En, 31 ref., 5 fig., 3 tab.] Dep. Biochem., Indian Inst. Sci., 
Bangalore 560 012, India. 

M. albomyces was isolated from soil and compost by incu
bating samples in a glucose/sorbose/asparagine liquid medium 
followed by enrichment culture in medium containing sugar
cane bagasse as carbon source. The culture filtrate protein of the 
fungus grown in the presence of bagasse or xylose hydrolysed 
xylan and some other polysaccharides but cellulose was not 
hydrolysed. High extracellular xylanase activity was produced 
by cultures grown on xylose or hemicellulose materials. The 
fungus is one of the most active producers of xylanase discov
ered so far. 

819 GLENN, M.; GHOSH, A.; GHOSH, B. K. Subcellular 
fractionation of a hypercellulolytic mutant, Trichoderma reesei 
Rut-C30: localization of endoglucanase in microsomal fraction. 
Applied and Environmental Microbiology (1985) SO (5) 1137-
1143 [En, 28 ref., 3 fig., I tab.] Dep. Physiol. Biophysics, Univ. 
Med. Dent. New Jersey, Piscataway, NJ 08854, USA. 

A method of fractionation of microsome and a variety of 
vesicular bodies from T. reesei Rut-C30 mycelia is described. 
The microsome (i.e. light-vesicle) fraction contained a signifi
cant proportion of the cell-bound CMCase activity; the heavy
vesicle fraction, which contained amorphous or crystalline elec
tron dense material, showed low CMCase activity. However, 
anti-CMCase antibody binding, determined by direct radioim
munoassay, was high in the heavy-vesicle fraction. In contrast to 
the cytochrome c reductase, the majority of the ATPase was 
concentrated in the organelle-free cytosol. However the residual 
particle-bound ATPase was concentrated in the heavy-vesicle 
fraction. 
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Algae and Lichens 

820 PADHY, R. N. Cyanobacteria employed as fertilizers 
and waste disjisers. Nature (1985) 317 (6037) 475-476 [En, 
17 ref., I fig. Kahllikote Coli., Berhampur, Orissa, India. 

Studies have indicated that many cyanobacteria co-metab
olize naphthalene, biphenyl, anilines and their derivatives, and 
toxic substances present in the water-soluble fraction of crude 
oils; these are common foreign chemicals released from chemi
cal plants and dye works. It is suggested that mutant cya
nobacteria, once isolated, could he exploited for breaking down 
the chemicals in the waste-water stabilization ponds that receive 
industrial and urban effluents. Modern recombinant DNA tech
nology should make possible the development of novel strains of 
cyanobacteria capable of degrading a variety of chemicals, by 
cloning and expression of eubacterial chemical-degrading plas
mids from aerobic and anaerobic bacteria that are otherwise 
environmentally less successful. 

821 LEM, N. W.; GLICK, B. R. Biotechnological uses of 
cyanobacteria. [Review]. Biotechnology Advances (1985) 3 
(2) 195-208 [En, 63 ref.] Bioi. Dep., Waterloo Univ., Waterloo, 
Ont., Canada N2L JG I. 

Cyanobacteria (blue-green algae) have a great deal of 
potential as a source of fine chemicals, as a biofertilizer and as a 
source of renewable fuel. This potential is being realized as data 
from research in the areas of the physiology and chemistry of 
these organisms are gathered and as the knowledge of cya
nobacterial genetics and genetic engineering increases. The pre
sent (and possible future) uses of cyanobacteria and the state of 
the art with respect to the genetic manipulation of cya
nobacteria are assessed. 

REPORTS 
822 UNITED KINGDOM, TROPICAL PRODUCTS INSTITUTE 
Report ofthe Tropical Products Institute 1980-83. Final report. 
London, United Kingdom; Tropical Development & Research 
Institute (1984) vii+ 74 .PP· ISBN 0-85954-194-0 [En, 14 pp. 
of .ref., 8 pl., I fig., Pnce £4.50] Tropical Development & 
Research Institute, London ECIR SOB, United Kingdom. 

The Tropical Products Institute and the Centre for Over
seas Pest Research (in the United Kingdom) merged in 1983 to 
form the Tropical Development & Research Institute (of the 
Overseas Development Administration). This is .the final report 
of the Tropical Products Institute, and includes reviews of the 
work of departments for storage (including pest biology and 
control and storage engineering); industrial development; 
animal products and feed; plant food commodities; non-food 
commodities; and marketing and industrial economics. , 

823 Agricultural pests. Report, Centre for Overseas Pest 
Research, UK (1984) 13-21 [En, 3 fig.] 

Reviews are presented of about 20 research :projects in 
various countries on the taxonomy, identification, incidence and 
control of grasshoppers and locusts; the physiology, biotaxo
nomy, biology and control of Nilaparvata lugens on rice; the 
biogeography, forecasting and control of Spodoptera exempta 
in East Africa; the integrated control of cotton pests (including 
Pectinophora gossypiella, Spodoptera littora/is, He/iothis 
armigera and Earias insulana) in Egypt using pheromones and 
viruses; the taxonomy, identification, biology and control of 
termites (as pests of crops and timber); interactions between 
Chilo parte/Jus and sorghum; the development of an integrated 
pest management programme against Heliothis, for small farm
ers; and other work on insect pests and rodents. 

