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NEWS AND COMMENTS 

The First Scientific meeting of 
the Biodctcrioration Society was 
held at the Royal Society of Arts, 
London on 12th November, 1970. 
The one day session consisted of 
contributions by D. C. Drummond 
on rodent damage to materials, 
H. J. Hueck on biodeterioration 
and environmental pollution, R. L. 
Hughes on biodegradation in the 
paper industry, E. A. George on 
algae versus man and J. G. Savory 
on biodeterioration problems in 
newly felled timber. 

The Society for Industrial Mi
crobiology has granted the Charles 
Thorn Award to Dr. Arthur M. 
Kaplan, Head, Applied Micro
biology Group, U.S. Army Natick 
(Mass.) Laboratories. 

The award is presented for an 
outstanding contribution to re
search in industrial microbiology. 

Dr. Kaplan was cited "for his 
world renowned research, in par
ticular, on microbial deterioration 
of material; for his international 
activities in furthering industrial 
microbiology and for exemplary 
service to the Society as past 
president and in other Society 
offices." 

A graduate of Massachusetts 
State College, he received his 
Master's degree from the State 
College of Washington, and his 
Ph.D. from the University of 
Massachusetts. He has published 
extensively in the scientific and 
technical literature and holds a 
number of patents in areas con
cerned with microbial deteriora
tion of contamination of materials. 

Dr. Kaplan is a member of 
several scientific, honorary and 
professional societies including the 
Society for .Industrial Microbio
logy, American Society for Micro
biology, American Chemical Soci
ety, Institute of Food Technolo
gists and the Research Society of 
America. 

He was designated by the State 
Department as a member of the 
United States Delegation to the 
Organization for Economic Co
operation and Development 
(OECD) Expert Group on Bio-

deterioration of Materials, with 
headquarters in Paris, is a founding 
member of the International Bio. 
degradation Research Group, 
Delft, The Netherlands, and is a 
member of the editorial boards of 
the International Biodeterioration 
Bulletin, Birmingham, England 
and Developments in Industrial 
Microbiology published in the 
United States. 

He is active in international 
efforts concerned with microbio
logy and has served in the organ. 
izing of international symposia as 
well as several Gordon Research 
Conferences. He is an associate 
member of the Commission on 
Environmental Health, Armed 
Forces Epidemiological Board; an 
Adjunct Professor in the Depart. 
ment of Plant Pathology and 
Entomology, University of Rhode 
Island; and a member of the Board 
of Governors of the American 
Institute of Biological Sciences. 

The International Biodegrada
tion Research Group held its Third 
Plenary Session at the TNO Head 
Office, The Hague, The Nether
lands on !4th-15th October, 1970. 
The Plenary Session was preceeded 
by group meetings for taxonomy, 
plastics, textiles and paint on 12th-
13th October at the Centraal 
Laboratorium TNO. 

An introductory course on the 
Microbiological Deterioration of 
Materials, consisting of a series of 
lectures given by invited speakers, 
will be held at the Biodeterioration 
Information Centre, University of 
Aston in Birmingham between 
29th March and 2nd April, 1971. 
As well as lectures, practical work 
and demonstrations are to be 
arranged, while accommodation 
will be in University Halls of 
Residence. 

Further details may be obtained 
from: 

Dr. R. F. Sharp, 
Biodeterioration Information 
Centre, 
University of Aston in 
Birmingham, 
80 Coleshi/1 Street, 
Birmingham, 
England, B4 7PF. 
Telephone 021-359 361 I ext 6258 
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During the first half of this year 
Hickson and Welch have shown a 
pre-tax profit of £1,007,000: an 
increase of20 per cent. [Abstracted 
from The Times]. 

The danger of increasing rat 
infestations in many English urban 
and rural areas was stressed at the 
Annual Conference of the Associa
tion of Municipal Corporations 
at Torquay, England this Septem
ber by Mr. Marcus Sieff, vice
chairman and joint managing 
director of Marks and Spencer Ltd. 
Mr. Siefftold of five food factories 
with which his company had had 
to cease doing business as they had 
become seriously infested. Derelict 
areas being demolished in the 
central areas of many cities were 
sites of extensive infestation and 
unless steps were taken to elimi
nate the rats they would spread, 
as they had already begun to do, 
to neighbouring rebuilt areas. 

The Local Government Infor
mation Office is planning a na
tional campaign through local
authorities to make the public 
more aware of the rat menace. 

At the Fifty-third Annual Gen
eral Meeting of Coalitc and Chem
ical Products Ltd. held in London 
on 29th July, 1970 it was reported 
that plant was being installed for 
the manufacture of orthophenyl 
phenol by a process based on a 
patent licensed from I.C.I. It was 
expected that by the end of June 
this year the output would cover 
the company's own captive re
quirements and other demands in 
the United Kingdom. Subsequent
ly this would be increased to meet 
an estimated substantial export 
potential. The plant would be the 
first in the world for the manufac
ture of orthophenyl phenol syn
thetically. [Abstracted from The 
Times.] 

Earlier this year Baywood Chem
icals Ltd., which has now changed 
its name to Bayer Agrochem Ltd., 
announced the retail marketing in 
the United Kingdom of the Mafu
Strip. This product, which has 
already been available elsewhere 
in Europe for two years, is a 
resin fly strip containing 20% 
dichlorvos. The insecticidal vapour 



is released very slowly at a low 
concentration and the makers 
claim that it thereby controls both 
flying insects such as flies and 
moths and crawling insects such 
as cockroaches and ants for a 
period of four months while 
remaining harmless to humans and 
animals. 

Two sizes are being marketed: 
Mafu•Strip 10 for rooms of 10 
cubic metres and Mafu-Strip 40 
for rooms of 40 cubic metres. The 
makers suggest that the product 
will find applications in domestic, 
retail, industrial and agricultural 
premises. 

Further information can be 
obtained from: 

Bayer Agrochem Ltd., 
Eastern Way, 
Bury St. Edmunds, 
Suffolk, 
England. 

Tel: Bury St. Edmunds 2041 
[Abstracted from Baywood Courier 
Summer 1970]. 

Buckman Laboratories, Inc. an
nounce a new broad spectrum 
microbicide for industrial water 

systems, Busan 74. This product is 
claimed to be effective against 
most species of bacteria, fungi and 
algae encountered in industrial 
process waters. It thus reduces the 
need for changes in microbicides 
to control the usual variations in 
microflora which occur over a 
period of time. 

The active ingredients of Busan 
74 are 2{thiocyano-methylthio) 
henzothiazole (32 per cent) and 
2-hydroxypropyl methanethiosul
phonate (28 per cent). 

Further information is obtain-
able from: 

Buckman Laboratories Inc., 
Memphis, Tenn. 38108, 
U.S.A. 

The Proceedings of the World 
Conference on Bird Hazards to 
Aircraft have now heen published. 
The Conference was held at 
Queen's University, Kingston, On
tario, Canada on 2nd-5th Septem
ber, 1969 and was attended by 141 
delegates from 21 countries. 

The Proceedings which are pub
lished in one volume of 552 pages 
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contain over 50 contributions 
which are divided into the follow
ing sections: the problem; airport 
surveys; ground cover and earth
worms; dispersal of birds; bird 
migration studies; airworthiness; 
identification of bird remains; 
population control; exchange of 
information; and conclusions and 
recommendations. 

The Proceedings are available at 
SIO.OO (Canadian) per copy from: 

Mr. M. K. Ward, 
Secretary, 
World Conference on Bird 
Hazards to Aircraft, 
cfo The National Research 
Council of Canada, 
Ottawa 7, Ontario, Canada. 

Compiled by 

M. J. D. Willsher, 
Biodeterioration Information 
Centre, 
80 Coleshill Street, 
Birmingham, 
England. 
B4 7PF. 

to whom items for inclusion should 
be addressed. 
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Banerjee, A. K. and Levy, J. F., Int. Biodetn. Bull. 6 (3), 87-93, (1970.) 
Short note on the effect of the culture medium on the pattern of decay by Chaetomiumglobosum in birch and Scots 
pine. 

SHORT NOTE ON THE EFFECT OF THE CULTURE MEDIUM ON 
THE PATTERN OF DECAY BY CHAETOMIUM GLOBOSUM 

IN BIRCH AND SCOTS PINE 
A. K. Banerjee' and J. F. Levy' 

Summary. The cell wall decomposition by C.globosum in malt 
agar medium was almost negligible. The cavities although 
sparsely formed in this medium were typically elongated type. 
The fungus was subcultured several times in Abrams medium 
plus Whatman cellulose powder and was tested for its decay 
capability in birch and Scots pine blocks in this medium. It 
produced several types of cavities and different patterns of 
decay. 

BrCve note sur les effets du milieu de 
culture sur le schema de pourriture du bouleau et du pin d'ecosse 
par Chaetomium globosum. La decomposition du mur cellulaire 
par le Chaetomium globosum dans un milieu de malt agar Ctait 
presque nolle. Les cavites, bien que formees d'une mani~re 
clairsemt':e dans ce milieu, presentaient un type allonge typique. 
Le champignon a ete sous-culturC: a plusieurs reprises dans le 
milieu Abrams auquel on avait ajoutC de Ia poudre de cellulose 
Whatman dans lc but de contraler sa capacitC de pourriture 
dans dubois de bouleau et de pin d'Ecosse dans ce milieu. On a 
observe plusieurs types de cavites et des schCmas diffCrents de 
pourriture. 

Introduction 

The decay of wood by soft-rot fungi has been 
extensively reported in the literature since their 
importance in the deterioration of wood was first 
recognised (Savory, 1954a, 1954b, 1955). The earlier 
works on soft-rot and the formation of cavities in 
wood have been reviewed by Levy (1965). Since then 
the ultra-structure of soft-rot cavities has been studied 
by Liese (1964, 1965), and Findlay and Levy (1969). 
The present work was undertaken to study the -effect 
of certain media on the soft-rot activity of C.globosum 
on birch and Scots pine blocks. · 

Material and Methods 

The soft-rot fungus C.globosum isolated from a 
fence post was subcultured four times at weekly 
intervals in Abrams medium (Abrams, 1948) to which 
10 gms. of Whatman cellulose powder per litre of 
solution was added before autoclaving. The fungus 
was then inoculated onto a series of petri dishes 
containing 2.5% malt extract and 1.5% agar, and 
also onto Abrams medium with cellulose powder. 
Six replicate sets of one centimetre orientated cubes 
of birch and Scots pine blocks of known dry weight 
were exposed to the fungus in two media, and the 
mean loss in dry weight was determined after six 
weeks exposure. The blocks were incubated at 25'C 
and left in a very humid atmosphere. Transverse and 
longitudinal sections, prepared from the blocks ex
posed for 3 and 6 weeks with similar treatments, were 
examined under microscope. 

'Department of Botany, Imperial College, London. 
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Kurzc Anmerkungcn Ubcr die Wirkung des Kultunncdiums auf 
die Holzzersttirung durch Chaetomium globosum in Birke und 
Pinus sylvestris. Die ZerstHrung der Zellw8.nde durch C.globo
sum in einem Malz-Agar-Medium war unbedeutend. Die 
Zellhohlriurne, die in diescm Medium wenig gcbildet wurden, 
zeigten die typisch Iingliche Fonn. Der Pilz wurde verschiedent
lich in Abrams Medium unter Zusatz von Whatman-Cellulose
Puder in Subkulttir genommen und auf seine Abbaufihigkeit 
von Birke und Pinus sylvestris untersucht. Er bildete verschidene 
Arten von ZeUhohlriumen und zeigte verschiedene ZerstBrungs
biider. 
Nota breve sobre cl cfecto del medio de culturo. sobre e1 decbado 
de Ia podredumbre por Chaetomium globosum en Ia madera 
deJ abedul y del pino escoces. La descomposici6n de la pared 
de Ia cCiula por C.globosum en un medio de agar de malta se 
revel6 como insignificante. Las cavidades, aunque creadas s6lo 
a trechos y no densamente en este medio, eran del tipo chisico 
alargado. El bongo se hall6 varias veces subculturado en el 
medio Abrams con p61vora celulosa Whatman y se prob6 en 
este medio su capacidad de podredumbre en el abedul y el pino 
escoces en forma de bloques. Produjo cavidades de varies 
tipos y varios dechados de podredumbre. 

Results 

The mean weight losses in the test blocks after 
6 weeks exposure to C.globosum: 
Medium used 

Malt agar 

Weight loss in Weight loss in 
Scots pine blocks birch blocks 

Nil 0.7% 
Abrams + cellulose .. 2.6% 27.2% 

Microscopic Study 
In the blocks exposed to C.globosum in the malt agar 

medium no significant decay of the cell walls was 
observed in either Scots pine or birch. In the blocks 
exposed to the fungus in Abrams medium plus 
cellulose, the decomposition of cell walls was very 
high especially in birch. Several forms of soft-rot 
cavity and different patterns of decay were also 
recorded. 

In three weeks exposure to the fungus, the S1 and 
s, layers of many fibre cells of birch were completely 
decomposed near the surface layers leaving the middle 
lamella and primary walls unattacked. In 6 weeks 
decay proceeded towards the centre of the blocks. The 
remains of the decomposed wall materials and the 
hyphae were present as a confused mass in the lumen 
(Figure 1). The erosion of cell wall proceeded from the 
lumen towards the primary wall and the decomposi
tion was fairly uneven in the fibre walls at the initial 
stage of decay (Figure 2). In the secondary wall of the 
fibre cells two main types of cavities were observed. 
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Figure 1 

Decompo~ed secondary walls of birch in 3 weeks by 
C.g/obosum. 

The elongated cavities with tapering ends, for med in 
chains (Savory 1954a, 1954c; Corbett 1965) were 
frequently ob~ervcd here. The other type of cavities 
v. hich were d iamond shaped (nearly as broad as they 
were long). in short chains were also very often fou nd 
in birch (Figure 3). This type of cavity formed by 
Phialophora fasrigiata was recorded by hndlay and 
Levy ( 1969). and a somewhat similar type of short 
rhombic or rhomboid cavities were included in Group 
7 in the forms of cavities described by Courtois ( 1963). 

In Sco ts pine very little cell wall decomposition 
was ob erved. The initiation of hypha! penetration to 
the tracheid walls and the formation of 'T' branches 
recorded here (Figure 4) were very similar to that 
described by Corbett (1965). The ·r branch appeared 
to form a single cavity (Figure 5) and the hypha may 
later develop new cavities in chain. 

