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BIODETERIORATION SOCIETY NEWSLETTER
Forthcoming Meetings in Great Britain

2.

Entry. Competitors will be invited to submit an

essay or short paper based on any aspect of
Following is the latest list of meetings which have been
arranged to take place in Britain:

biodeterioration.

3.

The entry must be based upon the candidate's
own work; in the case of essays based on
published literature the candidate will be
expected to demonstrate an original approach to
the material.

4.

The competition will be decided by a panel of
three judges who will be appointed by the
Council.

5.

The winning entry will be announced at the
December meeting of the Society and the winner
awarded a prize of £50 plus one year's
membership of the Society.

6.

Entries must be received by the first Monday in
November by the secretary to the Society, Mrs.
Joan Maw, Hatfield Polytechnic, School of
Natural Sciences, P.O. Box 109, Hatfield, Herts.

7th- 8th July 1983
'Post-Harvest Biodeterioration'
Wolfson College, Cambridge.
13th December 1983
'Packaging in relation to Biodeterioration'
Shoreditch College (Brunei University)
Egham Green, Surrey.
17th- 18th April 1984
'Developments in the Study of Microbial Growth'
Hatfield Polytechnic
5th - 6th July 1984
'Microbial Corrosion'
University of Surrey, Guildford.
Bunker Memorial Prize - Amended regulations
The Council of the Biodeterioration Society has
agreed the following changed arrangements for the
annual Bunker Memorial Prize competion.

Dr K J Seal - Biodeterioration at Cranfield
Dr K J Seal, whom many will know as the
manager of contract research at the
Biodeterioration Centre, University of Aston,
has recently left to join the Cranfield Institute of
Technology, Cranfield, Bedford. There he is
establishing a Biodeterioration laboratory in the
Biotechnology Centre. We wish him every
success in this venture and welcome the
accession of Cranfield to the list of Institutions
which are entering the study ofBiodeterioration.

The award of the Bunker Prize will in future be on the
basis of an essay competition. The winner will be
invited to present his/her entry as a short paper at a
suitable future meetings of the Biodeterioration
Society, but willingness to do this is not a condition for
award of the prize. The conditions will be as follows:
I.

Eligibility. All persons under the age of 25 and

not holding a higher degree at the time of the
closing date of the competition will be eligible.

Abstracts of papers presented at a Symposium
on
The Biodegradation of Solid Wastes
held at the Sheffield City Polytechnic
on
14th December 1982

Title:

The use of Biodegradable Wastes in the
Third World

Author:

J.A. Vogler

Address:

Interwaste,
40, The Avenue,
Roundhay, Leeds LS8 IJG

animals and humans, and that weaker legislation and
lack of capital result in severe urban and industrial
pollution, many people have seen the use of
biodegradable wastes as offering tremendous
opportunities to Developing Countries. The success of
attempts to exploit these, particularly in the fields of
composting of municipal refuse and of domestic scale
biogas production, will be discussed. The contrast
between highly successful programmes in China and
widespread failures elsewhere will be discussed and
suggestions made to improve the prospects of success
in future projects. A number of other imaginative uses
of organic wastes will also be discussed.

Abstract

Given that the Third World is characterized by
shortages of fertile soil, of energy and of feedstuffs for
iii

Title:

The Biodegradation of Agricultural
Wastes

Author:

K.J. Seal

Address:

Biodeterioration Centre,
University of Aston
St. Peter's College,
Saltley,
Birmingham B8 3TE

Authors:

Mrs. M.B. Saull, J. Mills and B. Davis

Address:

Severn Trent Water Authority (Tame
Division)
Minworth Laboratories
Kingsbury Road,
Sutton Coldfield, West Midlands

I

.~

'
Abstract

The separated, non-composted, putrescible fraction of
domestic solid waste was incorporated into topsoil.
Subsequent investigations aimed to identify optimum
rates for disposal and patterns of biodegradation with
or without nitrogen supplementation using digested
sewage sludge. The maintenance of healthy plant life
and effects on the soil were considered, using both tield
trials and laboratory experiments.

Abstract

Agricultural wastes in the U.K. represent an ever
increasing problem particularly as available land for
disposal is limited and legislation introduced in recent
years is now being implemented. This paper discusses
the types and quantities of wastes arising in the U.K.
and shows that they may be considered as resources.
Research over the last 15 years has demonstrated that

Plant growth and biodegradation rate increased up to
a dosage of approximately 50 tonnes/hectare and
thereafter declined. This appeared to be related to
nitrogen immobilisation during the early stages of
decomposition. Soil physical properties were generally
improved by the refuse and there was no evidence of
phytotoxicity. Toxic metals were found at the top
dosage. The persistance of small amounts of nonbiodegradable material was a problem.

micro-organisms can be harnessed to treat wastes for

either recycling as a feedstuff or for safer disposal.
Examples of this and the author's own work are given.

Title:

Fungal Protoplasts as
Biodeterioration Studies

Author:

K. Thomas, B. Davis and J. Mills

Address:

Department of Biological Sciences,
Sheffield City Polytechnic,
Pond Street,
Sheffield S I I WB

Tools

in

Title:

The Biodegradation of Plastics Waste

Author:

B.S. Brown

Address:

Biochemistry Department,
Medical School,
Stopford Building,
Oxford Road,
Manchester Ml3 9PT

Abstract

Fungal protoplasts have a range of uses in
biodegradation studies. They may aid isolation of
organelles, localization of metabolites or provide a
system to investigate the effect of various agents
directly on the fungal cytoplasm. Other uses include
the ability to incorporate DNA and to fuse with
protoplasts of different strains or species.

Abstract

Polyethylene has been converted to single-cell protein
by oxidation or pyrolysis followed by fermentation.
Oxidation of IOOg polyethylene (3h reflux with cone.
HNO,) yielded 77g soluble dicarboxylic acids (C-6 to
C-12) and 23g insoluble wax. Batch fermentation (5litres, 2d, 30 C) of the soluble fatty acids yielded 41g
biomass (38% crude protein), 95% of the dicarboxylic
acids being utilised by the mesophilic bacteria
employed. Pyrolysis of IOOg polyethylene (60 min, 560
C) yielded 90g insoluble wax comprising homologous
series of n-alkanes, n-alkenes and a, ro-alkadienes (C-8
to C-40). Batch fermentation (8-litres, 5d, 30 C) of
pyrolysed polyethylene dispersed in pristane yielded
45g biomass (35% crude protein), 50% of the
pyrolysate being utilised by the Candida cells
employed. Continuous fermentation of 4lg pyrolysate
(obtained from 46g polyethylene) yielded 5.2g
biomass, 33% of the pyrolysate being utilised.
Polypropylene and polystyrene can also be converted
to biomass by these processes, but polyvinyl chloride
resists both oxidation and pyrolysis.

Lytic digestion of the hypha! wall and survival of
protoplasts are affected by temperature, pH, lytic
enzyme type and concentration, osmotica, co-factors

and prior cultural conditions.
Protoplasts released from Aspergillus fumigatus
regenerate in media containing carboxymethylcellulose and release CMCase while intact hyphae on
this substrate retain the enzyme within the cytoplasm.
Regenerating protoplasts thus offer an opportunity to
investigate the details of enzyme secretion and the
effect of the cell wall on this.