CONFERENCES 

824 DODD, G. D. (EDITOR) (UNITED KINGDOM, SOCIETY OF 
FOOD HYGIENE TECHNOLOGY) Aspects of pest control in the 
food industry. The proceedings of a one-day symposium held on 
the 27 September 1984 at the Novote~ Long Eaton, Nottingham
shire. Potters Bar, United Kingdom; Society of Food Hygiene 
Technology (1985) 65 pp. [En, many ref., 305 X 216 mm] PO 
Box 188, Potters Bar, Herts, EN6 !QU, United Kingdom. 
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A review of pest problems facing the food industry (by 
P.L.G. Bateman) IS followed by 6 papers including pest control 
on aircraft (by M.J. Kelly), an Introduction to booklice 
(Psocidae, especially Liposce/is granico/a [L. hostrychophilus], 
Lepinotus pat rue/is and Trogium pulsatorium), the Society of 
Food Hygiene Technology survey of the problem in the United 
Kingdom (by G.D. Dodd), the results of this questionnaire sur
vey (by S.F. Downing) and a report (by D.B. Pmniger) on recent 
research on psocids, including the identification and distribution 
of the 2 main pest species (L. patrue/is and Liposce/is bos
trychophilus), life·history and damage, detection and control 
(with fumigants and insecticides). 

825 CANADIAN PEST MANAGEMENT SOCIETY Proceedings of 
the Thirty-first Annual Meeting, Canadian Pest Management 
Society, Winnipeg, Manitoba, 20-22 August, 1984. Canada; 
Canadian Pest Management Society (1984?) ii + 155 pp. [En, 
many ref., many fig.] 

The proceedings contains contributions on triazine-resis
tant canota, weed control, stored products, management of bit
ing Hies and plant protection against diseases and insects. 
Relevant items are abstracted separately and can be traced via 
the subject index under Conferences, Canadian Pest Manage
ment Society. 

826 CYMOREK, S.; EHRENTREICH, W.; METZNER, W. (EDI· 
TORS) [Wood preservation - research and practice. Papers 
from the 1982 symposium held by Desowag-Bayer Holzschutz 
GmbH at the Krefeld Research and Development Centre.] Holz
schutz- Forschung und Praxis. Vortrii.ge auf dem Symposium 
1982 der Desowag-Bayer Holzschutz GmbH im Forschungs
und Entwicklungszentrum Krefeld. Leinfelden-Echterdingen, 
German Federal Republic; DRW-Verlag Weinbrenner (1984) 
127 pp. [De, many pl. Published in association with Desowag
Bayer Holzschutz GmbH, Price DM44] From review in Holz
Zentralblatt Ill, I 002. 

Eighteen papers and 16 poster abstracts from this interna
tional conference. Papers were presented under 4 main themes: 
conservation of old timber; biological control; wood preserva
tives; and test methods. Many of the papers were also published 
individually in Holz-Zentralblatt; these are noticed separately 
elsewhere. 

827 FINLAND, TECHNICAL RESEARCH CENTRE OF FINLAND 
Third international conference on the durability of building 
materials and components, Espoo, Finland, August 12-15, 1984. 
Espoo, Finland (1984) 494 + 477 + 599 + 315 pp. [En, fr, 
many refs. VTT Symposium No. 48, 49, 50, 51. PRJ 

828 GASSER, J. K. R. (EDITOR) Composting of agricultural 
and other wastes. Proceedings of seminar organised by Commis
sion of tbe European Communities, Directorate-General Science, 
R and D, Environment Res. Prog., Brasenose College, Oxford, 
March 19-20, 1984. London, UK; Elsevier A£plied Science 
Publishers (1985) 320 pp ISBN 0-85334-357-8 [En, many ref., 
fig., tab.] AFRC, 160 Great Portland Street, London, UK. 

Twenty papers and 7 posters were presented, dealing with 
the technology of composting, including modelling and microbi
ology, process optimization. odour control, mechanization, heat 
recovery and utilization, the use of composts as crop (including 
mushrooms) substrates. vermiculture and pathogen control. 
Relevant papers have been abstracted and may be traced in the 
index under Conferences. Com posting of agricultural and other 
wastes. 

829 KURATA, H.; UENO, Y. (EDITORS) Toxigenic fungi -
their toxins and health hazard. Tokyo, Japan; Kodansha Ltd.; 
Amsterdam, Netherlands; Elsevier (1984) xix + 363 pp. ISBN 
0-444-99630-3 [En, Developments in Food Science 1; Also 
ISBN 0-444-41688-9 (series); ISBN 4-06-200880-7 (Japan)] 

This comprises the Proceedings of the Mycotoxin Sympo
sia held during the Third International Mycological Congress, 
Tokyo, 1983. There were 5 symposia, viz. Ecology of mycotoxin
producing fungi; Taxonomy of mycotoxin-producing fungi; 
Food and feed mycology in relation to mycotoxicoses and food 
hygiene; Toxicology of mycotoxins; and Epidemiology or 
mytotoxins - risk to human health. Individual papers are 
abstracted elsewhere. 
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830 National seminar on microbial ecology January 23-24, 
1986. Coimbatore, India; Tamil Nadu Agric. Univ. (1986) 73 
pp. [En] 

This proceedings of the seminar held at the Cent. 
Advanced Studies in Agric. Microbial., Coimbatore comprises 
abstracts of papers presented at sessions on microbial ecology of 
plants (64); microbial ecology of soils (19); microbial ecology of 
animals. insects and aquatic systems (27); microbiology of food 
(13); and microbial transformation of agro-industrial residues 
(24). 