The chain of spirally orientated cavtttes in the 
d ifferent stages of development (Figure 6) observed 
in Scots pine show a similar pattern to the initiation 
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Figure 2 

RLS birch showing eroSIOn of cell walls from lumen 
towards the p ri mary wall in 3 weeks exposu re in 
C.globosum. 

of cavities by a fine hypha growing from the ape'< of 
the constnction from a hypha in an existing cavity, 
to those described by Corbett (1965). In several 
cavities the fungal hypha within a cavity appeared to 
have undergone fu rther ~cptation ( F1gure 7 and 8). 
which may ultimately develop into cel lular appearance 
in the secondary wall in the lumen region. A similar 
observation was made by Banerjee and Levy (1970) 
in very old Pi tt;h p ine wood attacked by a soft- rot 
fungu s, from a disused copper mine. The cha nges 
recorded in the pattern of decay of cell wall in the 
treatment of subculturing the fungus in a mineral 
saltfcellulose medium are of some interest. The fungal 
hyphae ~ere often found migrating along the middle 
lamella, primary wall region of the tracheids (Figures 
9 and J 0). The hyphae then enter the S. layers of the 
wall of adjacent tracheids and form a pair of cavities 
opposite each other (Figure I I). In the same b lock of 
wood the hyphae were a lso found migrating a long Lhe 
S. layers of the latewood tracheids, decomposing the 
s~ layers w hilst the s3 layers remained unattacked 
(Figure 12). 

l 
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Figure 4 

lnitiation of 'T' branch 
in the s2 layers of 
tracheid walls in Scots 
pine. 
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Figure 3 

RLS birch showing 
cavities nearly as broad 

as they were long 
(diamond shaped) - 3 

weeks exposure in 
C.globosum-(Polarized 

light). 

F igure 5 

Formation of cavity by 
C.globosum in Scots 

pine probably from a 'T' 
branch. 
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Figure 6 

RLS Scots pine showing 
developing cavities in 
6 weeks exposure to 
C.globosum. 

Figure 8 

Septation of hypha 
within a cavity in Scots 
pine, under polarized 
light. 
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Figure 7 
Septation of hypha 

within a cavity in Scots 
pine. 
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Figure 10 

Middle lamella and 
primary wall region of 

Scots pine late wood 
tracheids attached by 
C.globosum and the 

migration of hyphae in 
the s2 layers. 
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Figure 9 

Hyphae of C.globosum in the primary wall region 
of Scots pine. 
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Figure l2 

Hyphae moving along 
the s2 layers of the 
tacheids in Scots pine. 

Discussion 

The chief interest that emerged from the results of 
this investigation is that the pallern of decay of cell 
walls by C.globosum is altered to some extent when the 
fungus is subcultured several times in mineral sal ts/ 
cellulose medium prior to the test of its decay capabili
ty. This acquired change, which may be a physiological 
change in the fungus. does not seem to be of a per
manent nature, because when the tests were carried 
out with the same fungal culture after it had been 
transferred to malt agar, similar features were not 
observed . Some of the types of decay observed in 
bo th birch and Scots pine were similar to the decay 
pattern by C.globosum described by Savory ( 1954a, 
1954b) and Corbett (1965) . The differences in the 
decay pattern in birch and Scots pine due to the 
difference in the timber structure and cell wall compo-
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Figure 11 

Cavities in pair in the 
S. layers of the adjacent 

tracheids of Scots pine. 
(Small black spots are 

due to dust particles in 
the Section). 

sition have been pointed out by several early authors. 
Not much is known on the difference in the decay 
pattern by a fungus in the same wood blocks when 
the fungus is preconditioned. Jt would be interesting 
to investigate the effect of preconditioning of fungi to 
different types of culture medium (with a stimulation 
of different enzyme systems), on the cell wall decompo
si tion by other soft-rot organisms. Thi might account 
for some of the diverse shapes of cavity described in 
the literatu re. 

Acknowledgement 

The authors wish to thank Mr. D . B. Fuller for h is 
suggestions, which st imulated this investigation, and 
also other colleagues for useful discussions. 



Short note on the effect of the culture medium on the pattern of decay by Chaetomium globosum in birch and Scots 
pine. A. K. Banerjee and J. F. Levy. 

References 

Abrams, E. (1948) Microbiological deterioration of 
organic materials: its prevention and method of 
tests. U.S. Dept. Comm. Nat. Bureau of Standards, 
Misc. Pub!. 188. 

Banerjee, A. K. and Levy, J. F. (1970). Unpublished 
data. 

Corbett, N. H. (1965) Micromorphological studies on 
the degradation of lignified cell walls by Ascomycetes 
and Fungi Imperfecti. J. Inst. Wood Sci., 3 (14), 
18-29. 

Courtois, H. (1963) Mikromorphologische Befall
symptome beim Holzabbau durch Moderfaulepilze. 
Holzforschung und Holzverwertung, 15 (5), 88-101. 

Findlay, G. W. D. and Levy, J. F. (1969) Scanning 
electron microscopy as an aid to the study of wood 
anatomy and decay. J. Inst. Wood Sc., 4 (23), 57-63. 

93 

Levy, J. F. (1965) The soft-rot fungi, their mode of 
action and significance in the degradation of wood. 
In Advances in Botanical Research, Academic Press 
London, 322-357. 

Liese, W. (1964) Uber den Abbau verholzter Zellwiinde 
durch Moderfaulepilze. Holz a/s Roft-und Werkstojf, 
22, 289-295. 

Liese, W. (1965) Mikromorphologische Veriinderungen 
beim Holzabbau durch Pilze. Holz und Organismen. 
Int. Symp. Berlin-Dahlem 1965, 1, 13-16. 

Savory, J. G. (1954a) Breakdown of timber by 
Ascomycetes and Fungi Imperfecti. Ann. appl. Bioi. 
41, 336-347. 

Savory, J. G. (1954b) Damage to wood caused by 
. micro-organisms., J. Appl. Bact., 17, 213-218. 

Savory, J. G. (1955) Role of microfungi in the de
composition of wood. Rec. Ann. Conv. B. W.P.A., 
3-19. 



. I 

~ 
J , 
~ 

'I 
I 
] 
I 

I 
I 

I 

. I 
• I 

r 
~ 

: I 
! 1 
! I 

~ 
I 
; 

II 

II 
I 

~ !l, 



: 

I 
I 
I 

I' 

Parvathappa, H. C., Poornima, P., Ragunathan, A. N. and Majumder, S. K. Int. Biodetn. Bull. 6 (3): 95-99, (1970). 
Physical and Biochemical Changes in Sorghum (Sorghum Vulgare). 

PHYSICAL AND BIOCHEMICAL CHANGES IN SORGHUM 
(SORGHUM VULGARE) 

H. C. Parvathappa1, P. Poornima', A. N. Ragunathan1 and S. K. Majumder 1 

Summary. Moisture and kernel damage are the two important 
physical criteria to be considered as standards for grain Sorghum. 
There is a significant relationship between the physical criteria 
and the biochemical changes occuring in sorghum grain. Mois
ture can be correlated with free fatty acids, fungi and apparent 
uric acid. Kernel damage can be correlated with the insect 
count and total uric acid. The results also indicated a high 
correlation between fungi and apparent uric acid like substances 
which arc positive to Benedict's reaction complex. 

Modifications physiques et biochimiques du Sorghum (Sorghum 
Vulgare). L'humidite et !'alteration du noyau sont les deux 
criteres physiques importants A prendre en consideration en 
tant que criteres standards pour Ia graine de Sorghum. II y a 
une relation significative entre les criteres physiques et les 
modifications biochimiqucs se produisant dans Ia graine de 
Sorghum. L'humidite peut Ctre mise en correlation avec les 
acides gras Jibres, les champignons et l'acide uriquc apparent, 
tandis que !'alteration du noyau peut Ctre mise en corrCiation 
avec le nombre d'insectes et J'acide urique total. Les Iisultats 
ont 6galement dCmontrC une correlation Clevee entre les cham~ 
pignons ct l'acide urique apparent en tant que substances 
donnant une Iiponsepositive 8 Ia Iiaction complexe de Benedict. 

Introduction 

The degradation of food grains in storage occurs 
mostly because of the activities of insects and fungi. 
Their activities bring about physical and biochemical 
changes. The previous workers have used the following 
criteria to decide the degree of biodeterioration; 
Christensen and Gordon (1948) suggested the index 
of deterioration as moisture; Venkata Rao eta/ (1959) 
as uric acid; Linko and Sogn (1960) as glutamic acid; 
Nicholson et a/ (1953) as kernel damage; Howe and 
Oxley (1944) as carbondioxide and Harris and Knudson 
(1948) as insect fragment count. Many of the para
meters which are measures of these changes in grains 
have not so far been applied for grading. The previous 
work by Venkata Rao et a/ (1960b, 1960c), Farn and 
Smith (1963) and Sen (1968) have indicated that there 
is a good agreement between degrees of insect in" 
festation and uric acid content of flour. 

The moisture content is important because it is a 
limiting factor on the activities of fungi and insects. 
It is not an index of the deterioration which has already 
occurred although it is used to define grades of cereal 
grains. Most of the other factors mentioned are 
measures of existing damage although some may also 
be used as predictors of future damage. 

The main objective of the present study was to 
apply the reported analytical criteria to throw light 
on the agency for deterioration. In the case of the 
deterioration of grain the main agencies are insects, 

Physiknlische Wid biochemische Veriinderungen an Sorghum 
(Sorghum mlgare), Feuchtigkeitsgehalt und Schiiden an 
Sorghum~Kom sind die heiden wichtigsten physikalischen 
Kriterien, die als Ma~stabe fUr die Bewertung von Sorghum
Kern in Betracht gezogen werden mUssen. Es besteht ein signifi· 
kanter Zusammenhang zwischen diesen physikalischen Merk
malen und den biochemischen Ver3.nderungen, die an Sorghum
Kern auftreten. Feuchtigkeit kann in Beziehung zu freien 
Fettsiiuren, Pitzen und dem Auftreten von Hamsfiure gesetzt 
werden. Die Schadigung von Kom hingegcn ist abh3ngig von 
der Anzahl der Insekten und der Gesamtmenge an Harnsiiure. 
Die Ergebnisse zeigten auch eine hohe Wechselbeziehung 
zwischen Pilzen und tats3.chlicher Hamsaure sowie Substanzen, 
die cine positive Benedict-Reaktion zeigten. 
Cambios fisicos y bioquimicos en el Sorghum (Sorghum vulgare). 
Como normas para el grana Sorghum hay que considerar Ia 
humedad y el dana a Ia pepita como los dos criterios fisicos 
importantes. Existe una relaci6n significante entre los critcrios 
ffsicos y los cambios bioquimicos que se verifican en el grano 
Sorghum. La humedad se t:uede poner en correlaci6n con los 
8cidos grasosos libres, los bongos y el Acido Urico aparente. El 
dana a Ia pepita se puede poner en correlaci6n con el mimero 
de los insectos y el cicido Urico total. Los resultados indicaron 
tambien wta alta correlaci6n entre los bongos y el 1\cido Urico 
aparente como las substancias que se muestran como positivas 
al complexo Benedict de reacci6n. 

fungi and moisture. The biodeterioration brought out 
by these agencies are shown in the values for free fat 
acidity, mould count, insect population, insect frag
ment count, kernel damage, frass contents and organo
leptic qualities. Out of these factors one might have 
the best correlationship with one of the analytical 
parameters. In the present study the relation between 
various factors involved in the deterioration and the 
analytical indices of the deterioration were studied on 
sorghum and the data presented in this communica~ion. 

Materials and Methods 

Sampling: Since this investigation did not envisage 
carrying out a survey of the existing status of degrada
tion of grain in storage but to obtain only correlation
ship, if any between the agency of damage and any 
analytical criterion, a part of the samples (ten samples) 
were collected from farmers' store houses and the 
remaining bulk of samples numbering 175, were 
collected from warehouses and markets without taking 
detailed data on the history of the samples. The 
samples collected from the warehouses were drawn 
from stocks stored in burlap bags. The storage period 
varied from 2 to 14 months. Samples were drawn 
with the grain sampler and immediately placed in 
polyethylene bags and sealed, each sample being 
alloted a reference number. The analysis of all the 
samples was completed within three weeks. For 
comparison a standard control sample of sorghum 
was kept in the laboratory after fumigation with 
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methyl bromide containing ethylene dibromide (I 0 %). 
The samples, including the laboratory control sample, 
were analysed for moisture content, insect count, 
kernel damage, frass, free fatty acid, viability, fungal 

count and total uric acid, apparent uric acid and true 
uric acid values by the methods described below. The 
frequency distribution for the above parameters of 
the samples are given in Table I. 

TABLE I 

Frequency distribution of the samples 

Moisture% Insect count/IOOg. Kernel damage % 

cb cf cb cf cb cf 

0 13 
7.0-8.0 4 1-8 52 0 17 
8.1-9.0 28 9-16 37 1-2 51 
9.1-10.0 77 17-24 29 3--4 45 

10.1-11.0 46 25-32 18 5-6 32 
11.1-12.0 22 33--40 18 7-8 27 
12.1-13.0 5 41--48 7 9-10 3 
13.1-14.0 3 11-12 3 

> 14.1 I >49 12 13-14 I 
15-16 3 

>17 4 

Frass % FFAmg KOH/100 g. Viability% 
cb cf cb cf cb cf 

0 15 10-30 17 0-20 3 
0.1-0.2 51 31-50 108 21--40 18 
0.3-0.4 86 51-70 50 41-60 75 
0.5-0.6 19 71-90 5 61-80 83 
0.7-0.8 9 91-100 3 81-100 7 
0.9-1.0 0 >110 3 

> 1.0 6 

Fungi 102/g URIC ACID mg/100 g 

cb cf cb Total cf Apparent cf True cf 

0 0 0 26 
1-30 94 0.1-1.0 0 3 120 

31-60 46 1.1-2.0 7 37 34 
61-90 10 2.1-3.0 63 108 2 
91-120 8 3.1--4.0 97 26 0 

121-150 13 4.1-5.0 6 2 I 
151-180 6 5.1-6.0 I I 0 
181-210 0 >6.1 12 9 3 

>211 9 

cb = Class boundaries 
cf = Class frequencies 

Analytical Methods 

Moisture content of grain was determined by finding 
the loss in weight after drying the grains at 105°C in 
an air oven till two consecutive weights agreed (for 
8 hrs.). Insect count was estimated by counting the 
number of adult insects in 100 g. material using ethyl 
ether as the anaesthetic and sieving out the insects 
from grains. Kernel damage was determined by 
counting the kernels having exit holes per 100 kernels. 
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Frass was estimated by sieving the grains on a 16 
mesh sieve and weighing the powdered material. The 
frass content has been expressed for 100 gms. of 
sample. Viability was determined by the method 
described by Linko and Sogn (1960). 

Chemical changes were measured on the ground 
sorghum and passing powdered sample through 40 
mesh sieve. Free fat acidity was determined by AACC 
method (!962). Since Benedict's reagent for uric acid 
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is non-specific, the total apparent and true uric acids 
were determined by adopting the method of Venkata 
Rao eta/ (1959, 1960a). 