Title:

I

The Biodegradation of Town waste
Separates when added Directly to the Soil
as a Soil Conditioner
iv

Title

Energy Recovery and Effluent Treatment
by Anaerobic Fixed Films

Authors:

L. Cassell and A. Wheatley

Address:

Pollution Research Unit.
UMIST, Sackville Street,
P.O. Box 88
Manchester M60 I QD

Title:

Biological Limits to Ethanol Production

Authors:

S.G. Oliver

Address:

Department of Biochemistry & Applied
Molecular Biology,
UMIST Sackville Street,
P.O. Box 88
Manchester M60 I QD

Abstract

Abstract

Laboratory research, on a range of effluents, has
established the feasibility of using anaerobic filtration
for effluent treatment and gas recovery, from warm,
strong food, drinks and fermentation wastes. This type
of effluent is not easily treated by conventional
techniques because air for bio-oxidation and sludge
disposal are now very expensive. pH control was
found to be critical and difficult to control, even by
recycle with some wastes. Experiments have been
extended to a 10m3 test plant treating the waste from a
local sweet factory. The plant has been running for 3
months and demonstrated the potential to save 70% of
the effluent treatment costs and make a 5%
contribution to fuel costs. COD removals of up to 80%
can be achieved at residence times of 24-30 hours and
loads of 5-15 kgs COD perm' per day. Gas yields are
between 0.5-0.7m' per kg of COD removed at 50-70%
methane. The best gas production is at neutral pH. A
full-scale plant has now been built.

The production of industrial alcohol by fermentation
is often quoted as an end product of the treatment of
waste materials. The efficiency of ethanol production,
in both energetic and economic terms, is limited by the
ethanol tolerance of yeast. The inhibitory action of
ethanol on yeast is complex, there are different and
separate effects on growth rate, fermentation rate, and
viability. This complexity means that ethanol
tolerance will be modified by a wide range of
environmental and genetic factors. For instance,
growth temperatures just below the optimum increase
the ethanol tolerance of yeat growth, whereas
fermentation is more resistant to elevated
temperatures. Both nuclear and cytoplasmic
mutations which increase ethanol sensitivity have been
discovered. However, it has been possible to obtain
ethanol tolerant mutants by a continuous selection
system in which the intensity of selection is determined
by the culture itself via a feedback control circuit and
these should prove useful in increasing product
concentration.

Title:

The Biotechnology of Waste Treatment

Author:

A. Wheatley

Address:

Pollution Research Unit,
UMIST, Sackville Street,
P.O. Box 88
Manchester M60 IQD

Abstract

Waste treatment is one of the oldest and largest
applications of biological organisms in the
manufacturing and service industries. It is assumed
that the current advances in genetic engineering and

other biotechnological techniques will improve the
efficiency of waste treatment and by-product recovery.
The paper reviewed current treatment techniques and
recent advances for process intensification, the
generation of biogas from waste and protein
production. Laboratory research on other recovery
processes, for metals, recalcitrants, biological
polymers, biological scrubbing of gases and valuable
proteins was also described.
The publication of these abstracts by the Biodeterioration Society does not constitute publication in the usual sense. No
reprints are available. Those wishing to pursue these subjects further should write directly to the authors at the addresses
shown and not to the Society.
v
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A CONTRIBUTION TO THE EXAMINATION OF THE ROT RESISTANCE OF TEXTILES
Paul Raschle 1

Summary

Bcmcrkungen zur Priifung der Verrotlungsbest3ndigkeil von Textilien

Results from laboratory soil bUrial tests can provide good forecasts
of behaviour in practice. These tests can act as simple screening tests
for manufacturers of biocides or can serve as a method for quality
control based on the user's specific requirements.

Resultate einer LaborvergrabungsprUfung geben gute Hinweise fOr
das Praxisverhalten. Die Erdvergrabung ist eine einfache
Prli.fm6glichkeit filr das Screening beim Biozidhersteller oder fiir
Abnahmekontrollen aufgrund spezifischer Anforderungen durch
den Verbraucher.

It is important tostandardizesome main parameters fora soil burial
test: the water content in the test system should be near 60% of
maximum moisture holding capacity, acclimatization oft he test soil
is recommended, the system should be aerobic, test vessels should be
incubated in an aerated atmosphere of more than 95% relative
humidity, and a temperature of about 29°C is optimal for
standardizing a rot resistance test.

Es ist wichtig, einige Hauptparnmeter der Erdvergrabungspriifung
zu beachten: Der Wassergehalt im Testsystem sollte etwa 6()17o des
max. WasseniickhaltevermOgens sein, eine Vorakklimatisierung
der Prli.ferde vor dem Test ist empfohlen, das System solhe aerob
sein und die Inkubation der Prtifansiitze in einer belilfteten
Atmosphlire von iiber 95% rei. Luftfeuchtigkeit und etwa 29°C
werden als optimal betrachtet, eine Verrottungspriifung zu
normieren.

Contribution concernant I'examen de Ia solidite de textiles :i Ia
putrefaction
ContribuciOn suiza al cxamen de resistencia de textiles a Ia
putrefacciOn

Des n!sultats d'essais par enfouissement dans le sol donnent de
valables informations quant au comportement en pratique. Ces
essais repr€:sentent une rni:thode simple pour Je screening par le
fabricant de biocides ou une methode a contr61er les exigences
spt!cifiques par Ie client.

Los resultados de las pruebas de enterramiento en suelos en
laboratorio pueden dar buenas previsiones del comportamiento en
Ia pr:ictica. Estos m€:todos pueden servir como comprobaci6n
rutinaria para los fabricantes de biocidas o como un metodo para el
control de calidad segtln las necesidades especificas del usuario.

La grande importance de quelques facteurs majeurs doit Ctre
observi:e pour l'enfouissement dans Je sol: l'humidit€: du sol devrait
etre a 60% de Ia capaciti: maximale de rCtention d'eau, Ia terre
devrait Ctre acclimatist!e avant d'effectuer l'essai d'enfouissernent,
un sysH:me ai:robe est propage et !'incubation des ri:cipients a plus
de 95% d'humidit€: relative de !'air circulant et environ 29°C sont
considCri:s optimals pour Ia normalisation des essais
d'enfouissement dans le sol.

Es importante normalizar algunos de los principales panimetros en
este tipo de pruebas: el contenido de agua debe estar cerca del60%
del total admisible en el sistema, deben controlarse las condiciones
ambientales, el sistema debiera ser aer6bico, los recipientes deben
airearse con a ire que contenga mas del95% de humedad relativa yla
temperatura de 29 grados es Ia Optima para esta clase de pruebas.

Introduction
against the soil burial test concerning its
reproducibility and its relevance to practical
experience. These two objections are lessened,
however, by reference to the wide scatter of results
especially with a treatment of minimum effectiveness.
This shows that these two aspects, the erratic results of
a method, and the influence of a treatment of
minimum value, should be completely separated.

Examining the rot resistance is interesting and
meaningful for the various parties concerned. The
manufacturer of biocides is interested, among others,
in an economic reproducible laboratory method for
screening, and the buyer or user is interested mainly in
the rot resistance in practice. The person who finishes
the textile so as to protect it against rot will take into
consideration the results from laboratory tests and the
flow of results from practical usage.

Similar projections were also done by many other
authors: Siu (1951) mentions the "high degree of
variability of results from different soils". For Lloyd
(1968) "the chief problem is the lack of agreement
which may be experienced, both, between different
laboratories and on different occasions in the same
laboratory" and he remarks the difficulty in
interpreting results from soil burial tests. Turner
( 1972) describes the influence of many factors in rot
resistance tests by soil burial methods, e.g. different
results depending on the operator, re-use of soil,
degree of compaction of the soil etc.

This article deals mainly with the parameters which
must be fulfilled in order to achieve a laboratory test
which effectively forecasts the efficiency of a product
against rot.
Standardization of a laboratory soil burial test
Hausam (1967) has dealt critically with the
effectiveness of laboratory tests in forecasting
practical experience. Objections have been raised

Swiss Federal Laboratory for Materials Testing and Research, Section Biology, Unterstr. II, CH-9000 St. Gallen,
Switzerland.
(Received, October 1982)
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Therefore it should be postulated that a good
laboratory soil-burial method shall optimally decay
any material which is not protected. However, it shall
also identify as good, during a defined testing time,
any treated homogenous material which has been
proved in practice under wet conditions. A minimal
requirement for a test system is required, in respect of
the microbial decay of textiles in order to make sure
that the test is carried out under conditions which are
optimal to the greatest possible extent. On the other
hand, it would be desirable to set a limit value for a
given method which classifies any material going
beyond that value as "insufficiently protected".
However, as this point is related to practical

EI-Shinnawi eta/., (1981) mentions the highest activity
of both urease and phosphatase in a soil at 60% of
water holding capacity. Rubidge (1977) found for
John Innes No.I soil best cellulolytic activity at 35%
maximum moisture holding capacity.
It seems therefore that for many different soils a water
content of about 60% max. MHC may favor different
groups of cellulolytic microorganisms.