831 Moss, M. 0.; FRANK, M. (EDITORS) Proceedings of 
the 5th Meeting on Mycotoxins in Animal & Human Health, 
Edinburgh, 1984. Guildford, United Kingdom; University of 
Surrey (1985) 187 pp. [En, Obtainable from Dr. M.O. Moss, 
De~t. Microbial., Univ. Surrey, Guildford, Surrey GU2 5XH, 
Umted Kingdom, Price £18] 

Individual papers are abstracted elsewhere. 

832 MOHAMMAD, A. H. H.; ZAGHLOUL, T. M.; ZAKARIA, M. 
(EDITORS) Proceedings of the First Symposium on Recent 
Advances in Rodent Control, Kuwait, February 8th-11th 1982. 
Kuwait; Ministry of Public Health (1983) 340 pp. [En, Ar] 

Papers published here were presented at the symposium as 
a contribution towards the formulation of a comprehensive 
long-term rodent-control policy in Kuwait. 

BOOKS 
833 WOOD, B. J. B. (EDITOR) Microbiology of fermented 
foods. Volume 1. Volume 2. Barking, Essex, UK; Elsevier 
Applied Science Publishers (1985) xx + 37lpp.; xx + 292pp. 
ISBN 0-85334-334-9 [En, many ref.] Dep. or Biosci. & 
Biotech., Univ. of Strathclyde, Glasgow, UK. 

834 WATERS, W. E.; STARK, R. W.; WOOD, D. L. (EDITORS) 
Integrated pest management in pine-bark beetle ecosystems. 
New York, USA; John Wiley & Sons ( 1985) xvii + 256 pp. 
ISBN 0-471-05328·7 [En, 46 pp. of ref., 2 col. pl., many fig., 
236 X 160 mm, Price .£52] University of California, Berkeley, 
USA. 

This book contains a comprehensive account of pine bark 
beetles and their destructive effects on forests and forest prod
ucts in the USA and Canada. Since insecticides are no longer 
relied upon to control such pests. new and improved technolo
gies have been developed. A summation and overview are given 
of the current status of knowledge and experience in managing 
the 3 main species, Dendroctonus brevicomis, D. ponderosae 
and D. frontalis, and associated destructive agents. in their 
respective host forest ecosystems. Special emphasis is placed on 
current information and guidelines from recent National Sci
ence Foundation/Environmental Protection Agency program
mes and related USDA Forest Service programmes. There is a 
total of 9 papers, contributed by different authors. on various 
aspects of the subject, and these are noticed individually else
where. There is a subject index. 

835 NONVEILLER, G. [Catalogue of the insects of agricul
tural importance of Cameroon.] Catalogue des insectes du 
Cameroun d'intCret agricole. Belgrade, Yugoslavia; Institut 
Pour Ia Protection des Plantes (1984) 210 pp. [Fr, II pp. of ref., 
129 fig., MCmoires de l'Instjtut Pour Ia Protection des Plantes 
No. 15, 295 X 210 mm] Ecole Nationale Superieure Agro
nomique de Yaounde!, Cameroon. 

Notes are provided on over 1300 species of insects of agri
cultural importance in Cameroon, about half of them having 
been recorded by the author on about 190 food-plants. The 
major part of the text is devoted to an illustrated systematic 
account of species arranged alphabetically under families in 
orders, and includes information on their common names, 
appearance, injuriousness (to relevant food-plants or commodi
ties) or beneficial action (for example as natural enemies of 
pests) am! distribution (and in some cases natural enemies) in 
Cameroon. together with notes on these species elsewhere in 
Africa. Pests are dealt with first, followed by parasites and 
predators. Host-plants are then dealt with alphabetically, lists 
of relevant pests being provided (under the headings cultivated 
or useful plants, forest trees, ornamental plants and wild herba
ceous plants). Fifty-one species of pests of stored products are 



listed. Indexes of fungus and other diseases of plants; pests, 
parasites and predators and host-plants are provided, as are lists 
of plant famihes and genera and common names of insects and 
plants. 

836 JoNES, F. G. W.; JONES, M. G. Pests of field crops. 
London, United Kingdom; Edward Arnold (1984) Ed. 3, (4+] 
392 pp.ISBN 0-7131-2881-X [En, 17 pp. of ref., many fig., 252 
X 179 mm, Price £32.50] Department of Nematology, Rotham
sted Experimental Station, Harpenden, Herts, United 
Kingdom. 