Fungi were determined by the serial dilution method 
and by plating on Czapek's agar medium. The grain 
was ground aseptically in an electric sample grinder 
(Braun). The powdered grain, weighing 1 gm. was 
diluted with sterile distilled water yielding 1:100, 
1:10,000 dilutions. One mi. from each dilution was 
used in duplicate for estimating fungi. The average 
number of colonies were estimated. Organoleptic 

evaluation of grain was also carried out and grouped 
as good, fair and bad by taking into consideration 
smell, appearance and taste of the grains. 

All the samples were compared with the values 
obtained on the standard sorghum sample. The ranges 
of the values obtained on the samples are given in 
Table II. The data obtained in the present study were 
subjected to statistical analysis for obtaining the 
correlation coefficients between the associated factors. 
The results are presented in Table III. 

TABLE II 

Results of analysis: Range of values 

Per cent samples 
Particulars Maximum Minimum Mean below mean 

1. Moisture % 15.73 

2. Insect count 
No./100 g. 146 

3. Kernel damage % 60 

4. Frass % 24.5 

5. Free fatty acids 
(mg. KOHflOO g.) 162.5 

6. Total uric acid 
(mg./100 g.) 49.8 

7. Apparent uric acid 
(mg./100 g.) 44.45 

8. True uric acid 
(mg./100 g.) 9.9 

9. Viability% 95 

10. Fungi 102/g 766 

Results and Discussion 

Sitophilus oryzae was the only insect found in the 
samples analysed. The fungi isolated from the samples 
include Fusarium, Curvularia, Aspergillus and Rhizopus 
spp. More than 75 per cent of the samples were within 
the mean values for moisture content 11.4%; kernel 
damage 5%; frass 0.5%; free fatty acids 48 mg. 
KOH/100 gm.; total uric acid 4.4 mg./100 gm.; 
apparent uric acid 3.2 mg./100 gm.; true uric acid 
0.8 mg./100 gm.; fungi 5200/gm. These values for 
good sorghum kept in the laboratory were as follows: 
Moisture 8.4%; kernel damage 0%; frass 0.1 %; free 
fatty acid 30 mg/100 gm.; total uric acid 3.6 mg/100 
gm.; apparent uric acid 2.4 mg/100 gm.; true uric 
acid 1.2 mg/100 g.; fungi 0/gm. 
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7.25 11.4 92 

0 22 64 

0 5 77 

0 0.5 91 

20.0 48.2 75 

1.33 4.4 92 

1.00 3.2 89 

0 0.8 77 

0 53 52 

0 52 78 

The moisture content in the grain is an important 
factor as it initiates physiological and biochemical 
changes. The present study indicated that the relation
ship of moisture with both free fatty acids and apparent 
uric acid was highly significant and these variables 
increased with increase in moisture. Swason (1934) and 
Sorger Domenigg et a/ (1955) indicated that free fatty 
acid production increased with the increase in moisture. 
In the present study it was observed that the produc
tion of free fatty acid is accelerated in samples having 
moisture above 13 per cent. Since moisture is a very 
labile factor and does not remain constant, the cor
relationship between moisture content and fungal 
count was very low (r = 0.170). If however, the moist
ure content could be kept constant in a sample, the 
correlationship could be established during incubation 
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at room temperature. Fungi have shown high correla
tionship with the substances designated as Benedict's 
reaction complex such as apparent uric acids. Free 
fatty acids also showed high direct relationship. Among 
these factors which are parameters for degradation 
apparent uric acid showed high correlation (r = 
0.904) with fungal counts on Czapek's agar medium 
as compared to free fatty acid (r = 0.234). These 
results have significantly indicated that the total 
Benedict's reaction complex other than true uric acid 
can be used as a precise index of mould activity in 
grain. 

Insect count, with kernel damage and kernel damage 
with total uric acid were interrelated and showed high 
degree of correlation (Table III). The interrelationship 
of kernel damage with total uric acid can be taken 
advantage of in the case of grain sorghum by using the 
figures of kernel damage as an index of insect infesta
tion. In the absence of kernels, as in the milled product, 
uric acid estimation could give information on the 
pre-milling condition of insect infestation in food
grains. 

It was observed that between insect count and total 
uric acid, the relationship was erratic perhaps due to 
possible migration of adult insects after feeding. The 
total population might be a more reliable index as 

the immature stages such as larvae and pupae will 
not migrate from grains. Kernel damage gave a 
closer picture of the insect population as well as total 
uric acid production and organoleptic quality indica
ted that 78 per cent of the samples were fair to good. 
Most of the samples which were highly deteriorated (22 
per cent) were due to high moisture, fungi, insects 
and fatty acids developments. 

On the basis of the correlation coefficient values 
for the interrelated parameters of the degree of status 
of deterioration of sorghum, it is well brought out 
by the r values in Table Ill, that the best correlation
ship exists between fungal count and apparent uric 
acid content of the samples ( +0.904, 0.1 per cent 
significant). The next best degree of association is 
between total uric acid and apparent uric acid contents 
of samples ( +0.893, 0.1 per cent significant). Other 
varieties showed different degrees of association and 
statistical interaction by positive correlation co
efficients ranging from +0.170 to +0.549. From the 
results, it has been indicated that the best chemical 
index of fungal deterioration is reflected in apparent 
uric acid values as compared to other variates. The 
results of these analyses on samples demonstrated that 
the "apparent" uric acid or a part of Benedict's 
reaction complex indicated the degree of biodeteriora
tion of sorghum. 

TABLE III 

Correlation coefficient between associated factors 

Relationship between Correlation 
coefficient 

X y 'r' 

Moisture Free fatty acids 0.202** 
Moisture Fungi 0.170* 
Moisture Total uric acid 0.339*** 
Moisture Apparent uric acid 0.240** 
Moisture True uric acid 0.129 
Fungi Free fatty acids 0.234** 
Fungi Total uric acid 0.317*** 
Fungi Apparent uric acid 0.904*** 
Fungi True uric acid 0.069 
Insect count Kernel damage 0.549*** 
Insect count Total uric acid 0.127 
Kernel damage Total uric acid 0.489*** 
Total uric acid Apparent uric acid 0.893*** 

other pairs did not show any positive correlationship 

• 5 per cent significant 

** I per cent significant 

••• 0.1 per cent significant 
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SURVIVAL OF ASPERGILLUS NIGER SPORES IN V ARlO US 
RELATIVE HUMIDITY CONDITIONS AT 60°C. 

M. T. Bomar! 

Summary. The survival of spores of Aspergillus niger in con· 
ditions of very high relative humidities and a temperature of 
60°C was distinctly shortened and, at 100% R.H., the survival 
was in a range of less than 48 hours. After this time the germi
nation of spores was an isolated event and occurred only after 
a prolonged time of incubation. This effect decreased in the 
presence of nutrient compounds or with the decreasing of the 
humidity. 

La survivance de spores d' Aspergillus niger suh·ant des faux 
variCs d'humiditC relative a 60°C. La survivance de spores 
d'Aspergillus ni'ger a des taux d'hurniditC relative tres eteves et 
a une temperature de 60°C a ete considerablement rCduite et, 
a 100% H.R., Ia survivance s'observait dans un d61ai inferieur 
a 48 h. Au-deJa de ce temps, Ia germination des spores etait 
un cas isole et ne se produisait qu'au bout d'une p6riode d' 
incubation pro1ong6e. Cet effet allait en decroissant en presence 
de composes nutritifs ou avec Ia diminution du taux. d'humiditC. 

Introduction 
The reduction of the number of mold cells is one of 

the many problems in microbiodeterioration of organic 
materials, being usually solved by physical or chemical 
sterilization. This process is generally a very short 
time treatment under very drastic conditions for both 
the microorganisms and the materials. 

Microbial survival studies, however, indicate that 
sterilization can be obtained by less drastic methods. 
The practical advantage of these methods is a much 
better retention of the original quality of the materials. 
Bomar and Sobotkova (1966) have observed, that the 
exposure of dry spores of Aspergillus niger at a 
temperature of 60'C inhibits a little the speed of their 
germination. Even in high humidity conditions, 
depending on the time of exposure, this temperature 
can possess a sporocidal effect. On the basis of these 
results the "preclimatization" of samples or organic 
materials for determining the fungal resistance of 
plastics was recommended in 1967 (ISO-Tc 61). 

Materials and Methods 

I. Samples for sterilization 
Phenolformaldehyde resin plates (strips)-2 X ?em 
Polyvinylchloride (plasticized with 30% dibutylester 
sebacic acid) strips-2 x ?em 

2. Cleaning of the samples 
The strips were cleaned with 60% ethanol and dried 
at 38'C under vacuum in a sterile desiccator over 
night. 

3. Preparation of spore-suspension and inoculation of 
the strips. 
Strain Aspergillus niger No. 10/0U from the Collec-

Die Oberlebcnsdauer der Sporen von AsperKillus ni'ger bei ver
schiedencn Luftfeuchtigkeiten bei 60"C. Die Uberlebensdauer der 
Sporen von Aspergillus niger bei einer Temperatur von 60"C 
wurde unter sehr hohen Luftfeuchtigk:eiten erheblich vennindert. 
Bei einer rcl. Luftfeuchtigk:eit von 100% betrug die Oberle
benszeit nur noch knapp 48 Stunden. Nach dieser Zeit keimten 
nur noch vereinzelte Sporen und nur nach 13.ngeren lnkubations
zeiten. Diese Wirkung lie~ nach, wenn Niihrstoffc vorhanden 
waren oder weM die Luftfeuchtigkeit gesenkt wurde. 

Supervil:encia de las csporas de Aspergillus niger en diversas 
condiciones de humcdad relativa a los 60 grados C. Se abrevi6 
considerablemente Ia supervivencia de las esporas de Aspergillus 
niger en condiciones de humedad rclativa muy elevada y a una 
temperatura de 60 grados C. A 100% RH Ia supervivencia se 
revel6 como dentro de un periodo de menos de 48 horas. 
Dcspues de tal tiernpo Ja germinaci6n de las esporas era una 
cosa rarisirna y se verific6 s6Io despu6s de un periodo prolongado 
de incubaci6n. Este efecto se disminuy6 en presencia de cornpues· 
tos nutritivos o al disminuirse Ia humedad. 

tion of the Packaging Institute, Prague, was cultiva
ted on the slant Bacto-Malt extract Agar/Difco 
0112-02, at 30'C for 10 days in the tubes. The spores 
were transfered to sterilized tap water in the usual 
way. The number of spores in I mi. ranged between 
1-5 x 104. The inoculation of strips was made by 
use of a spray. After inoculation of the strip with 
0.5 mi. of the suspension each strip was dried at 
38'C in a desiccator over silica-gel. 

4. Experimental humidity conditions at 60°C 
Saturated salt solutions were used. Relative humid
ity conditions of approx. 60%, 80 %, 90% and 
100% were employed. 

5. Exposure of the samples to various temperature
humidity conditions. 
The cleaned and inoculated strips were transfered 
to sterile Petri dishes, which were exposed in 
desiccators to various temperature-humidity con
ditions. Time intervals of 0, 24, 48, 72 and 96 hours 
were chosen for analysis. 

6. Evaluation of survival 
The survival experiments were performed with 
Bacto-Malt-Extract Agar: the strips were placed 
on the agar surface in Petri dishes, covered with 
the same agar (cooled to 45'C) and immediately 
placed on a slanting desk; the layer of nutrient agar 
on the strips consequently being very thin. The 
Petri dishes with the strips were incubated at 30'C 
until a minimum of one conidia-producing colony 
was formed. 

Results and Discussion 
The spores of the mold Aspergillus niger appear to 

have an intermediate heat resistance between vegeta-

I Institut ftir Strahlentechnologie, Bundesforschungsanstalt ftir Lebensmittelfrischhaltung, 75 Karlsruhe, Enges
serstrasse 20, West Germany. 
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tive and sporulating bacteria. They require a dry 
temperature of 100 to 110 •c for 90 minutes for their 
destruction. Similar results were obtained by Perkins 
(1951), who found values of 110-ll5°C for the same 
heating time. 

In our experiments on the survival of spores of 
Aspergillus niger a temperature of 60°C was employed. 
The most important parameter in these experiments 
is the relative humidity. Bomar and Sobotkova (1966) 
demonstrated that a relative humidity of 100% during 
heat exposure at 60°C acted as a very efficient survival
reducing agent. However, at a relative humidity of 
10% no such effect could be found. To investigate 
the influence of the relative humidity between these 
limits experiments with relative humidities of 60, 80, 
90 and 100% were carried out. 

Although exposure to a temperature of 60°C at a 
relative humidity of 60% for 96 hours did not distinctly 
influence the germination of the spores (Table 1), 
exposure at higher humidities reduced the survival of 
the spores distinctly. The results in Table 2 show that 
by an increase of the relative humidity, the survival 
time of spores had decreased. The influence of high 
relative humidities was also found by Bomar (1961) 
in connection with the effect of antimicrobial treated 
paper on the survival of Escherichia coli, Bacillus 
subtilis and Aspergillus niger. Similar results were also 
obtained by Vesley, Smith and Haugen (1969) with 
Bacillus subtilis var. niger spores, However, only 
relative humidities below 50% were estimated. 

Table 1. Influence of a temperature of 60°C and 
0-10% relative humidity conditions on the 
spores of Aspergillus niger. 

Exposure Incubation at 30°C-days 
to 60°C-

days 1 2 3 4 5 6 7 

0 0 0 3 3 3 4 

1 0 0 3 3 3 3 

3 0 0 2 2 3 3 

6 0 0 2 2 2 2 

Notes: 

0- no growth 

2 - slight growth of the vegetative mycelium 

3 - development of the aerial mycelium 

8 

5 

5 

4 

3 

4 - development of the aerial mycelium and slight 
sporulation 

5 - normal growth with the full pigmentation of 
the conidia 
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Table 2. Survival of spores of Aspergillus niger (in %) 
after the exposure to a temperature of 60°C 
during relative humidity conditions of 60, 80, 
90 and 100%. 

Exposure relative humidity conditions - % 
to 6o•e-

hours 60 80 90 100 

0 100 100 100 100 

24 100 100 90 50 

48 100+ 95 60 0,1 

72 100+ 75+ 25 0,1 

96 100+ 60+ 10 0,1 

+ -determinated after a prolonged incubation 
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Figure 1 

Survival of Bacillus subtilis var. niger spores as a 
function of time for three relative humidity conditions 
at 60°C. 