Moisture level must, therefore, not be determined as
an absolute value but must be related to the moisture
holding capacity of the soil. For soils with different
moisture holding capacities, the optimum moisture

contents are different. Our own test with different soils
and different fractions of water holding capacity
confirm this "optimal" level of about 60% of MHC.

experience, such practical experience is needed to

establish it. The method and the test material,
compared with unprotected control material,
determine the fixed points for the "rot resistance" and
"regular test procedure" (Lloyd (1968): validity of the
test).

b.

Type of test soil

Microbially active, and less active, soils are known
from nature and from eco-biological studies. Different
levels of microbial activity are to be expected as
different populations of microorganisms
predominate, depending on the substrate, e.g. C/N
ratio, pH and temperature. The test soils defined in the
different standards are therefore of great importance
for the understanding of soil burial tests. Depending
on the soil, and also on the test material, different
results are to be expected (see Turner (1972)). The
standardized soil "Einheitserde TypED 73", of which
we have good experience, may be mentioned as an
example of a commercially available soil.
(Einheitserde- und Torfwerke, Gebr. Patzer KG, D6491 Sinntal-Jossa; Agencies also in Austria, Italy,
Switzerland and France). It contains about 66% of
ashable substances, a nitrogen content of 0.24% and
the pH-value of the 10% suspension is 5.2. This soil has
a maximum moisture holding capacity of about 185%
(Graf, 1979).

It is an indispensable condition, however, that the

upper limit values are only meaningful if there is a real
danger of the material rotting in practice. No limit
values on an evaluation criterions should be defined if
it is known, for any material, that its liability to rot in
practice is very low, as rot does not occur. Anything
which rots in the laboratory under optimal conditions
cannot be rot resistant in practice.

National standards for specific laboratory methods
for checks on taking delivery, for military and private
use, exist in various countries applied to the laboratory
soil burial test. Examples are: AATCC test method 30
(1981), BS 6085 (1981), EMPA 223/11 (1980), NF X
41-514 (1981), SIS 251237 (1977), SNV 564280 (1977).
As rot-resistance tests already exist, or are under
discussion, for various industries, some important

parameters of that laboratory test are now reviewed:

c.

Important Parameters of the Laboratory Soil Burial
Test

As a laboratory rot test should not take too long a
time, the initial activity of the soil is decisive for the
results. This implies that a high enzymic activity in the
soil is required. Kaplan (1978) has emphasised the
importance of this pretreatment of a test soil prior to

a.

Moisture content of the test soil.

Pretreatment

the test. That such "acclimatization" is necessary to

aid the laboratory test is generally accepted. It is
known that, for example, during maturation of a
compost, different phases of the mineralization occur
whereby the spectrum of the organisms present and
responsible is changing completely with time. Without
a deliberate, controlled, acclimatization there is no

Walchli (1978) found the optimum for the cellulolytic
activity of microorganisms to be at about 60% of the
maximum moisture holding capacity of the soil.
Similar results are known from Siu (1951), who
mentions the abundance of cellulolytic bacteria in the
range of 50-80% moisture holding capacity and good
decomposition of cellulose by cellulolytic fungi also
between 50-80% of moisture holding capacity.

guarantee of a constant microbial activity in a

commercial soil. In Table I are results which show that
stability in a test soil may be obtained by
acclimatization. The method commonly . used at
EMPA consists of a preliminary incubation for at least
one
month at 97 ±. 2% relative humidity and about
0
20 C for a freshly bought soil, and a controlled
maturation of an active soil by adding acclimatized
fresh soil.

Khaziew (1976) also found that the largest spectrum of
aerobic

microorganisms

occurs

at

the

same

proportion of water holding capacity in a soil
specimen; he also found the maximum enzyme activity
of aerobes at this moisture level.

14

Jnrernarional Hiodeterioration Bulletin ISSN 0020-6164 19(1) Spring 1983

A traversable chamber with admission of fresh air, and
air ventilation controlled at 97 ± 2% relative humidity
and 29 ± 1°C has proved capable of maintaining,
throughout 32 weeks, a moisture content of60% of the
moisture holding capacity. This chamber has also
proved able to guarantee the requirement of the
microbial activity of the test soil, viz: at least 70% loss
of the strength of a cotton strip (cotton cloth 250
g/m2) within one week.

d.
Aeration of the test soil
The pore volume, the compaction of the soil bed
(Turner (1972)) and the moisture content oft he soil, as
well as the choice of test vessels are important allied
parameters which may promote or prevent aerobic
microbial activity. Walchli (1981) has dealt with the
choice of the test vessels and the factors of aeration in
connection with the EMPA method. Khaziev (1976)
has, furthermore, done some microbial counts of soils
having differing moisture contents and has shown that
anaerobic organisms and their type of metabolism,
predominate if there is ••too much moisture".
e.

Preliminary treatment and duration of burial test
Kaplan (1978) refers to an earlier publication
(Kempton eta/., 1963) that "good treatments pass soil
burial tests; poor treatments fail; and marginal
treatments, as expected, give results befitting marginal
treatments, i.e. equivocal results". This fact is
discussed in the two following examples.

Test climate

A material comes into balance (water activity) with a
definite environmental climate. Therefore, the climate
of the incubator, which results neither in drying nor
addition of water to the test soil during a test time of
some weeks and which, of course, does not prevent
ventilation of the test soil, is considered to be ideal.

1st example:
Table 2 shows results of a performance test of
preservative finishes of canvas cloth (800 g/m2) for
which a customer required a quality test on taking
delivery.

Table 1.
Change in tensile strength of cotton slips 20mm wide,
by a laboratory soil burial test of one week duration.
Comparison between soil test vessels exposed
simultaneously.
Test

2

3
4

Test vessel

n

Change in tensile strength
percent. (Mean of n strips)

I
2
3
I
2
3
I
2
3
I
2
3

4
4
4
4
4
4
4
4
4
4
4
4

-82.0
-78.3
-78.9
-72.7
-74.0
-72.7
-75.8
-71.2
-73.2
-74.0
-72.7
-74.3

Based on profound practical experience by that
customer, all materials (A, B and C) show a good rot
behaviour in practice. For this reason a pre-delivery
test could be decided to confirm acceptable quality by
means of a 4 weeks' laboratory soil burial.
However, prolonged tests make it possible to gain a
deeper knowledge concerning the status of the
preservative finishes and also help to evaluate new
products. Obviously, the material with preservative B
shows lower rot resistance compared with A or C.

Table 2.
Initial and residual tensile strength of canvas cloth
strips 20 mm wide as affected by duration of test and
protective treatment, compared with an outdoor test
in forest soil.

Soil "Einheitserde TypED 73"; moisture content 60%
of max. moisture holding capacity, incubation 97 ±
2% relative humidity, temperature 29 ± 1°C (viz.
Raschle, 1981).

Duration of' rensile

Test I.

soil burial

Fresh soil acclimatized in the tropical
chamber by adding additional substrate
in the form of oatmeal to each vessel.

strength of differently
rotected canvas material (kN)

Material A

Material B

Material C

Initial tensile

Test 2.

Acclimatized soil without any further
treatment.

Test 3.

nil

l.ll ±0.021

1.03 ±0.049 1.02 ±0.053

Laboratory

2 weeks
4 weeks

8 weeks
12 weeks

l.ll ±
1.10 ±
1.08 ±
0.65 ±

0.99 ± 0.052
0.98±0.105
0.42 ±O.t55
0.01 ±O.Oit

6 months

1.09 ±0.026 0.44±0.212 0.78 ±0.180

soil
burial

Acclimatized soil which was inoculated
at the beginning of the test with a mixed
spore suspension of Chaetomium
g/obosum. Stachybon:)'s charrarum and

Burial in
forest soil

Trichoderma t•iride.