The authors describe chiefly pests of field crops in Britain 
and the book is intended primarily for students in agricultural 
colleges and universities, but some l?ests of gardens and 
orchards are mentioned. In this 3rd editton, new nomenclature 
has been introduced for many pests, the sections on pesticides 
and pest management have been updated, the 1st chapter (on 
the origin and nature of pest problems) has been shortened and 
some of the references to earher works have been omitted. Suffi
cient morphology and classification are included for preliminary 
identifications to be made. The major part of the text is devoted 
to accounts of the insects of minor economic importance (Col
lembola, Orthoptera, Dermaptera and Thysanoptera) and 
major importance (Hemiptera, Lepidoptera, Coleoptera, 
Hymenoptera and Diptera). Vertebrates, molluscs, nematodes 
and arthropod pests other than insects are also dealt with. Sec
tions on the different animal groups include accounts of their 
general structure, classification, biology, injuriousness and con
trol; most species of economic importance are dealt with individ
ually. The final chapters are on pests of stored grain, types of 
crops and their pests, pest management (including natural con
trol, biological control, control by disrupting reproduction, hor
mones, pheromones, indirect control measures, resistant 
varieties, direct methods, selectivity of control measures, pheo
nological control, integrated pest control, pest monitoring and 
simulation modelling and legislative measures) and pesticides 
(including resistance to pesticides). 

837 MONTE, G. DAL (Protection of alimentary pasta from 
insects.] La difesa delle paste alimentari dagli insetti. Rome, 
Italy; Ministero deii'Agricoltura e delle Foreste (1985) 67 pp. 
[It, 42 ref., 40 col. fig., 244 X 174 mm] Dipartimento di Fitoia
tria, Universit:i di Milano, Milan, Italy. 

This handbook on the prevention of insect attack on pasta 
in Italy is concerned mainly with localities in the factory or 
surrounding buildings where infestation may originate or 
remain hidden. It is divided into sections on primary materials 
(not only the pasta or its ingredients but also the containers and 
vehicles in which they arc transported and the packaging mater
ials in which the finished products are wrapped); the outside 
environment (previous factories through which the cereals have 
passed and nearby storehouses); the pasta factory and its 
processing machinery; places of storage of the finished products; 
conclusions regarding measures for cleaning all the localities, so 
as to leave no accumulations of debris anywhere to provide 
insect breeding sites; and different means of chemical control 
(mainly contact insecticides, toxic gases and fumi~ants) and the 
regulations relati~g 1to .them. A list of specific msecticides is 
appended, together·with a list of the 23 species of insects most 
commonly :fo.und 'in ·stored pasta. Attention is drawn to the 
vulnerability to insects .of.all types of packaging used to wrap 
pasta .products. 

838 DOBIE, P.; HAINES, C. P.; HODGES, R. J.; PREVEIT, P. F. 
(COMPILERS) Insects and arachnids of tropical stored prod
ucts. Their biology and identification (a training manual). 
Slough, United Kingdom; Trop:ical Development and Research 
Institute (1984) (7+] 273 pp.[En, many ref., 46 fig, 293 X 208 
mm, Price £10] Storage Department, Tropical Development 
and Research Institute, Slough, Berks, SL3 7HL, United 
Kingdom. 

This manual was compiled by entomologists of the Storage 
Department of the Tropical Development & Research Institute 
to assist in training courses held there. It brings together, for the 
first time, identification keys and information on the basic biol
ogy and recognition Qf all the major storage insects and mites as 
well as many others of lesser importance. The Coleoptera, 
Lepidoptera and Acari are dealt with in turn, and a section on 
the ecology of stored-product arthropods follows. In this, insect 
population growth, the strategy of storage pests and the effects 
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of physical and biotic factors (including predators and patho
gens of stored-product pests) are dealt with. General entomolog
ical techniques, the usc of identification keys and the laboratory 
culture of stored-product insects are dealt with in appendixes, 
and an index to scientific names is provided. In addition to its 
role as a training aid, this manual should be useful as a reference 
book for researchers and those concerned with the management 
of pests in tropical and other stored products. 

839 LOMAKIN, A. D.; MARTINETS, D. V .; PRILEPSKII, E. A. 
[Glued wood structures in agricultural buildings.] Kleenye der
evyannye konstruktsii v sel'skokhozyalstvennykh zdaniyakh. 
Moscow, USSR; Strolizdat (1982) 104 pp. [Ru, Price 0.30 r] 
From review in Derevoobrabatyvayushchaya Promyshlennost' 
(1984) No.2, 23. Ru. BLL. 

A book dealing with the main types of structure and their 
agricultural applications, and also with methods of protection 
against moisture, fire and biodeterioration. 

840 GROSSER, D. (Plant and animal pests of constructiOnal 
and industrial timber.] Pfianz!iche und tierische Bau- und 
Werkholzschadlinge. Stuttgart, German Federal Republic; 
DRW (1985) 160 pp. [De, many ref., many pl. (many col.), 
Price DMI20.00] From review in Holz-Zentralblatt Ill, 1063. 

A comprehensive reference book, copiously illustrated with 
photographs, covering both common and rarer decay fungi and 
insect pests. 

841 HIGUCHI, T. (EDITOR) Biosynthesis and biodegradation 
of wood components. Orlando, Florida, USA; Academic Press, 
Inc. (1985) xvi + 679 pp.ISBN 0-12-347880-4 [En, many ref., 
36 pl.] Wood Res. Inst., Kyoto Univ., Uji, Kyoto, Japan. 