Our results on B.subtilis with higher relative humidi
ties are graphically evaluated in Fig. 1. After 48 hours 
of exposure to conditions of 100% R.H. and 60°C 
the germination of spores occurred only exceptionally. 
The results indicate that the decreasing survival of 
Aspergillus niger spores in higher relative humidities 
could be caused by a higher water content in the cells, 
e.g. by the denaturation of proteins in the cell. 
Another possible explanation of this effect is the 
starvation of the cell to death, as the consequence of 
accelerated metabolism or unequivalent metabolism 

% RH 
% RE 
%RH 
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(the inhibition of the activity of some groups of 
enzymes). In Table 3 (Bomar and Sobotkova 1966) 
the results with spores of Aspergillus niger exposed 
to heat in malt extract agar are shown. The spores 
were first exposed in the medium to 60°C, followed by 

Table 3. Influence of a temperature of 60°C on the 
spores of Aspergillus niger in the malt extract 
agar (ca. 96% water content = 99-100% 
equilibrium v.h.) 

Exposure Incubation at 30°C-days 
60°C-

days I 2 3 4 5 6 7 8 

0 0 0 3 3 3 4 5 

I 0 0 0 0 2 3 4 

3 0 0 0 0 2 2 4 

6 0 0 0 0 0 0 0 

Notes: 
See Table I. 
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incubation at 30°C. In this table the germicidal effect 
of a temperature of 60°C is demonstrated, however 
the relative protective effect of the nutrient medium 
is markedly seen (comp. Table 2). 
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FALCONRY: A BIOLOGICAL METHOD OF CONTROL IN 
ACCIDENT PREVENTION 

A. D. Cooper!, Member, Institute of Environmental Sciences. 

Swrunary. A technique for the ecological control of bird hazards 
to aircraft by the introduction of a predatory species of bird 
has been devised and proved effective. 

"Fauconnerie": une methode biologique de controlc pour 
prCvenir leS accidents. Unc mCthode a CtC mise au point et 
s'est revelt!e efficace pour le contr<JIC Ccologique de l'attaque 
fortuite des avions par les oiseaux en introduisant une espece 
de rapaces. 

In April 1949, Gordon presented a very forward 
looking paper on the epidemiological approach to 
accidental injury. He considered this as an ecological 
problem on the basis that man's established and 
satisfactory adjustment to his environment leads to a 
situation called health, any significant disturbance of 
this balance being the basis for disease or injury. 

This discourse illustrated that the disturbance may 
occur either through a principle action of the agent 
because of host characteristics, or as a function of the 
environment, but more often through some combina
tion of all three, the fundamental factors in accident 
causation. 

He considered the environment as being composed 
of three major elements, the physical, biological and 
socio-economic. Here, in view of the trend of modern 
technology, a fourth could be added, the chemical 
environment. 

The biological environment is thought to have only 
a minor significance in accidental phenomena as 
compared to disease, but with the bird aircraft 
hazard, it has been long established that there is a 
biological factor or agency in accident causation. 
Since this hazard has been recognised internationally, 
control methods have been implemented within the 
air terminal environment, an area forming a natural 
habitat for many species of birds. The utilisation of 
various conservation techniques has met with some 
success, but these are often dictated by the species 
concerned. 

Recently, a technique has been developed, that 
shows a good measure of success. This is to apply 
some ecological control through the medium of 
introducing a predatory species of bird to the natural 
population within the particular eco-system. 

In 1967, the United States Air Force commissioned 
a study on the bird problem associated with their 
Torrejon Airforce Base in Spain, aimed at the seasonal 
migration of flocks of sison or little bustard (Otis 
tetrax), a species indiginous to the area. 

I 14, Marchmont Road, Birmingham, 9. England. 
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Falconry: Ein biologisches Verfnhren zur VerhUtung von UnfliUen. 
Es wurde ein Okologisches Verfahren zur Verhiitung von 
Gefahren flir Flugzeuge durch VOgel entwickelt, indem eine 
Raubvogelart eingeftihrt wurde, was sich als wirkungsvoii 
erwiesen hat. 
Halconeria: un metodo biol6gico de restriccl6n pam impedir 
los accidentcs. Se ha ideado y se ha probado como eficaz una 
tCcnica para Ia restricci6n ecol6gica de los riesgos a los aviones 
ofrecidos por los pAjaros por medio de Ia introducci6n de una 
espccie de pijaro de rapina. 

Pilot reports of incidents involving strikes, one 
costing $80,000, stimulated action to establish a 
control programme. Standard methods of control 
were not practicable owing to various political consider
ations regarding the host nation, and although the 
use of the falcon as a predatory method of control 
had been considered, adequate knowledge of the 
factors involved was limited. 

Dr. Felix Rodriguez de Ia Fuente, a leading Spanish 
naturalist and prominent authority on falconry, on 
hearing of the base's problem, offered his services to 
the Air Force and undertook to organise a programme 
of control. With the aid of a professional falconer 
and a complement of ten young falcons, he began a 
training schedule that resulted in the first operational 
flight of the falcons in July, 1968 under the code name 
'operation Behari'. 

The falcons (Falconidae) are fast flying, long winged 
birds of prey that take their quarry on the move, their 
flight characterised by powerful wing beats followed 
by long glides. 

Their use as a predator, predominently as a sport, 
was known in China in 2000 years sc, in Japan around 
600 years Be, and the earliest records of their activities 
can be found in the writings of Pliny and Aristotle. 

The most common of the family renowned since 
the days of hawking for its courage and power, is the 
Peregrine (Falco peregrinus), having sixteen known 
races and wide geographical distribution. Used pre
dominently in the Air Force programme, this free 
flying crow-sized bird is trained to circle overhead 
until sighting its prey, whence it swoops to the quarry, 
incapacitating the victim by the shock of its dive. 

A larger bird, the saker (Falco cherrug), one of 
the desert falcons, is also used to a lesser extent. 
This rather ferocious type will take on a quarry much 
larger than itself but has the disadvantage of lack of 
speed, making it less formidable to the faster flying 
sison. It flies only from the hand of the falconer to 
take its quarry in straight and level flight and is 
effective against slower flying birds such as the curlew, 
crow, and seagull. 
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The daily operations are conducted by the profes
sional falconer, with the aid of a trained dog. The 
latter is necessary as the sison shows itself to be most 
elusive and shrewd going to ground in areas of high 
or dense vegetation. On its release, the falcon instinc
tively circles upwards to around 500 feet while the 
falconer and dog flush the sison from its suspected 
sanctuary to a more susceptible area as prey for the 
well positioned falcon. 

Although successful catches are necessary to keep 
the falcon aggressive, numerous killings are not 
essential, as the mere presence of the predator dis
courages birds from using the area. The instinct of 
self preservation has reduced the sison population 
considerably over the period and the problem to that 
of almost negligeability. (See Appendix I). A measure 
of the effectiveness is that nine bird strikes were 
recorded in the year previous to the programme's adop
tion as compared to none reported since. (See Appen
dix 2). 

APPENDIX I 

TABULATION ON SIGHITNGS OF SISONS BEFORE AND AFTER OPERATION BEHAR! 

1967 1968 1969 1970 

JANUARY 467 9 II 

FEBRUARY 0 15 13 

MARCH 0 14 

APRIL 62 56 

MAY 47 26 

JUNE 116 22 

JULY NO COUNT 51 
OPERATION COMMENCES 

AUGUST 4781 

SEPTEMBER 9435 

OCTOBER 6320 

NOVEMBER 10415 

DECEMBER 2180 

This operation has proved so effective that the 
United States Air Force has entered into contracts to 
cover other bases within Europe, and the in United 
Kingdom alone, a contract worth £25,000 has been 
signed with a company formed by two professional 
falconers, Long Winged Limited, of Barton Seagrave, 
North Hants, to protect their facilities. 

There is every confidence that this technique will go 
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1095 55 

392 43 

321 83 

183 9 

42 2 

a long way to reducing this hazard and its economic 
implications, and to establish a biological method of 
control in accident prevention in addition to its 
biodeteriorative implications. 
Gordon, J. S. (1949). Epidemiology of Accidents. 

Amer. J. Pub. Health, 39, (15): 27-30. 
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APPENDIX 2 

REPORTED BIRD STRIKES PRIOR TO OPERATION BEHAR! AT TORREJON AIR BASE 

1967 

AUGUST 

SEPTEMBER 

OCTOBER 
~ 

NOVEMBER 

DECEMBER 

1968 

JANUARY 

FEBRUARY 

MARCH* 

APRIL 

MAY 

JUNE 

JULY 

AIRCRAFT TYPE FLIGHT PHASE DAMAGE 

KC135 TAKE-OFF NONE 

F!OO LANDING NONE 
FlOO TAKE-OFF FUSELAGE AND WINGS 

KC135 FINAL 2 ENGINES 
REPLACED 

F!OO 

NIL 

NIL 

FIOO 

FIOO 

NIL 

F86 
F86 

NIL 

NIL 

APPROACH ABORTED BENT SLAT 

TAKE-OFF 

TAKE-OFF 

LANDING 
LANDING 

DENT IN NOSE GEAR 

DENT LEFT FLAP 

AIR INTAKE 
DENTS IN L/EDGE 

OPERATION BEHAR! 
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GROWTH AND SURVIVAL OF ORGANISMS 
ISOLATED FROM HYDROCARBON FUEL SYSTEMS 

J. J. Cooney! and T. J. Kula2 

Summary. Thirty-three representatives of eight bacterial genera 
and six representatives of three fungal genera, isolated from 
hydrocarbon fuel systems. were examined for their ability to 
survive and grow in a fuel-aqueous salts system. Only five of 
the isolates, three strains of Pseudomonas aerugilzosa and two 
Hormodendrum (Cladosporium) spp., were capable of good 
growth and long-term survival. The 30 remaining bacterial 
isolates were placed in three groups: (i) those which showed an 
increase during the first 24 hours followed by a decrease to 
insignificant nwnbcrs (11 isolates), (ii) those which showed an 
inunediate decrease in viable cells leading to insignificant 
numbers of survivors (8 isolates), (iii) those in which at least 
1 % of the original number were present after 7 days. Eleven of 
the sixteen Bacillus spp. showed the latter response. Only the 
5 isolates capable of good growth are regarded as fuel utilizers. 
Organisms in group (i) are regarded as doubtful fuel utilizers, 
those in group (ii) as chance contaminants, and those in group 
(iii) as fuel survivors. Organisms in groups (i) and (iii) are 
considered most likely to participate in an ecological succession 
and organisms in group (ii) are considered least likely to partici· 
pate in such a succession. Failure of the majority of these 
isolates to survive emphasizes the need to use fuel utilizers 
when screening biocides proposed for usc in fuel systems. 

Croissance et survivance d'organismcs isoies a partir de 
systCmes de carburants a base d'hydrocarburc. En vue de leur 
possibilite de survivre et de croitrc dans un milieu de sels eau/ 
carburant, on a examine trente-trois rcprCsentants de huit 
espi!ces de bactCries et six reprCsentants de trois cspCccs de 
champignons, isoles de systemes de carburants a base d'hydro
carbure. Seuls cinq parmi ceux-ci-trois souches de Pseudomonas 
aeruginosa et deux souches de Hormodendrum (Cladosporium) 
spp.-se sont reveiCs capables de croitre normalement et de 
survivrc a long tenne. Les trente autres bacteries iso!Ces ant 
ete rf:parties en trois groupes: (i) celles qui montraient une 
croissance pendant lcs prcmiCres 24 heures, suivie d'une de
croissance aliant jusqu'il des nombres insignifiants (II), (ii) celles 
qui montraient une decroissance immediate dans les cellules 
viables ne laissant qu'un nombre insignifiant de survivants {8), 
(iii) celles pour lesque1les au mains 1% du nombre initial 
etaicnt encore prCsentes a pres 7 jours. Onze sur les seize Bacillus 
spp. ont agi de cette maniCre. Seules les cinq bactCries qui se 
d6ve1oppaient normalcmcnt ont CtC considerees consommatrices 
de carburant. Les organismes du groupe (i) sont peu probables 
consommateurs de carburant, ceux du groupe (ii) peuvcnt 
constituer une contamination possible ct ceux du groupe (iii) 
pcuvent survivre dans les carburants. Les organismes des 
groupes (i) et (ii) sont consideres les mieux aptes a participer 
a une succession c!cologique et ceux du groupe (iii) les moins 
aptcs a participer a une telle succession. L'Cchec de survie de Ia 
majoritC de ces isolats souligne Ia necessite de se servir de 
consommatcurs de carburant tors de Ia selection des biocides 
proposes pour lcs systemes de carburants. 

Introduction 
Microorganisms are recognized as participants in 

corrosion and other difficulties associated with fuel 

Wachstum und Obcrlebensdnucr l'OD Organismen, die aus Kohlen
wasserstoff-haltigcn Trcibstolfen isollert worden ·waren. 33 Vertre
ter von 8 Bakterien-Gattungen und 6 Vertreter von 3 Pilzgat
tungcn, die aus Kohlenwasserstoff-haltigen Treibstoffen isoliert 
worden warcn, worden auf ihre Fiihigkeit zum Dberleben und 
zur Entwicklung in cincm w3sserigen Treibstoff-Salz-System 
untersucht. Nur 5 der Isolierungcn, 3 Stiimme von Pseudomonas 
aeruginosa und 2 Hormodendron (Cladosporium) spp., konnten 
sich gut entwickeln und Hingere Zeit Ubcrleben. Die Ubrigen 
30 Bakterien worden in 3 Gruppen cingeteilt: (i) dicjcnigcn, die 
sich wfihrend der ersten 24 Stunden vermehrten und dann bis 
auf eine unbedeutende Zahl abnahmen (I 1 lsolierungen), (ii) 
diejcnigcn, bei denen die Zahl der lebensfiihigen Zellen sofort 
sank und nur wcnigc Dberlebende Ubrigblieben (8 Isolierungen), 
(iii) diejenigen, bci dencn mindestens noch 1 % der ursprUnglich 
vorhandenen Zahl nach 7 Tagen vorhanden war. 11 der 16 
Bacillus spp. verhielten sich so. Nur 5 Isolate, die sich gut 
entwickeln konnten, worden als Treibstoff-SchRdlinge angesehen. 
FUr Organismen der Gruppe (i) gilt die FRhigkeit zum Abbau 
von Treibstoffen als fraglich, Organismen der Gruppe (ii) 
werden als gelegentliche Verunreiniger angesehen und die der 
Gruppe (iii) als Treibstoff-Abbauer. Organismen der Gruppen 
(i) und (iii) nehmen wahrscheinlich an ciner Okologischen 
Sukzession teil, wohingegen das fUr Organismen dcr Gruppe 
(ii) unwahrscheinlich ist. Die Tatsache, da~ die Mehrzahl der 
Isolicrungen in dem Treibstoff nicht iiberleben konnte, unter
streicht die Notwendigkeit, nur Treibstoffverwertende Arten 
zur Priifung von Biociden auszuwahten, die fUr einen Schutz 
von Treibstoff-Systemen erwogen werden. 