Test 4.

strength

Acclimatized soil which was
innoculated at the beginning of the test
with a mixed spore suspension of fungi
for testing plastics (ISO 846, 1978).
15

0.063
0.094
0.048
0.318

.

1.01 ±0.060
0.98 ± 0.080
0.65 ± 0.287
0.55 ±0.286

A Contribution to the Exumination of the Rot Resistance of Textiles

2nd example:
Graf et a/., (1980) have given an example of an
artificial leather (polyester, coated with plasticised
PVC) which lost about 9% of its weight in a 4 weeks'
laboratory burial test, under the action of soil
microorganisms. When comparing the damages
caused by cold bending it becomes obvious that this
weight loss of approximate 9% largely reduced the
resistance against cold-bending.

Paul Raschle
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Outdoor weathering ( 1.5 m above ground, exposed to
the south, 45°) gave much smaller reduction in
resistance against cold bending as well as weight loss of
that material through weathering(Fig. 1). The amount
of damage caused by cold bending of a coating,
following a laboratory test, correlates with the loss of
weight given by the burial test.
·
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Results from laboratory soil burial tests provide very
good prognosis of performance if environmental

u

conditions which encourage rot, such as contact with
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the soil and high humidity, are expected. The
necessary condition to ensure the prognostic value of
these results is, however, a good standardization and
supervision of the test method because numerous
factors determine its results. Good experience has
been obtained with acclimatized soils (with
preliminary incubation), having a moisture activity
adjusted to 60% of the maximum water holding
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capacity. in an aerobic test system.

~

-

<

c

SB

By adjusting the test period, at continuously optimal
conditions for rot, this test can be made to answer
different questions. It can be a screening method for
manufacturers of biocides, or it can serve as a quality
assurance test for the user, based on specific

ORIGINAL

c

SB

--,

oSMONTHS
WEATIIERED

requirements. In the latter connection it is particularly
useful to determine, by reference to behaviour of
products in practice, the limit values for the different
physical assessments of a perfect material in order to

Figure 1

obtain performance-relevant information from short-

time laboratory burial tests.

c

SB

h
11 N.ON'TllS
WE:ATIU:R..ED

Influence of outdoor weathering and
soil buriaHesting on the mass constancy
and on the cold bending resistance of a
coated textile.
C =Control
SB =after soil burial test (4 weeks in soil
type ED73) (according to Graf (1977)).

The above parameters should be given attention in
order to standardize a soil burial test for general
application. Anaerobic systems or tests altered in
other ways, may be helpful for dealing with
biodeterioration ouside the usual rotting.
By such standarization, with optimal conditions for
fungi and bacteria, the laboratory soil burial test may
not only serve the rot resistance test on protected
cellulosic textiles but may also be useful to test manmade fibres and coatings.
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BIOLOGICAL FACTORS OF FOXING IN
POSTAGE STAMP PAPER
Lea Nol, Y. Henis and R.G. Kenneth

Biologische Faktoren bei der Bildung
Briefmarkenpapier

Summary

Extracts of naturally and artificially blotched postage stamps
reacted positively to phenol reagents in three different tests.
Microscopic examination of blotches revealed sparse Jiving and
dead hyaline hyphae. Six species of Aspergillus and one each of
Penicillium and G/ioc/adium, isolated from foxed stamps, were
capable of producing pigments in agar media and filter paper,
sometimes more intense when grown in pairs than alone. All fungal
isolates showed some degree of cellulolytic ability; all but A.
fumigarus and G. roseum were capable of germinating, growing,
sporulating and producing pigments at high osomotic pressures,
and all at low. Of three species inoculated on new stamp paper, one,
A. terreus var. aureus, developed hyphae and fluorescent yellow and
orange - brown pigments and produced pigments at constant RH
32.5% over an eight month period. Ferrous and ferric salts appeared
to be unnecessary for production of pigments diffused into agar
media, liquid medium or filter paper, but in some isolates they
intensified the colour. Stamps inoculated with A. Ierreus var.aureus
conidia and irradiated with a dose of 2.5 Mrad remained free of
blotches throughout the two-year experimental period.

\'OR

StockDecken auf

Pigmente in durch Stockflecke verfllrbten Briefmarken verhielten
sich wie Phenole. Mikroskopische Untersuchungen der Flecken
zeigten verstreut lebende und tote hyaline Pilzhyphen. Sechs
Aspergillus-Arlen und je eine Penicillium- und Gliocladium-Art,
die von stockfleckigen Briefmarken isoliert wtuden, waren in der
Lage, auf Agar-Nahrmedien und Filterpapierphenolische Pigmente
zu bilden. Manchmal war die Pigmentbildung bei paar-weiser
Anzucht intensiver als bei den Einzelkulturen. Aile Isolate zeigten
eine gewisse cellulolytische AktiviHit. Bis auf A. fumigatus und G.
roseum waren bei hohem osmotischem Druck alle fll.hig zu keimen,
zu wachsen und Pigmente zu produzieren. Bei niedrigem Druck
waren alle dazu in der Lage. Von den drei Arten, die auf neues
Briefmarkenpapier geimpft worden, entwickelte einer, A. terreus
var. au reus, Hyphen und produzierte Pigmenteilbereinen Zeitraum
von 8 Monaten bei einer konstanten Luftfeuchtigkeit von 32.5%.
Eisensalze, die man in die Agar.Medien, Flilssigkultur odcr
Filterpapier di!Tundieren Jie6, erwiesen sich als nicht notWendig fUr
die Pigmentbildung. Bei einigen Isolierungen versHirkten siejedoch
die Fi\rbung. Briefmarken, die mit A. terreus var. aureus beimpft
worden und mit 2.5 Mrad bestrahlt worden, zeigten keinerlei
Verfarbungen wiihrend einer zweijD.hrigen Versuchszeit.

Facteurs biologiques de piqO.res dans lc papier des timbres postaux.
Les pigments dans des timbres postaux naturellement tachCs se
com portent comme des phCnoliques. Unexamen microscopique des
taches a reveJe des hyphes hyalins clairsemCs vivants et morts. Six
espkes d' Aspergillus et une de Penicillium et de G/iocladium isolfs
de timbres piques ont pu produire des pigments phCnoliques sur
agar et papier filtre, d'une manihe quelquefois plus intense quand
its poussent par paires plutOt que seuls. Taus Jes isolats fongiques
ant montre quelque action cellulolytique; taus sauf A.fumigatus et
G. roseum ant i:tC capables de germer, de croitre, de sporuler et de
produire du pigment ades pressions osmotiqueselevees et taus ii des
basses pressions. Une des trois espl!ces inoculCes du papier
timbre neuf, Je A. terreus, var. aureus a developpC des hyphes et
produit du pigment en huit mois a RH constant 32.5%. II apparait
que des sels ferreux ou ferriques ne soot pas ni:cessaires pour
produire des pigments diffusant dans le milieuagar,Je milieu Jiquide
ou le papier filtre, mais que dans quelques cas ils intensifient Ia
cauleur.

a

Factores Biologicos de las Manchas en Sellos de Correos
Los pigmentos en las manchas de los sellosdecorreossecomportan
como fen61icoS. El examen microsc6pico de las manchas revela Ia
presencia de hifas dispersas vivas y muertas.
Se aislaron seis especies de Aspergillus y una de cada uno de
Penicillium y de G/iocladium, de sellas manchados, que fueron
capaces de prcducir pigmentos fen61icos en medias agarizados yen
papel filtro, algunas veccs m:is intensos cuando crecian en pares,
m:is que cuando crecian solos. Todos los hongos aislados muestran
un cierto grado de actividad celulolitica; todos, me nos A.fumigatus
y G. roseum, fueron capaces de germinar, crecer, esporular y
reproducir pigmentos en un grado de Osmosis alto, y todos en un
grado bajo. De las tres especies inoculadas sabre sellas nuevas uno,
A. terreus, variedad aureus, desarrollO hifas y produjo pigment as a
una RH constante de 32.5% a partir de ocho meses. Las sales
ferrosas y ferricas no parecan ser necesarias para Ia producci6n de
pigmentos difundidos en medias agarizados, medias liquidos o
papel filtro, pero en algunos especificos el color es m<is intense.

a

Des timbres inocuiCs avec A. terreus var. aureus sous Ia forme de
conidies puis irradii:s a Ia dose de 2.5 Mrad sont rcsti:s non taches
pendant Ia periode expCrimentale de deux ans.