A textbook containing 22 chapters by various authors cov
ering the structure of wood, the localization of polysaccharides 
and lignins in wood cell walls, metabolism and synthetic fu.nc
tion of cambial tissue, cell organelles and their function in the 
biosynthesis of cell wall components, biosynthesis of plant cell 
wall polysaccharides, lignin, cutin, suberin and associated 
waxes, phenolic acids and monolignols, quinones, flavonoids, 
tannins, stilbenes and terpenoid wood extractives, the occur
rence of extractives, the metabolism of phenolic acids, wood 
degradation by micro-organisms and fungi, and biodegradation 
of cellulose, hemicelluloses, lignin, and aromatic extractives of 
wood. An index is included. 

842 Culture collection of micro-organisms. Kanpur, India; 
Defence Materials & Stores Research & Development Estab
lishment, Ministry of Defence (1985) SO pp. [En, Many tabs.] 

843 COKER, R. D.; JONES, B. D.; NAGLER, M. J. Mycotoxin 
training manual. London, UK; Tropical Development and 
Research Institute ( 1984) 310 pp. [En, Many ref., Price £10] 

This useful manual was designed primarily for use by over
seas personnel who participate in the Institute's Mycotoxin 
Training Course. It reviews the problems of mycotoxins and 
mycotoxicoses and gives details of methods used at the Institute 
for the analysis of foods and feeds for afiatoxins. 

844 STOLOFF, L.; CASTEGNARo, M.; Scorr, P.; O'NEILL, I. 
K.; BARTSCH, H. (EDITORS) Environmental carcinogens. 
Selected methods of analysis. Volume S - Some mycotoxins. 
Lyon, France; International Agency for Research on Cancer 
(1982) xlvii + 455 pp. ISBN 92-8-321144-8 [En, !ARC Publi
cations No.44] 

This contains the following: 
Stoloff, L. General introduction (xxv-xliii, 51 ref., I fig., 2 tab.) 
[lists the fungal metabolites reported to produce cellular aberra
tions, their chemical structure and producing mould(s)]. 
Castegnaro, M. Hazards in handling mycotoxins (xlv-xlvii, 7 

ref.). 
Biological activity of mycotoxins: 
Unsell, A. Carcinogenicity of mycotoxins (3-14, 30 ref., 3 tab.). 
Monitoring in the environment: 
Dickens, J.W. (eta!.). Sampling and sample preparation (17-

32, 24 ref., 3 fig., 2 tab.). 
Stoloff, L. Analytical methods for mycotoxins -an overview 

(33-62, 77 ref., 4 tab.). 
Preparation and testing of mycotoxin standard reference 

materials (63-84, 4 ref.). 
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Friesen, M. Quality assurance for mycotoxin analysis. 
Mycotoxin check sample programmes (85-106, 17 ref., 10 fig., 2 
tab.). 
Schuller, P.L. (et al.). Limits and regulations (107-116, 2 tab.). 
Methods of analysis of ajlatoxins: 
This section details the detection of total aftatoxins and of 

various aftatoxins in groundnuts and groundnut products, cot
tonseed and cottonseed products, milk and cheese and animal 
tissues (all adapted from the official methods of analysis of the 
Association of Official Analytical Chemists) and in feeding
stuffs (adapted from the Council of the European Community 
Methods). 

Toxicity, occurrence and methods of analysis of other 
mycotoxins: 
Krogh, P.; Nesheim, S. Ochratoxin A (247-282). 
Egmond, H.P. Van (et al.). Sterigmatocystin (283-310). 
Scott, P.M. Patulin (311-327). 
Thorpe, C.W. Penicillic acid (329-348). 
Wilson, D.M. Citrinin (349-364). 
Mirocha, C.J. Trichothecenes (365-383). 
Lafont, P. (et al.). Mycophenolic acid (385-398). 
Ueno, Y. Luteoskyrin and other Penicillium islandicum toxins 
(399-417). 
Hayes, A.W. (et al.). Rubratoxin B (419-455). 

845 SMITH, J. E.; Moss, M. 0. Mycotoxins- Formation, 
analysis and significance. Chichester, United Kingdom; John 
Wiley & Sons Ltd. (1985) 148 pp. ISBN 0-471-90671-9 [En) 

This book provides a thorough introductory account of 
mycotoxins, for use by undergraduates and postgraduate 
research workers in various fields. The multidisciplinary nature 
of research on mycotoxins and the diseases they cause is empha
sized. Chapters include: Introduction; Toxigenic fungi; Struc
ture and formation of mycotoxins; Implications of mycotoxins 
in animal diseases; Human mycotoxicoses; Natural occurrence 
of mycotoxins; Mycotoxin analysis; Control of mycotoxins. 
Each chapter ends with a list of references for further reading. 

846 KENDRICK, B. The fifth kingdom. Waterloo, Ontario, 
Canada; Mycologue Publications (1985) vii+ 363 pp. ISBN 0-
9692237-0-6 [En) 

This up-to-date mycology textbook contains 23 chapters, 
the first 5 of which are devoted to classification. Other topics 
include yeasts, lichens, spore dispersal, fungal physiology, 
genetics and ecology, plant pathology in agriculture and for
estry, fungicides, fungi as agents of biological control, fungi 
exploiting microscopic animals, fungal symbioses with animals, 
mycorrhizas - mutualistic plant-fungus symbioses, fungi as 
food, fungi in food processing, food spoilage by fungi, mycotox
ins in food and feed, poisonous and hallucinogenic mushrooms, 
and medical mycology. There is a glossary and an index. 
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phere and fumigation in grain 
storages 719-720, 740-750 
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832 
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World Conference on Animal Produc
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F compounds 675 

timbers 
boron 678 
logging, seasonal variation 640 
resistance 645 

Control, timbers, stain fungi 667 
Copper sulphate, fungicides, thatch 690 
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tance 657 
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control 
growth regulators 729 

millets, moisture content 455 
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biodegradation 631 
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timbers, resistance 645, 647 
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476 
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plate count 576 
microbial Hora 563 
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672, 674 