El crecimiento y la supervivcncia de los orgnnismos nislados de 
los sistemas de pAbulo de hydrocarb6n (combustible de hydro
carb6n). Se examinaron treinta y tres representantes de ocho 
gCneros de bacterios y scis representantes de tres generos de 
bongo, aislados de sistemas de pcl.bulo de hydrocarb6n, para 
indagar su habilidad de sobrevivir y crecer en un sistema de 
sales de ptibulo acuoso. S6Io tres de los tipos aislados, trcs 
especies de Pse(tdomonas aeruginosa y dos de Hormodendrum 
(Cladosporium) spp se revelaron capaces de buen crecimiento 
y de supervivencia larga. Los demas treinta tipos aislados 
bactericos fueron colocados en tres grupos: 
(i) Los que mostraron durante las veinticuatro primeras horas 
un crecimiento seguido por una diminuci6n basta nllmeros 
insignificantes (once aislados). 
(ii) Los que mostraron una diminuci6n inmcdiata de las dlulas 
viables que result6 en un nllmero insignificante de sobrevivientes 
(ocho aislados). 
(iii) Los en los que al menos 1 % del nllmero inicial se hallaba 
presente despues de siete dias. 
Once de entre los dieciscis Bacillus spp mostraron Ia tercera 
reacci6n. S61o los cinco aislados capaces de buen crecimiento se 
consideran como tipos que utilizan cl plibulo. Los organismos 
en el grupo nllmero (i) se consideran como dudosos en cuanto 
alutilizarelptibulo,ylosdelgrupo (ii) como contamina dos por 
casualidad, y los del groupo (iii) comosobrevivientes de plibulo. 
Los organismos en los grupos (i) y (iii) se consideran como lm. 
mtis id6neos para participar de una sucesi6n ecol6gica, y los 
organismos del grupo (ii) se considcran como los menos id6neos 
para participar de tal sucesi6n. La incapacidad de lamayoriade 
estos aislados de sobrevivir subraya Ja neccsidad de emplear 
los utilizadorcs de plibulo al cribar los biocidas que se propane 
emplear en los sistemas de pAbulo (combustible). 

systems. Many types of microorganisms, including 
bacteria, yeasts and filamentous fungi, have been 
isolated from hydrocarbon systems (Bushnell and 

!Department of Biology, University of Dayton, Dayton, Ohio 45409, U.S.A. 
'Present address: Department of Microbiology, University of Kentucky, Lexington, Kentucky 40506, U.S.A. 
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Haas, 1941; Edmonds and Cooney, 1967; Engel and 
Swatek, 1966; Hedrick, Carroll, Owen and Pritchard, 
1963; Hedrick, Reynolds and Crum, 1968; Iizuka and 
Komagata, 1964; Leathen and Kinsel, 1963; Traxler, 
Proteau and Traxler, 1965; Zohell, 1946) but not all 
utilize hydrocarbons as sole carbon source for growth 
under laboratory conditions. Only 5 of 43 cultures 
which we isolated from hydrocarbon systems grew 
when inoculated into a hydrocarbon-aqueous salts 
system (Edmonds and Cooney, 1967). Some species 
which do not grow survive in such systems for weeks 
or months (Hedrick et a/., 1963, 1968). This raises the 
question whether organisms which do not grow on 
hydrocarbons are merely chance contaminants in such 
systems or whether they can play a role in the ecology 
of hydrocarbon systems. 

Most studies have been concerned with long term 
survival and have evaluated survival qualitatively but 
not quantitatively over a period of weeks or months. 
We therefore set out to quantify the response of pure 
cultures of fuel isolates in the first few days after they 
are placed in a hydrocarbon environment. 

Materials and Methods 

The test system was composed of a mineral salts 
solution (Bushnell and Haas, 1941) overlaid with 
filter-sterilized JP-4 jet fuel (mixed hydrocarbons) as 
described earlier (Edmonds and Cooney, 1967). The 
organisms tested included 39 of 43 isolates obtained 
upon examining 72 samples from jet aircraft fuel 
systems (Edmonds and Cooney, 1967). Bacterial cells 

(8 to 12-hr cultures) were washed from Trypticase 
Soy Agar slants (TSA) (Baltimore Biological Labora
tories) with sterile saline; 96-hr cultures of fungal 
spores and. mycelium were washed from Sabourad 
Dextrose Agar (Difco). Each cell suspension was 
washed three times with saline and adjusted to a 
turbidity of 85% using a Spectronic 20 colorimeter 
set at a wavelength of 420nm. Then O.lml of bacterial 
cells or l.Oml of fungal spores and mycelium was used 
to inoculate each system. 

Bacterial cultures were incubated at 37'C and 
fungal cultures at 26'C under static conditions. Bac
terial growth was assayed by the pour plate method 
using TSA. Samples were taken immediately after 
inoculation and at suitable intervals thereafter. Fungal 
growth was estimated by visual observations for 
development of a distinct mycelial mat, by increased 
turbidity when compared with a setrile control, or by 
dry weight determination. 

Results 

A significant number of viable cells was never 
recovered from the hydrocarbon phase of the static 
culture system employed. Viable counts therefore 
represent samples from the aqueous phase. 

Table 1 presents data from typical experiments 
testing the response of six gram•positive cocci. Three 
isolates, a Staphylococcus aureus and two strains of 
Sarcina j/ava, showed a two-to-five fold increase after 
24 hr; viable counts then decreased to insignificant 
numbers. The remaining gram-positive cocci, a 

TABLE I.-Response of gram-positive cocci in a fuel-salts system 

Colony forming units per ml obtained from 
Incubation 

time 
(days) 

0 

1 

2 

3 

7 

9 

11 

Staphylococcus Staphylococcus Sarcina j/ava Sarcina j/ava Sarcina j/ava 
aureus epidermidis 

(UD-1)• (UD-28) (UD-2) (UD-29) (UD-33) 

1.8 X !OS 1.8 X !OS 4.0 X 103 5.8 X !03 1.2 X 103 

8.0 X !OS 3.5 X !03 8.4 X !03 7.1 X 102 7.3 X !02 

1.4 X !OS 4.2 X 102 1.2 X 102 5.3 X !01 1.3 X !02 

7.0 X 103 3.3 X 101 1.3 X !02 TFTC TFTC 

4.5 X 101 TFTC TFTC TFTC TFTC 

TFTCb TFTC TFTC TFTC TFTC 

TFTC TFTC TFTC TFTC TFTC 

• In this Table and in subsequent tables the notation designates the isolate in the 
University of Dayton collection. 

b TFTC = Too few colonies to count (less than 30 colonies per plate from un
diluted sample). 
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Sarcina j/ava 

(UD-34) 

1.0 X 103 

5.4 X !03 

1.1 X !03 

6.7 X !01 

TFTC 

TFTC 

TFTC 
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Staphylococcus epidermidis and two strains of Sarcina 
jlava, showed a decrease to insignificant numbers 
without an initial increase. Only one of these six 
organisms, a Staphylococcus aureus, survived as long 
as 7 days, at which time cultures yielded less than 100 
viable cells per millilitre. In this and in subsequent 
experiments initial populations range from 6.0 x 102 

to 1.0 x 106 viable cells/mi. No correlation was noted 
between initial population and culture response. 

Of 22 gram-positive rods identified among fuel 
isolates two were Streptomyces spp. (Edmonds and 
Cooney, 1967) which did not grow on JP-4 fuel as 
sole source of organic carbon. In the present work no 
attempt was made to determine survival curves for 
these two isolates because difficulties were encountered 
in obtaining discrete colonies. The 20 remaining 
gram-positive rods were tested. Typical responses are 

summarized in Table 2. Two Brevibacterium spp. and 
an unidentified isolate (UD-4) decreased 10-to-30-
fold over a period of 2 days; thereafter only insig
nificant numbers were detected. Numbers of a second 
unidentified pigmented rod (UD•8) increased during 
the first 24 hr and then gradually decreased until 
insignificant numbers were detected after 9 days. Six
teen Bacillus spp. exhibited a variety of responses 
ranging from recovery of no viable cells when samples 
were plated within 10 min. after inoculation (UD-31) 
to a slight increase in viable cells over a period of 
7 days (UD-21). In some cases (UD-15, -5) there was 
an initial increase followed by a decrease. Among the 
16 Bacillus isolates tested, five showed insignificant 
numbers of viable cells after 7 days, five retained 
1-5% of the numbers obtained immediately afler 
inoculation, and six showed 10% or more of the 
original numbers. 

TABLE 2.-Response of gram-positive bacilli in a fuel-salts system 

Colony-forming units per ml obtained from 
Incu• 
bation Brevi- Unidenti- Unidenti- Bacillus Bacillus Bacillus Bacillus Bacillus 
time bacterium sp. lied a lied a sp. sp. sp. sp. sp. 

(days) (UD-6) (UD-4) (UD-8) (UD-31) (UD-10) (UD-15) (UD-13) (UD•5) 

0 7.7 X ]05 9.5 X 105 7.6 X 104 TFTC 1.4 X 103 4.6 X 103 4.2 X 104 7.9 X 104 

1 3.0 X ]04 1.1 X !05 1.8 X 105 TFTC 4.6 X 102 9.0 X !03 6.8 X 102 9.9 X 105 

2 2.0 X 104 8.3 X J04 3.2 X 103 TFTC 4.4 X JOI 1.1 X 102 8.2 X 102 1.0 X 104 

3 TFTCb TFTC 8.0 X !02 TFTC TFTC TFTC 4.2 X 102 6.3 X 103 

7 TFTC TFTC 4.4 X 102 TFTC 5.2 X 101 TFTC 1.9 X 102 4.0 X 103 

9 TFTC TFTC TFTC NT< TFTC NT NT 4.3 X 103 

11 TFTC TFTC TFTC NT TFTC NT NT 3.9 X 102 

a These isolates were suggested as intermediates related to the Arthrobacter 
Mycobacterium, Nocardia and Corynebacterium genera (Edmonds and Cooney, 1967). 

b TFTC = Too few colonies to count (less than 30 colonies per plate from undiluted 
sample). 

NT = Not tested. 

Seven gram-negative rods were tested. Responses 
are shown in Table 3. Three Here/lea spp. showed 
5-to-200•fold increases during the first 24 hr. followed 
by a decline in viable counts. Significant populations 
were detected for at least 3 days and sometimes longer. 
A Flavobacterium survived in significant numbers for 
only 24 hr. Three cultures of Pseudomonas aeruginosa 
achieved good growth in the test system, reaching 
maximum populations of 108 to J09 viable cells per 
mi. in 2 to 3 days. These three isolates have been 
maintained for 4 years by serial subculture at monthly 
intervals in this hydrocarbon-salts system. 

lll 

Qualitative estimates of growth of six fungal isolates 
are shown in Table 4. Neither visible mycelium nor 
increased turbidity was noted in cultures inoculated 
with the Penicillium or Rhodotorula spp. after 15 days 
incubation. A visible mycelial mat was first observed 
in the Hormodendrum cultures at 4 days. Growth 
continued until, after 15 days incubation, a heavy 
mat was present. After 15 days in the system maximum 
yields from the two Hormodendrum cultures were 
52.2 and 67.1 mg. dry weight, respectively, from the 
40•ml. aqueous phase. 

• 
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TABLE 3.-Response of gram-negative bacilli in a fuel-salts system 

Colony-forming units per ml obtained from 
Incubation 

time Here/lea sp. Here/lea sp. Here/lea sp. Flavo- Pseudomonas Pseudomonas Pseudomonas 
(days) bacterium sp. aeruginosa aeruginosa aeruginosa 

(UD-3) (UD-9) (UD-14) (UD-12) (UD-11) (UD-18) (UD-19) 

0 2.6 X 104 7.3 X [QS 1.0 X [06 5.4 X !OS 4.8 X 104 1.0 X 106 2.9 X [QS 

1 5.7 X 106 1.5 X [07 5.3 X [06 8.6 X !04 4.1 X [07 1.1 X 107 7.0 X [07 

2 1.0 X [06 2.1 X 104 5.4 X [QS TFTC 4.3 X [Q8 8.1 X 108 1.2 X 108 

3 1.8 X [OS NT 4.3 x 10s NT NT 1.2 X 109 3.1 X [07 

7 TFTC 7.0 X [03 NT TFTC 1.2 X 108 NT 1.7 X [08 

9 TFTC NT NT NT NT NT NT 

• 
11 TFTC NT NT NT NT NT NT 

TFTC = Too few to count (less than 30 per colonies per plate). 
NT = Not Tested. 

TABLE 4-Response of fungal cultnres in a hydrocarbon-salts system 

Incubation Penicillium spp. Rhodotoru/a spp. Hormodendrum spp. 
time (UD-35) (UD-36) (UD-37) (UD-41) (UD-42) (UD-43) 

(days) 

0 0 0 0 0 0 0 

4 0 0 0 0 + + 
10 0 0 0 0 ++ ++ 
15 0 0 0 0 +++ +++ 

0 = No growth, + = slight growth, ++ =good growth, +++ = heavy growth. 

All cultures that showed no growth were subcultured 
in identical systems, but similar results were obtained 
from each experiment. Viable cell counts from bacterial 
cultures were low or not detectable and fungal cultures 
showed no growth when compared with uninoculated 
systems of the same composition. 

Discussion 

Thirty-nine representatives of eight bacterial and 
three fungal genera were examined. Five of these 
isolates, three strains of Pseudomonas aeruginosa and 
two strains of Hormodendrum (Cladosporium), were 
capable of good growth and long-term survival in a 
hydrocarbon-aqueous salts system. Representatives of 
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these two genera comprise the bulk of hydrocarbon
utilizing organisms isolated from jet fuel systems 
(Cockey et a/., 1964; Hedrick et a/., 1963; Leathen 
and Kinsel, 1963). 