Los sellas inoculados con conidia de A. terreus, variedad aureus,. e
irradiados con una dosis de 2.5 Mead permanecieron libres de
manchas a lo largo de los do aiios que durO el experimento.

Introduction

'

dampness affecting. Impurities in the paper, etc., and
biotic, such as fungi. Haynes-Cope (1976) and Press
( 1976) suggested that what they considered to be true
foxing was of biological origin, although they were
unable to indicate the causative organism(s). Meynall
and Newsam (1978, 1979) appear to be the first to have
concluded, through observation of hyphae and spores
only within foxed areas of paper, that the lesions arise
from fungal growth.

Although foxing of paper (irregular yellowish-brown
patches) is a common phenomenon, and can be a
problem in such expensive items as old manuscripts
and postage stamps, Meynall and Newsam (1979)
considered it "amazing that we know almost nothing
of their cause" for they are so common. These authors
summarized the various possible causes as cited in the
literature. as abiotic, or purely chemical, such as
accumulation of visible iron salts in the lesions,

Department of Plant Pathology and Microbiology, Faculty of Agriculture. The Hebrew University of Jerusalem, P.O. Box 12, Rehovot
76100, Israel.
(Received, February 1982; in final form December 1982)
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· - Biological Factors of Foxing in Postage Stamp Paper

Lea Nol, Y. Henis and R.G. Kenneth

Production of spots by artificial inoculation

As the value of postage stamps to the philatelist may
drop considerably due to foxing, we investigated this
phenomenon with the object of ascertaining whether
fungi could be shown to be responsible, and if so, to
identify the kinds involved. Furthermore, an attempt

Sheets of unused stamps (50/sheet) were inoculated by
smearing with a brush an area of ca. 9 x 9 em in the
center of the glued side of each sheet (10-12 stamps)
with a su~ension of Aspergillus terreus var. aureus
spores (10 /ml, 0.5 ml/sheet). Controls were smeared
with an equal amount of sterile water. The sheets were
then sealed separately in polyethylene bags and
incubated for 12 months at 28°C. Controls were run
with sterile distilled water. For each treatment, 10
sheets were used.

was made to pinpoint conditions which favour, or at

least allow, development of blotches on stamps.
Below we recount experiments which tend to
corroborate Meynall and Newsam's findings on paper
items other than stamps, mostly by other means, and
to deepen our understanding of the factors connected
with foxing.

Constant relative humidities were obtained in
hermetically sealed containers with stamps in one
experiment, by employing a saturated solution
method (Winston and Bates, 1960) at 25-30°C: RH
93.5-96%, -CaH,(PO,),.H,O; RH 75.5%, -NaCI; RH
55%, - glucose; RH 32.5%, - MgCh-6H,O.

Materials and Methods
Although foxing of stamps is a world-wide problem,
we used Israeli stamps in our investigations simply in
order to have a more detailed knowledge of time of
issue and conditions under which they had been held
until the start of the experiments. All stamps and
stamp paper were obtained from the Israel Philatelist
Service, Israel Ministry of Communications. All were
gummed and perforated and none were franked. Four
types were used, of which the first three had been held
at the archives of the Service, Jaffa-Tel Aviv, since
fabrication: Old (1952-1957) blotched individual
stamps of different issues; Sheets of relatively new
"Gan Hashlosha ( 1972)", unblotched stamps of one
issue; sheets of old (1957) unblotched, unprinted
stamp paper; sheets of newly produced, unblotched,
un-printed stamp paper. In the new sheets, which were
used for inoculation experiments, the glue consisted of
polyvinyl acetate obtained from Harrison, High
Wycombe, England.

y - irradiation: stamps placed in hermetically sealed
polyethylene bags were irradiated with a dose of 2.5
Mrad from a cobalt source of y rays at the Soreq
Nuclear Research Centre.
Experimental and Results

Microscopic Examination
Stamps of the first three categories- under Materials
and Methods- were cut into small squares, each square
chosen having one or more blotches, were placed on
glass microscope slides and were given the following
treatments: (a) Drops of lactophenol containing
cotton-blue stain were applied to the upper surface so
as to cover the entire square, a cover slip was added

For identification of phenols in agar or liquid media or
blotched paper, we added a freshly-made I: I mixture
of 1% solution (on anhydrous salt basis) of FeCI,.6H,O
and K,Fe (CN).,3H,O to the material (Barton, Evans
and Gardner, 1952; Sundman and Nase, 1972). The
appearance of a blue to green colour indicated
presence of phenols. For agar media, the fungus
colony was first removed before testing.

and the preparation heated until bubbles appeared.
Observations were made under a microscope with

brightfield and phase contrast illumination at 200500x magnification. (b) Freshly prepared trypan-blue
in distilled water was added as drops, and a cover slip
was placed. Preparations were immediately observed
under the microscope, trypan-blue acting as a vital dye
staining living cytoplasm within hyphae. Other
preparations were made by adding distilled water to
the squares, placing a cover slip, heating three times till
bubbles appeared so as to be certain that any hyphae
present would not remain alive; trypan-bluc in
distilled water was then run under the cover slip and
the excess absorbed by filter paper.
We found several kinds of hyphae within the same
square. All hyphae were septate and irregular, 2-41lm
wide. Cytoplasm, but not cell walls, was stained by
cotton-blue and the latter were hyaline. The hyphae
extended in all directions, running along, under and
sometimes spirally around the fibres. They were
particularly noticeable at edges of cut squares, as
fibres and hyphae became exposed to a greater degree.
Hyphae were more numerous, as a rule, within a lesion
than outside of it, but were often sparser in the centre
of the blotch than near the periphery. Old stamps that

In some experiments, phenols were tested according to
Swain and Hillis (1959) with the Folin~phenol reagent,
originally used for tannins (AOAC, 1980) which is
based on sodium tungstate and phosphomolybdic
acid. Water extracts of uninfected stamps were used as
a control and dihydroxy-phenylalanine (DOPA) was
used as a standard. Ultraviolet spectra of extracts of
stamps were run as follows: (Water-mashed) stamps
were extracted with water (0.5 ml/stamp) at room
temperature. The extract was diluted in 9 volumes of
distilled water. One ml aliquots were tested for phenols
by the ferric chloride/ferric cyanide test and by the
Falin reagent. The UV spectrum of 5 ml aliquots was
taken using Perkin-Elmer Model 55 (Coleman)
spectrophotometer. Fluorescence of spots was
examined with long wave UVL-22 lamp (Ultraviolet
Products Inc., San Gabriel, California).
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appeared to the naked eye to have few blo t~:he!>
neverthele s ~om e t1mcs displayed mo re hyphae than
did sta mps of di fferent issue!> with man) blotches.
Globo e and oval, unicellular, echi nulate conidta. ca.
4 ).lin dia m. occa ionally in short chai ns. were fo und on
the surfa~:e of some blotches. near to but not attached
to hyphae; they resembled conidia of some spet:Ie!> of
Aspergillus. Many individual typica lly flask-shaped
phia lides were observed (Fig. 1).
No hyphae could be discerned in new sta mps. nor in
old sta mps without lesions. In old foxed stamps,
hyphae we re observed bo th in blotches and in areas
between neigh bouring blotches, a nd to a smaller
extent so me distance fro m blotches.
Drops of water with trypan-blue were absorbed
quickl y only by the paper of stamps in which lesions
were pn:sent , and rapidly only in the blotched areas
themselves. No hyphae could be discovered in a ny of
the material which had been heated before taining.
whereas many short hyphae (with stained cytopla!>m
and hyaline cell-wall· a nd septa) were observed in, and
adjacent to. blotches when the dye was ap plied
without heat ing. Phi alid i~: cells attached to hyphae
were sometim e!. discerned.