Cryptolestes 
control 

fumigants 748 
migration, Australia 714 

Cryptolestes ferrugineus 
cereals 

cold resistance 752 
control, methyl chloroform 736 
rapeseed 481 
traps, aggregation pheromones 715 

Crypto/estes pusillus, control, fumigants 
746 
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India 654 
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669 
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Dried fruit, pest control, ethyl formate 744 
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coliform bacteria 595 
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culture media 594 
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Enterobacteriaceae 
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temperature 622 

milk 592 
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Escherichia coli 408 
Escherichia coli, milk products 559 
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inoculation 762 
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citrinin, estimation 450 
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ELISA 417 
Fenilrothion 

control 
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insect pests 737 
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Fumigation, cabbages, Alternaria brassicae 
539 

Fungi 
books 846 
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Botrytis cinerea 502, 509 
Penicillium expansum 502, 509 

cabbages 
Alternaria brassicae 536 
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474 
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Benincasa hispida 526 
feeds 452 

Gibberella zeae, feed grains 448 
Gliocladium roseum, polyurethanes 682 
Gloeophyllum saepiarium, timbers 633 
G/oeophy/Ium trabeum 
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mercury, detoxification 802 

Klebsiella pneumoniae 
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Marine fouling. reviews 694 
Marine structures, biofouling, reviews 694 
Meat 

aHa toxins 
detection 

ELISA 437 
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meat products, Saudi Arabia 550 
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mycotoxins, Poland 613 
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title 

e Provides a quick, easy-to-use guide to sources of photocopies 

210 x 297mm, laminated covers, 182pp., (August 1983) ISBN 0 85198 5181 

Price UK £16.80 Americas US$31.50 Rest of World £18.50 

Obtainable from 

C·A·B International (Central Sales) 
Farnham House, Farnham Royal, Slough SL2 3BN, UK. 
Tel: Farnham Common (02814) 2662 Telex: 847964 Cables: Comag, Slough 

C·A·B INTERNATIONAL 

SPAN Agricultural Reviews 
a publication all progressive agriculturalists should read 

Span, published three times a year, specialises in review articles ranging over the whole field of 
agricultural and horticultural policies, economics, science and technology. It provides a focal point 
of interest to all those involved in policy making, research and development, the academic and 
professional disciplines and the practical business of farming. It covers topics of current importance 
to both the developed and developing world, irrespective of climatic and environmental 
circumstances, and includes articles on plant breeding: crop production and protection, crop science 
and technology: forestry; animal breeding, health and production; fish farming; energy, engineering 
and mechanisation, as well as book reviews. 

Span, issued privately by Shell International Chemical Company Limited, has proved so popular 
that the demand far exceeded the controlled circulation and it was therefore decided to offer the 
journal on an annual subscription as from the first issue in 1985. 

In view of the valuable contribution Span makes to information in agriculture, CAB has undertaken 
to distribute the subscription copies. Keep up-to-date with the latest information by ordering your 
copy now. 

Annual subscription UK£25.00 All other countries US $50.00 

Write for further details: 

C·A·B International. (PRO.DPT.462) 
Farnham House, Farnham Royal, Slough. Sl23BN, UK. 



C·A·B INTERNATIONAL 

Advancing Agricultural 
Production in Africa 

Proceedings of CAB's First Scientific Conference 
Arusha, Tanzania, 12-18 February 1984 
edited by D L HA WKSWORTH 

The Proceedings of C·A·B International"s (formerly Commonwealth Agricultural Bureaux) First Scientific 
Conference held at Arusha, Tanzania. 12-18 February 1984, in collaboration with the Government of Tanzania was 
published August 1984. This valuable book summarises all the papers given and discussions which followed. 

The volume contains 85 chapters, comprehensively covering: Crop Production, Protection and Utilization; Animal 
Productivity and Health; Integration with Marketing and Consumer Preference: Natural Resource Management; 
Cultural and Social Aspects; together with sections relating to Identification, Biocontrol and Information Services. 
President Nyerere provides an important opening address outlining the position as seen for Tanzania, and the 
conclusions are ably summarized by Professor A H Bunting in a significant statement of the current constraints to 
progress. 

In his preface, Or 0 G Crosby, (Canada) Chairman of C· A· B International Executive Council, states: 

'The Arusha Conference confronted what is certainly one of the most pressing problems of this decade, that of 
Advancing Agricultural Production in Africa'. 

'The substance of the Conference was addressed to administrators. directors and senior professional scientists 
in African countries responsible for research in related services for development in agriculture. The aim was to 
support and strengthen efforts to align such work to the needs, resources and constraints of development in 
these nations'. 

'The overall result of the Conference was a comprehrensive survey of the current status and constraints to 
Advancing Agricultural Production in Africa'. 

These authoritative surveys are now incorporated in this substantial volume which assumes importance as an 
invaluable guide and reference work for all involved in the development of tropical agricultural economies in Africa. 
with relevance and substance for all other climatically similar regions. 