In a long term survival study, Hedrick et a/. (1968) 
tested pure cultures of 71 isolates from hydrocarbon 
fuel systems. After eight weeks 75% of the isolates 
were viable in a fuel-salts environment and 54% were 
viable in a fuel-deionized water environment. Nineteen 
of the isolates were used in a quantitative study of 
survival. Viable counts were determined at 2-week 
intervals for 12 weeks. Seventeen isolates showed 
greater survival in water alone than in a fuel-water 
system. In seven survival curves shown, a decrease of 
at least ten-fold was noted in a fuel-water system, but 
shorHerm responses were not shown. 
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In the present study, the 30 bacterial cultures which 
exhibited decreased viable counts upon incubation were 
placed in three groups (Fig. I): (i) those which showed 
an increase in viable cells during the first 24 hr. 
followed by a decrease to insignificant numbers, 
(ii) those which showed an immediate decrease in 
viable cells leading to insignificant numbers, and 
(iii) those which showed a gradual decrease in viable 
cells leading to recovery of a significant fraction (1% 
or more) of the original inoculum. The initial increase 
shown by the first group may represent growth on 
endogenous reserves. In the latter case, as with the 
results of Hedrick, Reynolds and Crum (1968), the data 
do not permit distinction between survival ofthe original 
inoculum, and cell death accompanied by a slow rate 
of growth or by cryptic growth (Postgate, 1967). Each 
isolate was tested only in pure culture. It is possible 
that two or more organisms that did not multiply 
or even survive in pure culture, may enter a symbiotic 
relationship when in mixed culture. Hedrick et a/. 
(1963) recovered an aluminium corrosion organism 
from a hydrocarbon system for only 21 days after it 
was inoculated as a pure culture. When tested as a 
member of a mixed population the organism was 

8 
Time (days) 

Figure 1 

Typical response patterns of organisms which did not 
multiply in a hydrocarbon-aqueous salts medium. 
Circles, squares and triangles represent groups (i), 
(ii), (iii) respectively, as discussed in the text. 
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recovered after 126 days. Cockey eta/. {1964) reported 
that in some JP4 fuel water bottoms Pseudomonas 
species were succeeded by Aerobacter aerogenes 
which was followed by Serratia marcescans. 

The characteristic ability of hydrocarbon-utilizing 
organisms appears to be associated with initial 
oxygenation of the ·hydrocarbon molecule (McKenna 
and Kallio, 1965; Casida, (1968). Many organisms can 
attack the oxygenated products. Thus, in mixed cultures, 
growth of non-hydrocarbon-utilizers may prepare the 
environment for survival or growth of non-hydro
carbon-utilizers. Organisms which show an initial 
increase (Fig. 1, group (i) ) or which survive in sig
nificant numbers (group (iii) ) are likely candidates 
for such a response. Microbial contamination of 
hydrocarbon fuel systems undoubtedly involves a 
small number of organisms gaining access to a large 
volume of fuel and finding their way to the water 
bottom. Those organisms in group (ii) are not con
sidered likely participants in such successions; while 
those in groups (i) and (iii) are regarded as potential 
successors, but not initiators, of an ecological sequence. 
Moreover, G. L. Hartman in our laboratory performed 
several experiments in which a fuel-using Pseudomonas 
was grown in the fuel/salts system. Pseudomonas cells 
were then replaced with cells of one of the organisms 
in group {iii). In the three organisms examined no 
increase in survival was noted. 

Recovery of significant numbers of several Bacillus 
spp. over the 7 to 11-day period of the present study 
may be related to the organisms' ability to form 
spores. Although inocula were taken from 8 to 12-hr 
cultures the hydrocarbon system may have supported 
sporulation particularly if supplemented by lytic pro
ducts. If spores can survive in fuel systems it may 
explain why Bacillus spp. are isolated so frequently from 
hydrocarbon systems. Hedrick et a/. (1963) recovered 
viable B. cereus and B. sub tills from a fuel system after 
105 and 126 days, respectively, but they did not indicate 
whether the inocula or survivors represented spores 
or vegetative cells. A number of Bacillus isolates 
have been reported which use hydrocarbons and grow 
well on kerosene fuels (Engel and Swatek, 1966, 1968). 

Failure of the majority of these fuel isolates to 
survive when placed in a fuel environment also suggests 
that a number of organisms isolated from hydrocarbon 
system may represent chance contaminants introduced 
through inadequate field sampling techniques. The 
data argue for use of hydrocarbon users when evaluat
ing microbial inhibitors for use in hydrocarbon 
systems, as proposed by the Committee on Deterior
ation of Fuels of the Society for Industrial Micro
biology (Soc. Ind. Microbiol., 1966). 

The fact that some isolates from hydrocarbon 
systems may be fortuitous contaminants is not 
surprising. It emphasizes that among "fuel isolates" 
there is need to distinguish "fuel utilizers", ufuel 
survivors" (e.g. response (iii) ) which may or may 
not utilize hydrocarbons, and organisms which are 
probably not contributors to biological deterioration 
of fuels or their containers. 
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A NEW PERFUSION TECHNIQUE FOR RAPID INITIAL 
SCREENING OF BIOCIDALLY PROTECTED MATERIALS 

D. Allsopp.! H . 0 . W. Egginsl a nd J. David.2 

Summar~ . A system whereby liquid nu trients arc perfused 
s imultaneously through several material samples (in this case 
btocidally treated cotton textiles) has been devised. After 
inocu lation wit h a fungu~ an indication of the bioctdal acti vit y 
o f compounds previously applied to the texti le samples was 
obtained by measuremen t of the spread o f the t.:olony a long the 
~ trips . Liberat io n of pigment and sporulation of the fung us 
was abo obsened. 

Une nounllc technique lie perfusion pour Ia r lt>etion initia te 
rapide des materiaux protC1;L-s par lcs biocides. Un systcme a 
etc llllS au potnt pour in)et:ter ~ imultanement des Jiquidcs 
nutrit ifs a plusteurs echantillons dt: matcriaux (dans ce cas 
pr.:cis. du tissu de coton tra itc par lcs b im:ides). Apres inocula· 
tion de champignons. on a pu verifier r activitc biocide dt:s 
co mposes. don i lt:s cchantillons de tissu avaicnt etc prca lablemcnt 
impregnes. en mesurant J'etendue de Ia colonic le long de~ 
bandes. On a egalemcnt ob;erve Ia liberat ion du ptgment et 
de Ia sporulation du champignon. 

Introduction 

An impor ta nt problem in the bio logical testing o f 
materials is provid ing a consta nt envi ro nment under 
which the a ttack by microorgan ism on materia ls can 
q uickly a nd easily be observed and compared. Th is 
technique provides a means whereby three material 
specimens can be ~ubjcctcd to biological stress under 
ident ical cond it io ns, a nd a rap id indication of the 
organ ism's ability to mainta in surface growth, libera te 
pig men t, sporula te or perfo rm other bio logical acti vity 
can be o btai ned and co mpared with co ntrols. 

Method 

Perfusion kits were dC!>1gned and made up (Eggin , 
Malik and Sharp, 1968), (see Figure I and Pla te I). 
The perfusion beds were cut from gla s fibre tape 
and edged with silicone rubber ad hesive. Th is edging 
serves to prevent fraying and also to ra ise the bed fro m 
the surface o f the bottom valve of the petri d ish. thus 
avoiding cross flow of metabol ites o r other ~u bstances 
libera ted and carried in the nutrient flow fro m text ile 
st rips under test. The portion of the tape ca rrying 
nutrient solution from the reservoir to the petr i dish 
was cased in "Layfl at" tubing to prevent contamina· 
tion from the a tmosphere. 

Strips of textile were cut and fas tened to the per
fusion bed by small pots o f silicone rubber adhesive 
a t the corners. After a sernbly of the ki t, the re enoirs 
were fil led two th irds full with Eggin a nd Pugh 
Sa lts solut ion (Eggi ns and Pugh, 1962). microscope 
slides bcmg laid across the perfusio n beds to p revent 
buckling during sterilisat io n ; the entire closed assem· 
b lies were autoclavcd a t 15 p.s.i. fo r 15 mmutes. 

Ein neues Durchtriinkung.'werfahrcn 7.Ur schnellcn VorprUfung ,·on 
Matcrialien, die mit Biocidcn bch~ndclt sind. ts wurde ein 
Verfahren entwickclt, nach dcm verschicdcne Ma tcrialproben 
gleichzcitig mil flii ssigen iihrstotfen getranktwurden (in 
d iesem Fa ll Baumwoll textilicn, d ie mit lliociden bchandelt 
worden waren). Nachdem die Pil7c aufgt:impft worden waren, 
"urde die biocide Wirksamkctt der vorher aufgebrachten 
SchutzstofTe an der Ausbreitung dcr Ko lonie entlang den 
Te" t i l~treifen gemes~en. Farbiinderungen durch den Pit.~: und 
Sporcnbildung wurden auch beobaehtet. 
L.na nocm tccnica de pcrfu~ion para cribar inieialmente de prisa 
las ma terias protegidas hioacillamcnte. Se ha ideado un stslema 
por el que los ltqu idos nutritivos se perfunden por varias 
mucstras de materias {en estc cttso tejidos de algod6n tratados 
b ioacidamente) al mismo tiempo. Despues de hecha una 
inoculaci6 n con hongos, un ind icia de Ia actividad b ioacida de 
compuestos previamente aplicados a las mueslras de los tejidos 
sc obtuvo, midiendo Ia extensi6n de Ia coloma a lo largo de los 
listoncs. Se obscrv6 tambien Ia liberaei6n de los pigmentos y Ia 
csporulaet6n de los ho ngos. 

Plate J 

A completed perfusion kit in use. (Multi-perfusion 
assembly) 

1Biodeteriorat ion Informatio n Centre. U niversity o f Asto n, 80 Coleshill St reet. Bi rmingham, England, B4 7PF. 
2Cato mance Ltd., 94, Bridge Road East. Welwyn Garden City. Hertfordsh ire. E ngland. 
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Plate 2 
Photograph of perfusion bed, showing different 
amounts o f growth of Chaetomium globosum on 
text ile strip with different biocide treatments. 

After cooling. the strips were inoculated with the 
same test o rgani m. in thi case Chaetomium glohosum. 
Inocu la were cut from the edge of a single t:olony 
using a stt:nle 6mm. diameter punch. These di~cs of 
agar were placed mycelium downwa rds on the textile 
strips. in the posit ion ind icated in Figure I. T h is 
posi tion is not central, as experience ha!> shown that 
the colony tends to grow in the direction of fresh 
nutrients. and so a llowance is made for this factor. 
The perfusion kits were incubated at 25 C and 
cxammed at intervals. Growth of the t:olony was 
measured by observat ion under a low power binocular 
microscope. The maximum distance \\ hich hyphae 
had g rown at any poinL along the length of the ~tr ip 
wa-. noted. A~ the texti les had a fine and con~tant 
weave, measurement was greatly facilitated by using 
the thread as a measure. In this experiment. three 
diOerent biocide treatments were compared with un
treated lt:xll lt:. and a ·~tandard' biocide who\c activity 
is well known. 

In each kit was one strip of untreated textile, one 
treated with the 'standard' biocide and one strip 
treated w ith a biocide of unknown activ ity. T hree 
kits for each of the biocides o f unknown activity were 
made up. Measurements were p lotted against time. 
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It can be seen from the graph that the untreated 
contro l strips. U I, U2 and U3 suppo rted fungal 
growth to s1mtlar degrees. On ly o ne biocidally
trea ted strip. treatment PI. upported growth; the 
rest. P2. P3 and the 'standard· biocide M wmpletcly 
inh1bited any growth. T he ra te of growth on stnp PI 
"'a:. le~~ than half that of the controls. T he experiment 
was concluded when the colonies o n the control strips 
had almost covered thl.! total length of the strips after 
nine days of incubat ion. 

Discussion 

As th is experiment was designed to demonstrate a 
tcchni4uc it is not propo cd to discu s the effects of 
the particular biocide employed. Fungal growth on a 
texti le buried in soi l or endmt:d in a petri di h has the 
disadvantages of being non-oh~ervablt: or erratic. 
When a textile is perfused however, growth 1s sufficient
ly even to hi! obsened and rnea~ured. Although 
colony size is no indication of the degree of breakdown 
of the material under test. th1::. techni4ue prm ides a 
simple. quick means whereby a material can be 
subjected to b1ological stress. and where the material's 
abi lity to support surface growth or induce liberat io n 
of p igment can be rapidly assessed; thesl.! latter poin ts 
are of great intcrl.!st in biodeterioration studies. 

The techn ique also provides a means whereby 
organisms can be cultured on a materia l, where 
sample~ of deteriorated materials produced under 
identical conditions can be obtained at intervals. 
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Graph of colony size (distance grown along strip) plotted against time. 
Ul, U2, U3 = Untreated textile control strips. 

M, PI, P2, P3 = Textile strips treated with various biocides. 

Perfusion techniques are particularly applicable to 
biocide treatment studies, as the constant supply of 
fresh nutrients and the constant removal of metabolites 
enables testing to continue under standardised con
ditions for much longer than in agar plate methods. 
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THE BIODETERIORATION OF POLYURETHANE 
BY MARINE FUNGI 

E. B. Gareth Jones! and T. Le Campion-Alsumard2 

Summary. Fungal growth of Coro/lospora maritima, Hali'gena 
unicaudata, Lulworthia purpurea (Ascomycetes) and Zalerion 
maritima (Fungi lmperfecti), is a cause of degradation of 
polyurethane submerged for up to four years in the sea off 
Nice, at depths of 47-537 metres. The panels were also attacked 
by a bacterium which stained the polyurethane a salmon pink 
colour. 

I.a deterioration biologique du polyurethane par les champignons 
marins. La croissance fongique de Corollospora maritima, 
Haligena unicaudata, Lulworthia purpurea (Ascomycetes) et 
Zalerion maritima (Fungi lmpcrfecti) est Ia cause de Ia dCgra
dation de polyurethane immerge pendant quatre ans dans Ia 
baie de Nice a des profondeurs variant entre 47 et 537 metres. 
Les panneaux ont egalernent ete attaques par une bact6rie qui 
a colore le polyurethane en rose saumon. 

Introduction 

Recent research work suggests that polyester based 
polyurethanes are more susceptible to fungus attack 
than other types of polyurethanes (Darby and Kaplan, 
1968; Evans and Levisohn, 1968; Hedrick and Crum, 
1968; Kaplan et a/. 1968 and Cooney, 1969). 

Little is known of the effect of micro-organisms on 
polyurethane coatings submerged in the sea. Muraoka 
(1969) reports no visible deterioration of polyurethane 
foam at depths of 2,370 feet to 5,300 feet. 

While BeHan-Santini eta/. (1970) were investigating 
the fouling of plates immersed at different depths in 
the sea off Nice, it became apparent that the polyure
thane coating (covering the metal plate) was degraded 
by micro-organisms. Details of the methods and 
materials used are given by BeHan-Santini eta/. (1970) 
and Figure 4, shows a metal basket with support 
cables, the four horizontal panels (rilsan, polyurethane, 
polyester laminated glass and epoxy resin coated with 
blue antifouling paint) in their creosoted wooden 
frame and a part of the vertical rilsan plate (arrowed). 

Each polyurethane covered panel was examined with 
a low power binocular microscope and fructifications 
marked. Scrapings of the polyurethane were made 
and examined under the high power of a microscope. 
It was not possible to isolate these fungi as the panels 
were pickled in formalin as soon as they were removed 
from the sea, in order to preserve the fouling organisms. 