Figure I.

In all the prepa rat ions the myct:l ium . wh1ch wa!>
hyaline, was never fo und to be dense in l'oxed areas
and was always even sparser in a reas beyo nd the
periphery of blotches. When these foxed sta mp were
tested fo r presence of phenolics by the ferric chloride fer ric cya nide te ·t, the results were posi tive for
blotched areas. but negative fo r unblotched one . A
the old stamp!> were 25-30 years old. and it wa!. not
known exactly when blotches began to appea r. it was
not possible to gauge the age of the mycel ium. even
when shown, through trypan-blue vital taining. to be
living.

there were no great differe nces bt:tween tht: number of
colonies obtained from the two types of stamps.
Among the fungi occasionally isolated from each. on
all but malt-salt agar, were some '>pecies of Alternaria.
C!ado~porium and Rrpolan!>. As the demallaceous
fu ngi showed no cellulo lytic ac t iv ity nor
osmotolerance (on malt-sa It agar). and as their h) phae
arc usually dark-wal led, unlike those tn our stamps,
they were eliminated from con!>ideration, a simply
ad\·entitious fungi, probabl) Isolated on the media
from conidia a surface con tam inant\ on the stamps.
T he rc t oft he fungi also did no t differ much (Table I).
Of particular tnterl:!>t Wall the findi ng of very COITII110n
··ordinary" mo uld !>pecie . rather than -.pecialized
kinds tha t might have been expected to find a
particularly favourable ecologtcal niche o n paper held
under relatively non-humid cond ition . such a
obligate osmophi les. None ol the latter were isolated
on malt-sa lt aga r (osmot ic pressure C<t. 31
atmospheres). a substrate which did not prevent.
however. the iso lat ion of ~i\ species (Table I).

Direct microscopic observat ion of
fungal element in a naturally foxed
postage stamp.
'J he cytoplasm of the hyaline hypha (ca

2Jlm wide) within a blotch IS tained
with cotton-blue in lact ophenol. on tht:
background of teast:d cellulose fibres.
Arrow points to flask- haped phialide.
\\ hite bar= IO).lm.

Isolation of Fungi
Old, foxed and new. un blotched ~ta mps were t<.:S ted.
Two methods were employed: (a) Homogenate of
~tamps and (b) Small sq uares plated in Pet ri dishes on
agar media . T he sta mp preparations w<.:rc plated
simult aneous!) on PDA. nutrient agar, Czapek agar
and ma lt-salt agar. For ho mogenitation, pieces of
~tamp in a small amou nt of sterile distilled wa ter were
gro und 111 a ~ter ilc mo rtar wit h pestle unt il a thick
lu rry was obtained. which was dil uted in clistilled
wate r to a tenth, wit h ni ne furt her dilutions, poured
11110 Petri d ishes contain ing 15 ml agar medium. and
spr<.:ad wllh a sterik gla rod. All dishe were calcd
wit h parati lm a nd hdd in a n inwbato1 in dark ne!.s at
28l'C The dishes were examined alter 7 day\. !·or (a).
fo ur dishes and for (b) ten dishes were employed a t
each of 10 dilut ions for new a nd for old o.;tamps.

All the above io;o((ncs -.ecreted p1gment). wh1ch
ditTmed into the agar. Colours were yellow. ora nge.
brown or rcdd1~h-brov.n. differing ac.:cording to
isolate. In all cases. the pigment:-. bch..tvcd a~ phenolic!>.
a tes ted by the method-. ofSundman and iise ( 1972)
a nd Swain and Hilli~ ( 1959).
In order to ascertain whic.:h Iungal specie' are likely to
be encountered within the centre of a lc'>ion, within a
le ion at its periphery and at a distance of I mm from
the edge of a blotch. we scratched fibre aggregates
from sta mps ( 1953) with a needle. plated them on
C7apek agar in Petri di-,he:-. and Incubated thc~:u l tures
a t 28llC (5 le ions x 10 replications for each of three
a reas = 150 <;amples). After 10 days, only 209( of

Wit h the rare exception of ome baci lli . neither lungi
nor bactena were fo un d on nutru.: nt agar . Dac teria,
therefore. a pparentl y we re not associated with these
blotches. Fungi ve ry oft en grew ou t of the paper of
both o ld and new tamp into the three oth er media:
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Table 1.
Fungi isolated from old foxed stamps and new
unfoxed stamps on PDA, Cza£ek agar and malt-salt
media at 28 C.
Fungal Species

Old, Foxed

Aspergillus carneus van Tieghem
A. flavus Link (with sclerotia)
A. flavus Link (lacking sclerotia)
A. fumigatus Thorn*
A. niger van Tieghem
A. terreus var. aureus Thorn
& Raper
A. tamarii Kita
G/iocladium roseum (Link) Thorn*
Penicillium fiJniculosum Thorn

•

••

Did not grow on
Infrequent

malt~salt

New, Unfoxed

+**

+
+
+
+

+
+
+
+

+
+

+
+

of some stamps showed colour intensity equivalent to
- 50 Jlm/mVstamp, when examined by the Folinphenol reagent and using DOPA as a standard.
Extracts of all the tested infected stamps showed a
maximum absorbance peak at the range of 270-280
nm, typical for phenolic compounds. Furthermore, a
20-30 unit shift to the longer UV range was observed in
extracts to which 0.1 ml of IN NaOH was added, and
this shift was reversed by reneutralizing the solution by
HCI, indicating the presence of typical-OH phenolic
groups (Scott 1964).
Nature of the Coloration of the Lesions

(a)

Pigmentation in Agar Medium and in
Filter Paper

Discs of Czapek agar, on which grew colonies of the

+**

various fungal species isolated from stamps, were

+

placed on Czapek agar in Petri dishes wrapped in
parafilm and held in darkness at 28°C for 14 days. In
one series, each species was grown alone; in the other,
two species (two discs) were placed a distance apart in
a Petri dish, and the mycelium allowed to meet. Four
replicates for each were employed.

agar.

The same treatments were made with single and paired
agar discs on I em' sterile filter paper (What man No.I)
placed in Petri dishes (4 squares/dish), mycelium side
in contact with the paper. For each treatment, four
replications were made.

lesions yielded colonies, which were all fungal; in the
rest, any fungi that might have been present were no
longer viable. A single lesion often yielded two species,
one or three occasionally, four rarely. Fungi
sometimes arose from one area of a lesion and not
from others. Most common were colonies from the
lesion periphery and least common from I mm from
the lesion. The most common species isolated was A.
niger, from all lesions from which isolations had
succeeded. This was the only species found outside the
lesion proper. Others, in order of frequency, were A.
fumigatus, A. jlavus, A. terreus var aureus and P.
funiculosum. Repetition of the experiment with stamps
of the same series and source yielded similar results.

At the meeting point of two fungal species on Czapek
agar, the colour (light yellow to reddish brown
according to species) was always different and
stronger than that of each constituent species. On filter
paper, one fungus sometimes overgrew the other, and
the colour of the paper was that of the pigment of the
stronger of the two, or both grew and formed a
meeting line at which a stronger colour was noticeable,
or both species which produced the same colour (light
yellow e.g. A. niger, A.jlavus) continued to do so when
grown in pairs. The pigments, both in agar media and
filter paper, were tested for phenols, with positive
results.