The volume will also prove of value in college and university courses concerned with aspects of tropical agriculture and 
development. The following are some readers' comments: 

' ... aligns research and related services for the development of food production in Africa'- Zambia. 

'The publication contains a wealth of current material which provides a valuable reference source for any 
activities related to Africa'- Canada. 

' ... convey my gratitude to CAB and the Commonwealth Secretariat. The book will be extremely useful to 
me in my teaching of research and advisory activities'- Kenya. 

254 x 186mm, hardback, 472pp .. 1 half·tone, 13line ill us., numerous tables (August 1984) ISBN08519~5378 

Price, including postage and packing ... UK£40.00 Americas US$76.00 Rest of World £~~.00 

All enquiries for the purchase of copies should be addressed to: 

C·A·B International (PRO.DPT. 472) 
Farnham House, Farnham Royal, Slough SL2 3BN. UK. 
Tel: Farnham Common (02814) 2662 Telex: 847964 Cables: COMAG, Slough 
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C·A·B INTERNATIONAL 

PUBLICATIONS AND SERVICES 

GENERAL INFORMATION 
CAB lnternatronal (formerly the Commonwealth 
Agncultural Bureaux) is an international non-profit 
organrzatron controlled by governments of member 
countnes lis mam functron IS to provtde a world-w1de 
informatton Service 1n agriculture. forestry and related 
areas of applied brology, socrology, economrcs. 
eng1neenng and medrc1ne. Two other sc1entrf1C 
serv1ces are responsible for pest and disease 
rdentrlrcatron. and the applrcatron of brocontrol 
technrques to pest management 
C A B lnternatronalrs best known lor rls abstract 
journals cover1ng each of the ma1n agncultural 
drscrplrnes (lor lull list of trtles oee back cover). 
The wrde range of other publicatrons rncludes 
annotated btbl1ograph1eS. revtews. authontat1ve books 
and reference works, and specral1zed a1ds to the 
management of pests and drseases 

Abstract Journals 
The 46 abstract fOUrnals, whrch cover specrlrc 
agncullural disciplines. specrahst crops or 
products. or partrcular anrmals. are all derrved from the 
CAB ABSTRACTS database In 1986 input to the 
database wrll amount to approxrmately 150 000 
records prepared from around 13 000 serrals and 
many other screntrlrc publrcatrons 

Annotated Bibliographies 
Over 3000 Annotated Brblrographres on a wrde varrety 
of toprcs have been produced by C A B lnternatronaf's 
rnlormatron specialists. Many are the result of requests 
and are in photocopy format wrth abstracts rn 
chronological order but wrthoul rndexes. Others. on 
partrcularly toprcal or popular subtects. are typeset. 
the abstracts berng classrlied and rndexed; some 
are preceded by a revrew artrcle 

Online Searching 
The complete database from 1972 rs avarlable lor 
online searchrng vra four ma1or onlrne hosts: 
Lockheed's DIALOG (USA), ESAIIRS (Italy), CANIOLE 
(Canada) and DIMDI (GFR). Nearly 2 mrllron records 
currently online can be searched as a complete file or 
as separate subfiles correspondrng to each abstract 
tournai Online retrreval rs a hrghly cost·effeclrve way of 
carrytng out ltterature searches. and provtdes users 
wrth a prrnlout of records on !herr specrfrc subtects 
Search aids available rnclude the comprehenstve 
CAB ABSTRACTS Onlrne Manual, the CAB Thesaurus 
and the CAB Serra Is Checklrst. 

Magnetic Tapes 
The database rs leased on magnetrc tape on 
a calendar year basis by many organtzattons. 
The lease lee. payable tn advance. includes usage up 
to a pre·setlrmrt addrtronal usage rs charged lor at the 
end oft he year. Current tapes are delivered month!~ 
and retrospectrve tapes as requrred. Technrcal data 
and sample tapes are supplied at a nomrnal charge. 

SOl Service 
SOl (Selectrve Dissemrnatron of lnformatron) rs a 
regular current awareness servtce based on the 
most recent rnpul to the database processed at the 
C A B lnternalronal computer centre. r.e. 6-8 weeks rn 
advance of publicatron rn the abstract JOurnals or 
avarlabrlrty on DIALOG. ESNIRS. CAN/OLE or DIMDI 
servrces. Subscrrbers decrde !herr own search prairie 
and receive search results at mtervals of their own 

chorce. e g monthly, quarter!~ even weekly The 
search prrnlout contarns full brblrographrc detarls and 
an informative abstract for each record retneved 

CAB Alerts 
Thrs new weekly servrce rs based on the SOl servrce 
descrrbed above A number of standard prairies on 
toprcs of current rnterest are berng prepared 

Cumulating COM Indexes 
These cumulatrng COM (Computer Output on 
Mrcroliche) rndexes wrll burld rnto 5·year rndexes lor 
the abstraCIJOurnals Avarlable as subject indexes 
containrng lull brblrographrc delarls and rnformatrve 
abstracts. and author rndexes contarnrng full 
brblrographrc detarls. the cumulatrng COM rndexes 
are tssued on a regular basts Forestry Abstracts 
and Forest Products Abstracts cumulatrng rndexes 
are rn preparatron and wrll cover the period 1984-1988 
Requests for COM rndexes coverrng other JOurnals 
are welcomed. 