Description of deteriorated material 

Figure 1 shows that 70% of the surface of the 
polyurethane has been colonised by micro-organisms. 
The salmon pink areas are due to the presence of a 
bacterium, while the white areas with black markings 

Die mikrobiologiscbe Zerstiinmg von Polyurethan durch Meeres
pilze. Pilzwachstum von Corollospora maritima, Haligena uni· 
caudata, Lulworthia purpurae (Ascomycetes) und Zalerion 
maritima (Fungi Imperfecti) war die Ursache der ZerstOrung 
von Polyurethan, das bis zu 4 Jahren im Meer bei Nizza in 
einer Tiefe von 47-537 m bing. Die Platten wurden auch von 
einerBakterienart angegriffen, welche die Farbe des Polyurethans 
in lachsrosa veriinderte. 

La biodeterioraci6n del polyurethane, por los bongos marinos. 
El crecimiento fungoso de Coro/lospora maritima, Haligena 
unicaudata, Lulworthia purpurea (Ascomycetes) y Zalerion 
maritima (Fungi lmpcrfccti) sc rcvela como causa de Ia degrada
ci6n del polyurethane sumergido durante basta cuatro 
anos en el mar cerca de Niza a una profundidad de 47-537 
metros. Las lAminas fueron tambi6n atacadas par un bacteria 
que tin6 el polyurethane para darle un color rosado de salm6n. 

(perithecia) are caused by the fungi. Colonisation 
occurs along the margin of the panels (Figures 1 and 2) 
and also from the centre (Figures 1, 2 and 5). Discrete 
round colonies first of all appear and these eventually 
fuse to form larger patches. 

The corrosion of the polyurethane may be purely 
mechanical and it may be chemical or both. It was not 
possible in this study to undertake a chemical investi
gation of the polyurethane. The polyurethane layer 
was 3 mm deep and fungal mycelium was found to a 
depth of 1 mm within the polyurethane, often causing 
the substrate to swell and tear. This mycelium contains 
many chlamydospores. The perithecia, at first located 
within the polyurethane (Figures 6 and 9), rapidly 
increase in volume, and cause the polyurethane to 
tear. As the perithecia become superficial polyurethane 
fragments fall off (Figure 8). 

Four fungi were found growing on the polyurethane. 
Three were Pyrenomycetes {Ascomycetes) and their 
growth on the polyurethane is shown in Figures 6-9. 

Haligena unicaudata forms discrete colonies and the 
perithecia can be seen as growth rings (arrowed
Figure 2), the more mature being at the centre of the 
colony. Each perithecium develops independently of 
the next and as they are so large they cause consider
able fragmentation of the polyurethane as they break 
through the surface layers {Figure 8). 

In Lulworthia purpurea the perithecia tend· to be 
aggregated (Figure 6), the necks breaking through the 
polyurethane together. This gives it a stromatic 
appearance. Obviously, penetration of the surface 
polyurethane by the necks is greater when the perithe
cia develop in a mass. This method causes fragmenta
tion of the polyurethane and the perithecia become 
superficial and develop long necks. 

!Department of Biological Sciences, Portsmouth Polytechnic, England. 
2Station Marine D'Endoume et Centre D'Oceanographie, Marseille 7', France. 
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Corol/ospora maritima differs from the other two in 
tending to form superficial perithecia (Figure 7). This 
fungus does not cause extensive fragmentation of the 
polyurethane. 

Zalerion maritima was found only on four panels. 
Many marine hyphomycetes require a period of 
incubation before they sporulate and Z.maritima may 
have been present as mycelium on other panels. 

Fungi growing on the polyurethane plates 

Four fungi were found growing on the polyurethane 
coatings and they are listed in Table I. Three of these 
fungi; Zalerion maritima, Corollospora maritima and 
Lulworthia purpurea; are frequently found on timber 
submerged in the sea (Jones, 1968). The fourth is a new 
species, Haligena unicaudata(Jones and.Le Campion
Aisumard 1970). 

TABLE 1.-Marine fungi present on polyurethane covered panels submerged in the sea at Nice • 

Fungus Number of times present on the panels 

Test I Test 2 Test3 Test4 Total 
(3 panels) (3 panels) (12 panels) (8 panels) panels 

Upper Lower Upper 

FUNGI IMPERFECT! 

Zalerion maritima 2 - -
ASCOMYCETES 

Corollospora maritima 2 - -

Haligena unicaudata - - 2 

Lulworthia purpurea I - -

Number of fungi 
present on the panels 5 

Number of panels 
attacked 3 

Figure l 

Lower side of a polyurethane panel submerged at 
380m. for 3 years 8 months, mounted in creosoted 
wooden frame, with fouling organisms removed and 
showing attack by bacteria (pink area-B) and fungi 
(white and black areas-F). The polyurethane is pale 
green in colour (P). ( x :\). 

Figure2 

Lower side of a panel submerged for 3 years 8 months 
at a depth of 430m. Arrows indicate "growth rings" 
of the fungus Haligena unicaudata. ( x :\). 

(26) 

Lower Upper Lower Upper Lower No. times 

. 

4 

3 

recorded 

- I - I - 4 

- I - 2 I 5 

2 

2 

5 5 5 2 12 

2 I I 2 8 

9 11 29 

11 8 25 

Figure 3 
Upper side of the panel submerged at430m. for 3 years 
8 months ( x :\). 

Figure4 
One basket on removal from the sea showing slight 
fouling by Hydroids, Serpulids and Tunicates. The 
panels are arranged, horizontal: A, rilsan; B, epoxy 
resin with blue antifouling paint; C, polyurethane and 
D, polyester laminated glass. Vertical panel: rilsan 
(arrowed). 

FigureS 
Close up of the polyurethane surface (P) showing the 
presence of bacteria (B) and fungi (F). (X 2). 
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All but one of the panels were attacked by marine 
fungi, 76% with mature fruiting structures present. 
The upper surfaces of the panels were more heavily 
attacked than the lower. The most frequent species 
on the panels was H.unicaudata (46 %), while Zalerion 
maritima was the least common (15 %). 

Table 2 presents data on the occurrence of these 
fungi with depth. The most superficial fungus appears 
to be Z.maritima, not found on panels submerged 
below 126m. C.maritima extends to a depth of 280m. 
and L.purpurea down to 380m. H.unicaudata was 

found from 130m. to 437m., while the bacterium 
causing a rose salmon colouration of the panels, 
extends from 210m. to 537m. It would therefore appear 
that spores of marine fungi are well distributed in sea 
water, down to a depth of 400 metres. Apart from the 
work of Kohlmeyer (1968, 1969) nothing is known 
of the distribution of marine fungi at depths. 
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TABLE 2.-Distribution of marine fungi with depth 

Depth Zalerion Corollospora 
(m) maritima maritima 

47 
67 

-80 + 
86 + 
87 + + 

106 + 
126 + + 
127 
130 
134 
180 + 
187 
210 
230 
237 
280 + 
287 
330 
337 
380 
387 
430 
437 
487 
537 

Total 4 5 

Figure6 

Perithecia of Lulworthia purpurea, in groups (arrowed) 
emerging from the polyurethane, ( x 6). 

Figure? 

Superficial perithecia of Corol/ospora maritima. (X 8). 

FigureS 

Close up of a perithecium of Haligena unicaudata, 
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Lulworthia Haligena 
purpurea unicaudata Bacterium 
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+ 
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+ + 
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+2 + 
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8 12 9 

showing neck and fragments of polyurethane pushed 
to one side (arrowed) (X 100). 

Figure9 
Perithecia of Haligena unicaudata breaking through 
the polyurethane ( x 8). 

Figure 10 
Conidia of Zalerion maritima the only Hyphomycete 
found growing on the polyurethane panels. (X 1,200). 
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BOOK 

FOOD BORN INFECTIONS AND 
INTOXICATIONS 
Edited by Hans Rieman 
Academic Press, New York, 1969. xxviii + 698 pp. 
Price $28.00. 

This volume is No. 5 of a series of monographs on 
Food Science and Technology and it is an outstanding 
contribution to the literature on Food Microbiology. 
The book is both comprehensive in its coverage and 
authoritative in terms of the reputations of its several 
authors. The approach is critical, yet integrative, and 
the editor is to be congratulated on producing a well 
presented book with a reasonably unified style. 

The book has been organized in three sections: 
(I) Food-borne Infections (2) Intoxications of micro
bial origin and (3) Miscellaneous, the latter section 
including chapters on Laboratory Methods for the 
examination of foods for causative organisms, Food 
Processing and Preservation (in relation to these 
infections and intoxications) and Poisonous Plants and 
Animals. 

Part I starts with a chapter on Salmonella and 
Arizona Infections by J. Taylor and J. H. McCoy. 
After an introduction on the taxonomic relationship 
of salmonellae to other members of the Enterobacte
riaece the authors discuss comprehensively the question 
of human salmonellosis in relation to food and non
food animal infections. The role of salmonellae in 
animal feeds and the means for their control and 
prevention is critically reviewed as also is the question 
of food vectors in the transfer of salmonellae from 
animals to man. 

Viral Infections by D. 0. Cliver is probably the first 
comprehensive review of the literature on food,borne 
viral infections. The types and properties of animal 
viruses is discussed as also are the non-viral agents 
bedsonia and rikettsia which are in some respects 
similar to viruses. Consideration of the epidemiological 
aspects of virology is followed by a: detailed review 
of viruses associated with food, the mechanisms of 
contamination of foods including the problem of 
human carriers and faecal pollution, and the effects of 
processing and preservation on the survival of viruses 
in food. The chapter concludes with a section on the 
detection and identification of viruses in foods. 

Halophilic Vibrio Infections by R. Sakazaki considers 
the historical, bacteriological, ecological and epi
demological aspects of Vibrio parahaemolyticus in
fections in man. This infection is the most prevalent 
form of food-borne infection in Japan and is associated 
with sea fish or with other foods infected directly or 
indirectly by organisms present on raw fish. The 
disease is seasonal, occurring only during the summer 
months. A section on the isolation and identification 
of the organism details several selective culture media 
for Vibrio parahaemolyticus. 
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Dr. B. C. Hobbs chapter on Clostridium petfringens 
and Bacillus cereus Infections provides a critical and 
thorough review of the literature on these very 
important food poisoning organisms. The chapter 
covers the history of the infections, the taxonomic 
characteristics of the organisms, the epidemiology of 
disease outbreaks and methods for prevention of 
infections. The controversial evidence as to whether 
or not these organisms are capable of producing the 
disease in man and whether or not the organisms 
produce toxins is carefully and systematically reviewed 
and evaluated. 

Parasitic Infections by G. R. Healy and N. N. 
Gleason reviews the roles played by food-borne 
parasites, including nematodes, cestodes, trematodes, 
Toxoplasma gondii, protozoa and helminths. In each 
case the life cycle for the parasite is presented together 
with the clinical symptoms in man, laboratory methods 
for detection and, where these are known, the means 
of control. 

The final chapter in Part I, Miscellaneous Infections 
by F. L. Bryan, collates a vast amount of information 
on infections and intoxications not dealt with in other 
chapters. The chapter considers these many types 
under a number of sections including organisms for 
which proof of pathogenicity or toxigenicity is lacking, 
milk-horne organisms (e.g. Brucella and mycobacteria), 
organisms transmitted usually by means other than 
food, organisms with an unknown role in food-borne 
disease and finally with contact infections. The enor
mity of the author's task has not prevented him from 
presenting a very valuable critical and • exhaustive 
treatment of the literature on these numerous organ-
isms. · 

Part II commences with two chapters on Botulism 
by H. Rieman (on types A, B and F) and by G. 
Sakaguchi (on type E). In each case a brief historical 
introduction to the incidence of botulism, the foods 
involved and the clinical symptoms is followed by a 
discussion of the ecology of the organisms. The 
characteristics of the organisms together with toxin 
formation, sporogenesis and spore germination are 
discussed in considerable detail as also is the relative 
resistance of spores of various types to food process 
conditions, including heat, radiation and chemical 
preservatives. The chemistry, biochemistry and toxi
cology of the various toxins is exhaustively and 
critically reviewed. 

Staphylococcal Intoxications by R. Angelotti gives 
an up-to-date review of the history of staphylococcal 
enterotoxicosis followed by a discussion of the 
characteristics of the organisms including toxin 
formation and phage typing. The clinical manifesta
tions, incidence and species susceptibility to entero
toxin is reviewed in depth and is followed by a section 
on the production, isolation, purification, identifica
tion and characterization of the enterotoxins. The final 



section considers laboratory methods for isolation, 
identification and enumeration of the organisms in 
foods and for detection and identification of the toxins 
in foods. 

Mycotoxicoses by G. N. Wogan gives a detailed 
review of the history of field outbreaks, microbiology, 
chemistry, biochemistry and toxicology of aflatoxi
cosis, alimentary toxic aleukia and mouldy rice 
toxicoses. Other mycotoxicoses are mentioned briefly, 
including some of predominantly agricultural interest. 
To review the whole subject of mycotoxicoses in a 
single chapter is an enormous task which the author, 
who is a leading worker in the field, has successfully 
performed. Nevertheless, my personal feeling is that 
too much space has possibly been devoted to the 
better-known mycotoxicoses and too little to other 
mycotoxicoses which are less well known but which 
deserve a more detailed treatment. 

Part III commences with a chapter on Laboratory 
Methods for detecting microbiological contamination 
by J. H. Silliker and R. A. Greenberg. Emphasis is 
placed on problems associated with specific foods 
involved in outbreaks of food poisoning, with sampling 
and laboratory methodology for the isolation, enu
meration and identification of salmonellae, staphylo
cocci and clostridia. The chapter on Food Processing 
and Preservation by H. Rieman reviews extensively 
the effects of various process methods on the survival 
and growth of food-borne pathogens and toxigenic 
organisms. The methods considered include heat 
treatment, radiation, refrigeration, dehydration and 
chemical preservation, the effects of food packaging 
are also considered. 

The final chapter Poisonous Plants and Animals by 
H. G. Scott surveys extensively the naturally occurring 
toxic plant and animal species. This chapter is of 
value as background information on types of toxicoses 
which have and still do occur in many parts of the 
world but it is possibly an incongruous component of 
the book. Nevertheless the chapter is very well pre
sented with numerous illustrations of typically poison
ous species of plants and animals. 

The book is well indexed, includes a plethora of 
useful references and a glossary which is obviously of 
value to the non"specialist. This book is certain to 
become a standard reference for all working in the 
field of food and public health microbiology. 