Production of Spots by Artificial Inoculation and Their
Chemical Nature

Unused stamps were artificially inoculated with A.
terreus var aureus. After two weeks of incubation at
28°C, they developed brown and yellow spots on the
glued side and heavy yellow-brown sporulation on the
printed side. When examined under a long wave UV
lamp, the yellow spots fluoresced strongly, whereas
the brown spots appeared darker, orange-brown. It
should be noted that the area of the sterile
uninoculated control smeared with sterile water also
showed some pale-blue fluorescence. However, the
fluorescence appeared to be weaker and different in
range from that of the inoculated treatment.
Individual stamps were taken from the treated area
and examined for the prescence of phenol-like
compounds by the ferric chloride potassium ferric
cyanide test (Sundman and Nase 1972), by the Falin
reagent (Swain & Hillis, 1959) and by their UV
spectrum (Scott, 1964). All these tests were positive for
the treatments and negative for the controls. Extracts

(b)
I.

The Effect of Addition of Iron Ions on
Pigment Production by the Fungi.

Intensity of colour in blotches on paper

On Czapek agar in which the carbon source was
absent, four sterile squares (I cm 2) of filter paper were
placed in each Petri dish and these were inoculated
with various isolates. The following treatments were
employed· medium without iron; medium enriched
with Fe++ (FeSO,, 0.1 g/1); medium enriched with
Fe+++ (FeCI,, 0.1 g/1). The Petri dishes were incubated
at 28"C for 6 weeks in darkness. There were 8
replicated Petri dishes per treatment.
Additon of iron, as Fe ++ and Fe +++, changed the
colour in some cases. Of the five species tested, A.
terreus and A. carneus reacted to both Fe ++ and Fe +++
, the former by change from brown to reddish, the
22
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translucency in the paper and the inability to
remove the paper from the agar without tearing
in relation to time indicated cellulolytic ability.
The dishes were examined bi-weekly for as long
as 6 weeks (3 dishes x 4 pieces). Atthesame time,
the degree of discoloration in the stamps by
phenol was recorded. Four types were found:

latter by a deepening of the yellow-brown colour. P.
funicu/osum reacted only to Fe +++, by giving red
rather than reddish-brown spots. A. niger and A.
jlavus, however, were indifferent to the addition of
iron to the medium.
2.

Intensity of colour in standing liquid culture

Strong cellulolytic activity + blotches within 6
days. A. terreus, G. roseum and P. funicu/osum.

We employed Czapek medium (50 ml in 100 ml
Erlenmeyer flasks), with either no iron, 0.1 g
FeS0,/1, or 0.1 g FeCh/1. There were three
replicate flasks for each treatment. Each flask
was inoculated with 0.2 ml conidial suspension
at a cone. of 40-50 x 10'/ml., and incubated in
darkness at 28°C for 25 days, after which
samples of the supernatant fluid were checked
for absorbance (y = 400 nm). The medium was
dried on filter paper at 100°C for 24 h and
weighed. The results are summarized in Table 2.

Weak to moderate cellulotyic activity+ blotches
within 6 days. A. carneus.
Strong cellulolytic activity, but blotches only
after a number of weeks. A. fumigatus.
Weak to moderate cellulolytic activity, but
blotches only after a number of weeks. A.jlavus,
A. niger and A. tamarii.

2.
Table 2.

Influence of addition of iron salts on intensity of pigmentation in standing liquid
culture of fungi isolated from stamps.
Without Iron

With

F~H

With Fe+H

Not
absorbance Weight Absorbance Weight Absorbance Weight
(400 nm)

A. cameus
A. terreus
A. funiculosum

1.20

0.195
0.350
0.290

0.80
0.75

5.6
0.85
0.65

0.238
0.196
0.135

11.2

0.322

1.7

0.273

1.4

0.315

A. carneus allowed much greater pigment intensity
with addition of Fe++ and particularly Fe+++ than in
the controls. The other two were definitely affected by
Fe+++; as the amount of mycelium containing FeSQ,
was much less than for controls, Fe++ actually yielded
greater colour intensity for equal weight of mycelium.

Strips of sterile filter paper (14x I em) were hung
within test tubes, fixed by cotton wool stoppers;
the strips came in contact with 5 ml liquid
Czapek medium lacking sucrose and iron, to
which had been added a suspension of 0.2 ml
conidia of the test fungus (40-50 x 10 4ml). For
each treatment there were four replicates. The
liquid medium with conidia rose by capillarity
up the strip, but fungal colonies developed on
the medium interface below. Test tubes were
held for as long as 4 weeks lmd tested frequently
by a stong wrist-flicking movement for
weakening of the strength of paper; those fungi
which cause the paper to tear early at the level of
the medium (e.g. 14-15 d) were considered to
have stronger cellulolytic activity than those
demanding 19-21 d. The results using the filterstrip method corroborated those of the
preceding experiment for strength of paper.
(b)

Additional Characterisation of Isolates of Fungal
Species on Stamp Paper

(a)

As the macroclimatic conditions for holding postage
stamps seldom are very humid, it is possible that fungi
present on and in stamps would need to be tolerant of
dryness and to be able to continue some degree of
growth under such conditions. Osmophilic and
osmotolerant fungi are known for seed coats
(Christensen and Kaufmann, 1969) and other dry
substrates (Griffin, 1972). Three methods were used to
ascertain osmotolerance: (I) Malt-salt agar containing
7.5 or 20% NaCI. All the species except A.fumigatus
and G. roseum grew and sporulated on the 7.5%
medium (31 atm.), and grew as well as on Czapek
medium without salt. On the medium with 20% salt,
only A. terreusandA. tamariigrewandsporulated, but
their colonies were more restricted than in the medium
lacking salt. (2) Czapek agar at 10-50% sucrose vs.
controls at 3% sucrose were tested at 28°C in darkness,
with four replicates. A. jlavus, A. niger and A. tamarii
displayed no differences between treatments and
controls in growth, sporulation and coloration of the
medium even at 50% sucrose (which would give 35
atmospheres (Scott, 1957)). A. terreus and A. carneus

Cellulolytic activity

As we could often see hyphae coiled around fibres in
stamp paper, it seemed possible that there might be
some degree of celluloytic activity. Furthermore, the
paper within blotches appeared to be weaker than
outside, for, upon scratching the surface of dry stamps
with a fine needle, Crumbs' were raised only where
4

lesions were present. However, as no holes had
appeared in the paper, we could not be certain that
weakness in the paper necessarily indicated
degradation by fungi of cellulose rather than of size.

We employed two methods for assessing cellulolytic
activity:
I.

Osmotolerance

Placing sterile filter paper (I cm 2) in petri dishes
on Czapek agar Ieacking a source of carbon, and
holding at 28°C in darkness, after having placed
agar discs with growing mycelium of the fungus
in question on the paper. Change toward
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grew more poorly above 20% sucrose than in the
controls and color intensity was reduced. P.
fimicu/osum grew more poorly at above 20%, but
coloration was stronger. (3) On liquid standing
Czapek medium, with addition of 10-50% sucrose
compared with 3% sucrose controls, P. fimicu/osum
showed after 3 wk. growth a slight rise in dry weight of
mycelium with rise in sucrose concentration, but a
steep continuous drop in absorbance at 400 nm. A.
terreus showed a greater rise in dry weight but high and
almost unchanging absorbance at all concentrations
(ca. 1.0-1.3).

bags and irradiated with y rays at a dose of 2.5 Mrad.
Five inoculated control sheets in scaled bags were left
unirradiated. No change in colour could be observed
in the irradiated stamps. Three inoculated and
irradiated sheets and three inoculated control sheets
were wetted by injecting I ml sterile water into the bags
to allow for adequately moist conditions for fungal
development. All the bags were incubated at 28°C for
two weeks. No blotches were discerned in noninoculated, non-irradiated stamps, and in the
inoculated irradiated ones, whereas strong blotching
developed in the inoculated, non-irradiated
treatments.

(c)
1.

Capacity to Produce Hyphae on Paper at
Different Relative Humidities.