Document Delivery Service 
The orrgrnals of most artrcles abstracted for the 
CAB ABSTRACTS database are avarlable as 
photocopres Order forms and copyrrghl declaralrons 
are prrnted rn each journal (or are avarlable rn bulk). 
Documents may also be ordered online vra Dra1og's 
DIALORDER or ESAs PRIMORDIAL 

Training 
To help users get best value lor man~ 
C A B lnternattonal prov1des user trammg and 
educatton. There is an annual two-week course 
entrlled 'lnlormatron on Agrrcullure· rn Oxford. 
destgned to give tnlormatton officers and ltbrarrans. 
partrcularly from developrng countrres. a sound 
background tn agnculturaltnformalton practtce In 
addrlron. there are many one·day workshops rn the 
USA. Europe and elsewhere. lacrlrtres for on·the·fOb 
trarnrng at theCA B lnternatronalrnput centres. and 
tat lor-made courses on data preparatton for 
organrzatrons supplyrng rnput lor the database. 

ORDERING INFORMATION 
Journals 
Subscriptrons should be fully pard by 1 December lor 
the volumes to be rssued rn the lollowrng yeat Many 
JOurnals are avarlable at specral rates to subscrrbers rn 
member countnes. A subscnptton provtdes 
entrtlement to each part plus the annual rndex Rates 
rnclude packrng and mar ling by arr to distant couotrres 
wherever the cost can be absorbed Orders should 
be sent to the address below. 
Back numbers. rncludrng mrcroform edrtrons. are 
avarlable at drscounted prrces. Further detarls wrll 
be grven on request. 

Enquiries 
For further rnlormalron relatrng to any of our 
publications and services. write to 
Central Sales 
C A B fnternatronal 
Farnham House. Farnham Royal. 
Slough. SL2 3BN. UK. 
Tel Farnham Common (02814) 2662 
Telex 847964 (COMAGG G) 
Cables; Comag Slough 
lnternatronal Dralcom: 84.CAU001 

Printed by Unwm Brothers ltd., The Gresham Press, Old Woking, Surrey, U.K. 
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CAB INTERNATIONAL 

Farnham Royal. Slough SL2 3BN, UK 
Telephone: Farnham Common (02814) 2281 

Telex: 847964 (COMAGG G) Cables: Comag Slough 
Telecom Gold: CAU001. DIAL COM: 84 CAU001 

Tl1e Leading 
World lilforinatioil Service 

in Agriculture a11d 
Related Sciences 

ABSTRACT JOURNALS 
AND SERIAL PUBLICATIONS 

1986 
Animal Science and Production 
M Animal Breeding Abslracts 
M Dairy Sctence Abstracts 
A Index of Current Research on Pigs 
M Nutrition Abstracts & Reviews 

Senes B- Lrvestock Feeds & Feeding 
a Pig News & Information 
M Poultry Abstracts 
0 Small Animal Abstracts 

Veterinary Science and 
Parasitic Dis.eases 
H Animal Disease Occurrence 
M He!minthological Abstracts 

Series A- Ammal & Human 
Helminthology 

M Index Veterinafius 
M Protozoological Abstracts 
M Review ol Applied Entomology 

Senes B- MediCal & Vetertnary 
a Review of Medical & Vetertnary 

Mycology 
M Veterinary Bunetin 

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 
0 Irrigation & Drainage Abstracts 
A Lentil Abstracts 
B Maize Abstracts 
M Ornamental Horticulture 
M Plant Breeding Abstracts 
M Plant GrD'Nth Regulator Abstracts 
M Potato Abstracts 
8 Rice Abstracts 
M Seed Abstracts 
M Soils & Fertilizers 
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 
0 Biocontrol Ne-.vs & Information 
0 Bulletin of Entomolog·LCal Aesearch1 

H Distribution Maps of Pests 
H Distributoo Maps of Plant Diseases 
0 Helminthological Abstracts 

Senes B- Plant Nematology 
M Review of Applied Entomology 

Senes A- Agncullural 
M Review of Plant Pathology 
rv1 Weed Abstracts 

Economics, Development 
and Sociology 
0 Leisure, Recreation & Tourism Abstracts 
0 Rural Development Abstracts 
0 Rural Extension, Education & 

Training Abstracts 
M World Agricultural Economics & Rural 

Sociology Abstracts 

Machinery and Buildings 
M Agricultural Engineering Abstracts 

Food and Nutrition 
M Food Science & Technology Abstracts 

(published by the International Food 
lnformatoo SerVICe- FIS) 

M Nutrition Abstracts & Reviews 
Series A- Human & Experimental 

Biotechnology 
0 International Biodeterioration2 

Taxonomy 
H Bibliography of Systematic Mycology 
0 Bulle1in of Zoological Nomenclature1 

H Descriptions of Pathogenic Fungi & 
Bacterta · 

A Descriptions of Plant Viruses 
H Index of Fungi 

Agriculture 
T SPAN3 (publisher J.G R. Stevens) 

A =-= Annual B = Bi·mc>f'!lhly 
H z Hall·yearly M = Monthly 
T • Three issues/year Q = Ouarterty 
1 Primary journal 
2 1ncludes research papers 3 Reviews 