B. Jarvis. 

A MONOGRAPH OF TilE IMMATURE STAGES 
OF ORIENTAL TIMBER BEE1LES (Cerambycidae) 

E. A. J. Duffy. 
(British Museum (Natural History), London, 1968. 
434 pp., 18 pl., 198 figs. Price £9.10.0). 

This volume is the fifth in a series on longhorn 
beetles and the larval and pupal keys deal with 124 
genera (186 species) and 40 genera (46 species) 
respectively. (Adult descriptions are also included 
when species are of special economic importance.) 
Each volume is understandably self-contained and 
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hence there is an inevitable duplication when a species 
is not confined to one region. The information in this 
volume is supported by more than 700 references 
which is not only indicative of the coverage of the 
book, but also of the author's meticulous and pro
fessional acknowledgement of the contributions of 
earlier workers, in particular J. C. M. Gardner. This 
book is not a mere summary of these numerous and 
scattered publications (valuable as that alone would 
have been), but contains a vast amount of original 
work by the author particularly in the form of keys 
and illustrative line drawings. The author has also 
included a 22-page catalogue of host plants of the 
oriental Cerambycidae arranged under the botanical 
names-a feature which can be very helpful when 
identifying damage to timber. 

The detailed specific descriptions follow a standard 
format under the sub-headings of "Distribution, Host 
Plants, [Adult], Mature Larva, Pupa, Biology, 
Economic Importance, Control, Material Studies, 
References"-this arrangement is particularly valuable 
for quick comparative reference in a text book. 

As Duffy points out, control measures present a 
special problem in under-developed countries where 
labour is cheap and plentiful and simplicity and low 
cost are the chief criteria, so that the use of insecticides 
widely used for insect control elsewhere may be in
applicable. The use of trap logs and mechanical 
destruction of the pests is still, for example, proving a 
highly effective method of controlling attack by the 
Sal Borer (Hoplocerambyx spinicornis). 

In a book of this complexity errors must be antici
pated, some being oversights such as Borneo instead 
of Sabah or lack of clarity for example the reference 
to economy size timber on page 169, but others are 
more significant such as the suggestion that strains of 
Hylotrupes bajulus resistant to oak sapwood have 
developed. It is in fact unlikely that this pest of soft
woods could undertake its life-cycle in most hardwoods 
and, where it has been recorded in the latter, it is 
usually possible to establish that the larva has 
travelled from adjacent infested softwood. The relative 
economic importance of the species is not always 
clearly presented, for example the extensive damage 
by Hoplocerambyx spinicornis (pl.v) in individual logs 
is not made apparent in the text unless the reader 
also notes that the illustration scale is 1/7. Although 
best known in India, damage by the Sal Borer is of 
importance in other Far Eastern countries and in 
Sabah attack tends to be unaccountably localised. 

The purist might take exception to the substitution 
of descriptions of non-Oriental species when no 
Oriental material was available-for example Acantho
cinus aedalis in place of A. griseus. On more practical 
grounds in the present times it is possible that risks of 
transporting exotic species in souvernir wooden articles 
is greater than formerly, hence it is important that no 
confusion be created especially if an exotic species 
became established. 

Compared with the value of this major contribution 
to the knowledge of the Oriental Cerambycids criti
cisms are unimportant. This volume should be on 



the shelves of every forest officer concerned with Far 
Eastern timbers and on those of the timber firms who 
wish not to be backward in the science and technology 
of their field. It goes without saying that this book 
will be as indispensable to an entomologist working 
on this group as his hand-lens. 

J. D. Bletchly 

GRAIN STORAGE: The Role of Fungi in Quality 
Loss 

Clyde M. Christensen and Henry H. Kaufmann 
(Minnesota University Press, Minnesota, and Oxford 
University Press, London, 1969. vii + 153 pp., 10 
plates. Price £3.3.0). 

Grain is the largest and one of the most easily 
stored items of human food. Wheat will remain in 
excellent condition for at least ten years if it is kept 
reasonably cool and dry and invasion by insects is 
prevented. On the other hand very rapid deterioration 
can occur under adverse conditions. Knowledge of the 
basic requirements for successful grain storage preceded 
modern scientific study of the subject but even now 
that efficient means for the control of insect pests are 
available large quantities of grain are lost during 
storage and transport as a result of biological activity. 

There is certainly a need for a new book devoted to 
the role of fungi in causing damage to stored grain 
and it would be difficult to find two authors better 
qualified to write it than Professor Christensen and 
Dr. Kaufmann. The former has been engaged in 
research on the mycology of grain deterioration for 
more than twenty years whilst the latter is outstanding 
in his experience of the application of theory to 
practical grain storage problems. 

The present book is written in clear colloquial 
English. It consists largely of a series of extracts and 
summaries of published papers connected by an ex
planatory commentary, a great deal of which is 
concerned with the correction of erroneous concep
tions. This presentation titilates one's interest but 
unfortunately the authors do not tie the fragments of 
information into a comprehensive theoretical frame
work. Such generalisations as they make are often 
so qualitative as to be trivial. A few statements, for 
example that on the relative importance of metabolic 
water and heat, are open to dispute. 

I am disappointed with this book because the 
authors, who are equipped to produce a definitive 
work on the subject have chosen to write at a relatively 
superficial level. On the other hand they provide a 
mass of assorted information on many aspects of 
grain storage and the bibliography is a good introduc
tion to the American literature of the subject. 

G. Ayers!. 
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SINGLE CELL PROTEIN 

Edited by Richard I. Mateles and Steven R. Tannen
baum, (M.I.T. Press, Cambridge, Massachusetts, 1968. 

ix + 480 pp. Price £7.9.0). 

Single cell protein has frequently been hailed as the 
solution to the world protein shortage and even, on 
occasion, to the world food problem. Such claims are 
often made in articles in the popular press on the 
basis of a superficial examination of the problem. 
Disturbingly similar claims have on occasion been 
made in articles and documents intended to inform 
and influence policy makers in national governments 
and international organisations. 

Fortunately, it is now realised that although related, 
the protein supply problem and the food supply 
problem are distinct and the solution of one does not 
necessarily mean the solution of the other. Not only 
do the problems need to be considered on a regional 
basis (often regionally within a single country) but as a 
social, economic and political as well as a technical 
problem. All these aspects are dealt with in an informed 
and thoughtful way in a U.N. publication "Feeding 
the Expanding World Population" (1) and PAG 
Bulletin No. 8 (1969) (2) and all readers and workers 
in this field would do well to study these documents 
before putting pen to paper. 

These comments provide the necessary background 
against which to consider this book. It is based on 
papers presented at an international conference on 
Single Cell Protein held at the Massachusetts Institute 
of Technology on 9-11 October, 1967. However, it 
differs from normal conference proceedings in that 
although it is "derived from the conference it is not 
the proceedings of the conference. Many papers are 
included at considerably greater length, while other 
contributions to the conference do not appear .... 
at all." 

The declared purpose of the conference and of this 
volume was to explore all aspects of the opportunities 
and difficulties surrounding the development of single 
cell protein for human feeding. It is claimed that "the 
papers and discussions in the volume constitute a 
realistic appra~sal of the pitfalls that lie ahead as well 
as an objective evaluation of the potential of single 
cell protein." 

The text is divided into seven parts. Part I is an 
introductory section by Nevin Scrimshaw which sets 
the scene for the rest of the volume. 

Part II, "The World Food and Nutrition Crisis", 
deals adequately with the world food supply problem 
and discusses the capabilities of normal agriculture 
and marine resources to meet this need. The conclusion 
is reached that it will be difficult for these conventional 
methods of food production to keep pace with the 
increasing world population let alone make up the 
existing deficit. It points out that the main problems 
in deriving adequate supplies using normal agricultural 
techniques and marine resources are not so much 



technical as educational, social and political. This 
point having been made one could have hoped that 
it would have been followed by a clear analysis of the 
contribution single cell protein could make to the 
solution of the overall problem. Unfortunately, this 
is not the case. Indeed, some of the phraseology could 
be quite misleading-for example, the opening sen
tence on page 27 states: "Those engaged in the urgent 
quest for better sources of protein to feed the world's 
population may not always remember that ..... " 
To those with sufficient background such statements 
are not necessarily misleading but they could mislead 
the unwary or the student. It is not until one reaches 
the epilogue (Part VII) that the position of protein 
supply in relation to the overall food supply problem 
is lightly touched npon. Thus, in spite of its declared 
intention the volume remains essentially a record of 
conference proceedings. As such it contains valuable 
papers on many aspects of the subject. It is as a 
conference proceedings and not a comprehensive text 
book covering all aspects of the subject that it should 
be judged. 

Part III, "The Status of Single Cell Protein", covers 
the currently known sources of single cell protein, 
together with chapters on the nutritional and toxi
cological problems associated with these materials. 
The chapter on single cell protein in space systems, 
while dealing to some extent with nutritional and 
toxicological problems, is devoted mainly to the 
peculiar problems of the culture of single cell protein 
under conditions of space flight. This chapter appears 
to be out of place in a volume intended to deal with 
the use of single cell protein to meet world food needs. 

Of particular importance is the call (on page 88) by 
S. A. Miller for "the establishment of some general 
ground rules for the necessary basic tests of new single 
cell protein products. This is not to say that the 
initiative and creativity of the individual investigator 
is to be inhibited but rather that some uniform basic 
rules be established upon which the individual can 
pattern his work." 

Part IV, "Production of Single Cell Protein", 
includes chapters on the genetic and environmental 
control of protein composition and the growth of 
micro-organisms on various substrates such as hydro
carbons, carbohydrates, etc. Also covered is the 
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technology of single cell protein production, including 
continuous culture, cell recovery and the large scale 
production of algae. 

Part V, "Use of New Protein Sources", is concerned 
primarily with the food technology of proteins derived 
from single cell sources, and particularly with the 
formulation, acceptability and sales promotion of 
such materials, including meat analogues and protein 
isolates. 

Part VI, "Economic and Social Considerations", 
covers the social and psychological factors affecting 
the acceptance of new protein sources. Coverage is 
given both to the developed and the developing parts 
of the world. Of particular interest is the chapter on 
the introduction of new technology and products 
into a developing country. 

Part VII, "Epilogue", attempts to draw lessons and 
conclusions from the material presented at the 
conference: this is excellent as a winding-up statement 
at the conference itself. However, a much more 
extended treatment, discussing at greater length the 
lessons to be learned, would have been valuable. This 
once again emphasises the fact that as a record of 
conference proceedings the volume is excellent con
taining many useful and thought-provoking papers, 
together with a useful index, which should be on the 
shelves of all who are concerned with single cell 
protein. It is not, however, a comprehensive text and 
should not be considered as one. To achieve this end 
much more radical editing would have been required 
and much more supplementary material added. 

W. T. L. Neal. 
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First Announcement 

AN INTRODUCTORY COURSE 

THE MICROBIOLOGICAL DETERIORATION OF MATERIALS 

G. Ayers! 

A. Bravery 

29th MARCH-2nd APRIL, 1971 

A series of lectures on many aspects of the microbiological deterioration and protection 
of materials of economic importance will be given by a number of invited speakers at the 
Biodeterioration Information Centre, University of Aston in Birmingham. 

Those invited include:-

The Polytechnic, Wolverhampton. Control of the Environment. 

Forest Products Research Laboratory. Deterioration of Wood Products. 

J. J. Elphick 

J. F. Levy 

Admiralty Materials Laboratory. 

Imperial College of Science and Technology. 

Fungal Deteriogen Taxonomy. 

Microbiology of Cellulosic Materials. 

C. E. Skinner 

A. C. Tansley 

The Research Association of British Paint Colour Degradation of Paints. 
and Varnish Manufacturers. 

Albright and Wilson Limited. Biocides. 

Practical work and demonstrations will be arranged. 

Accommodation will be reserved in University Halls of Residence. 

For further details write to Dr. R. F. Sharp at:-

The Biodeterioration Information Centre, 
The University of Aston in Birmingham, 
80 Coleshill Street, 
Birmingham, B4 7PF. 
England. 

or telephone 021-359 3611, Ext. 6258. 
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69/1- GRAY, T. R. G. & BAXBY, P. 
6721 

Transactions Briti.fh Mycological Society, 51 (2): 
293-309, (1968). 

Chitin decomposition of soil. II. The ecology of 
chitinoclastic micro-organisms In forest soil. 
(Fungi. Bacteria. Actinomycetes.] 

69/1- ORLITA, A. 
6722 

LEATHER 

Proceedings International Biodeterioration 
Symposium, 1st, Southampton, 9th-14th Sept., 
1968: 297-301, (1968). 

Biodctcrioration 'in the leather industry. (Fungi.) 

KERATIN AND CHITIN (Con!), LEATHER, LIGNIN, METALS 

69/1- ANDERSEN, J. E.; HERWIG, G. L. & 
6729 MOFFITT, R. B. 

Australian Mining, 35-39, (15 April 1966). 

Heap leaching at Rum Jungle, [Copper. 77riobacil/us.] 

69/1- LOBL, M. 
6730 

Australasian Corrosion Engineering, 12 (6): 3-12, {1968). 

The choice of materials for gas mains and modifications 
of existing systems. [Soil. Corrosion. Resistance.] 

69/1- IVERSON, W. P. 
6731 

Nature, 217 (5135): 1265-1267, (1968). 

Corrosion of iron and formation of iron 
phosphide by Desulfovibrlo desulfuricans. 

HAVE YOU PLACED YOUR ORDER FOR 

IBBRISt 
(INTERNATIONAL BIODETERIORATION BULLETIN 

REFERENCE INDEX SUPPLEMENT) 

/BBRIS IS A BIBLIOGRAPHIC JOURNAL FOR THE DISSEMINATION 
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Tappi, 51 (7): 298-300, (1968). 
Improved ball milling in the isolation of milled 
wood lignin.(Grinding. Technique.] 

METALS 

69/1- GOLOMSIK, A. I. & IVANOV, V. I. 
6727 

Mikrobiologiya, 34 (3): 465-468, (1965). 

Adaptation of Thiobacl/lus ferroxidans to 
increased concentrations of hydrogen and 
iron ions. [In Russian; English summary.] 

69/1- ANON. 
6728 

Newsletter Ontario Research Foundation. 
9 (7): lp. (1966). 

Corrosion engineering. [Metal.) 

Metal-organic acid corrosion and some mechanisms 
associated with these corrosion processes. (Metal.] 

69/1- GUPTA, S. K.; SANYAL, B. & NANDA, J. N. 
6736 

Labdev J. Science Technology, 6-A (1): 1-13, {1968). 

Underground corrosion: Pt. I- Factors affecting 
corrosion and methods of assessment. 
[Metals. Chemical deterioration. Bacteria. Testing.] 

69/1- GUPTA, S. K.; SANYAL, B. & NANDA, J. N. 
6737 

Labdev J. Science Technology, 6-A (2): 51-59, (1968). 

Underground corrosion: Pt. D - Methods of 
protection. 
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