Twelve 1-litre glass jars with hermetic closure
were used. Within, R.H. of 32.5, 55, 75.5 and
93.5-96% were attained by use of saturated salt
solutions according to the method described by
Winston & Bates (1960). New unprinted stamps,
with and without glue*, were inoculated with a
great number of dry conidia of A. niger, A.
terreus and A. jumigatus, held in the jars on fine
plastic screening on glass upright rods above the
solutions that determined R.H. within the jars.
Six pieces of stamp paper with, and six without
glue had been introduced into each jar. The jars
were held in darkness at 28°C for 3 months,
followed by 5 months on a laboratory bench.
The stamp paper with all three species displayed
a weft of mycelium and sporulation at 55% to
93.5-96% R.H., irrespective of whether glue was
present or not. Those with A. jumigatus and A.
terreus did so even at 32.5% R.H. Foxing,
however, occured only in those with A. terreus,
and at all humidities tested.

2

The same stamp paper was heavily inoculated, as
above (from the glue side when glue was
present), with the same species and then inserted
by sterile tweezers in cellophane strips on new
stamp album pages. Stamps with and without
glue were placed in alternate rows. Two pages
were assigned to each species and faced each
other, being sealed all around with cellotape. All
pages were kept in a laboratory desk drawer for 9
months (15-22°C).

Discussion
Although it has lately been claimed (Meynell and
Newsam, 1978) that the causal agents of foxing of
paper can be fungi, this has been by microscopic
observations alone and little has been done
experimentally. Furthermore, no such evidence has so
far been presented for postage stamps. Our results
obtained by microscopic examination confirmed their
findings in postage stamps. We found, by examination
of and isolation from naturally blotched paper of
postage stamps, that hyphae could be discerned not
only in the blotches themselves, but in areas which
seemed to be devoid of spots. The centre of blotches
often no longer showed evidence of viable hyphae, and
the periphery of the blotch often showed the greatest
amount of visible hyphae. The low density of fungal
hyphae in the paper, as well as their hyalinity, made it
obvious that hyphae per se could not be the actual
cause of discoloration. We found, instead, that they
produced pigments, which reacted positively to phenol
reagents such as ferric chloride potassium ferric
cyanide (Sudman and Niise, 1972) and Falin (Swain
and Hillis, 1959). Many fungi, especially those
involved in the humification of soil organic matter, are
capable of synthesizing phenolic compounds
(Feldbeck, 1971). A number of fungal species may be
present in a single blotch, and our experiments on agar
media and filter paper show, that in some
combinations, a stronger colour may be produced
than by each alone. As already indicated by other
authors, (Press, 1976, Baynes-Cope, 1976), we found
no clear relationship between blotching and iron.
Most of the fungal species we encountered were
indifferent to both Fe++ and Fe +++ for causing
intensity of colour in agar media and paper. However,

All stamps showed presence of mycelium on
both sides of each stamp, particularly near the
edges. Foxing, however, appeared only on those
inoculated with A. terreus, and regardless of
whether glue was present or not.
Effect ofy Irradiation on Blotching

Fifteen sheets of stamps of 1972 issue (with 50 stamps
in each) were inoculated with spores of A. terreus var.
aureus, placed in hermetically sealed polyethylene

•

Glue had been removed from the stamp paper by
washing with running tapwater, followed by
drying.
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Aspergillus carneus, A. terreus var. aureus and
Penicillium funicu/osum produced stronger colour in
the presence of iron salts.

It was surprising that the isolated causal agents of the
blotching were very common, "ordinary" fungi,
rather than any specialized types. They may be
characterized, however, by their relative
osmotolerance, a character which should allow them
to exist in the paper under rather dry conditions. A.
terreus produced hyphae and conidia and yielded
blotches on stamp paper even at constant 32.5% R.H.
and grew on agar media with 50% sucrose or 20%
NaCl, and thus seemed to meet the qualifications for a
blotch-inducing species more than did the others. No
obligate osmophiles were found.
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Although all these species can utilize cellulose to one
degree or another, it is not at all certain that strong
cellulolytic capacity is necessary for the fungi to exist
in paper and cause blotching. Dematiaceous
hyphomycetes, such as Alternaria. Cladosporium,
Bipolaris, etc. occasionally isolated from new and old
stamps, did not yield blotches nor prove to have
cellulolytic capacity, and were considered to simply be
adventitious, by surface contamination by conidia. It
is likely that such common species of Aspergillus,
capable of inducing blotches on stamp paper, colonize
the paper by way of air-borne conidia.
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Grain Storage
University of Minnesota Press, Minneapolis.

Feldbeck, G.T. (197!)
Chemical and biological characterization of humic matter
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Ecology of Soil Fungi
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Meynall, G.G. and Ncwsam, R.J. (1978)
Foxing, a fungal infection of paper.
Nature 274: 467-468.

In this work, the principles of Koch postulates were
applied for the first time to demonstrate the
relationship between the fungus Aspergillus terreus
and blotching of stamp paper. Only stamp sheets
inoculated with A. terreus spores and inoculated under
suitable conditions developed brown and yellow
blotching. The A. terreus-produced brown spots
seemed to fit the definition of Baynes-Cope (1976) of
foxing, i.e. '"a brown area which fluoresces an orangebrown colour and is surrounded by a pale-blue zone".
However, in addition to the brown pigmentation, A.
terreus produced yellow spots which showed strong
bright fluorescence. Water extracts of the blotched
stamps reacted positively to phenol reagents.
According to Swain (1969}, the ferric chloridepotassium ferric cyanide reagent used in this work is
fairly specific for phenolic compounds. Other tests
used (Falin phenol reagent and UV spectrum) were
also positive. At present, there is no data available
regarding the precise chemical nature of the blotching
involved in "natural". foxing processes. One cannot
say, therefore, whether or not the A. terreus-produced
spots are identical with the natural foxing
phenomenon and more information is required
regardings its chemical nature.

Meynell, G.G. and Newsam, R.J. (1979)
Foxed paper and its problems
New Scientist 83:567
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Observations on the foxing of paper
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Oxford, at the Clarendon Press.
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The phenolic constituents of Prunus domestica. I. The
quantitative analysis of phenolic constituents.
J. Sci. Food Agric. 10: 63-68.
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The synergistic ability of some wood-degrading fungi to
transform lignins and lignosulfonates on various media.
Archiv. filr Microbiologic 86: 339-348.

Finally, we demonstrated here that y irradiation can
be successfully used for inactivation of biological
blotching agents in stamps as well as other paper
items. This can turn out to be a relatively cheap and
safe method for high value paper items.

Winston, P.W. and Bates, D.H. (1960)
Saturated solutions for the control of humidity in biology
research.
Ecology 41(1): 232-236.
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CELL WALL DEGRADING ENZYMES ASSOCIATED WITH DETERIORATION OF COCOA
BEANS BY PENICILLIUM STECK!!
P.O. Olutiola 1

Zellwand-abbaucndc Enzyme bein Befall von Kakaobohnen durch
Penicillium steckii

Summary
During the deterioration of cocoa beans caused by Penicillium
steckii, a complex of proteins which possessed cellulase,
polygalacturonase, pectin methylesterase and pectin transeliminase
activities were produced. These enzymes, except for the occasional
traces of pectin methylesterase, were not detectable in healty cocoa
beans. The enzyme complex was partially purified by a combination
of ammonium sulphate precipitation, gel filtration and ionexchange chromatography, and possessed a molecular weight of
approximately 91400 Daltons. Maximum activity of the cellulase,
polygalacturonase, pectin methylesterase and pectin transeliminase
occurred at pH 4.5, 5.0, 8.0 and 8.5 respectively. Optimum
temperature for cellulase was 30°C, and 40°C for polygalacturonase,
pectin methylesterase or pectin transeliminase. The enzymes were
stimulated by low concentrations of Ca++ and Mg++ but inhibited
by ethylendiamine tetraacetic acid.

Wahrend des Befalls von Kakaobohnen durch Penicillium steckii
wurde ein Proteinkomplex gebildet, der Cellulse-,
Polygalacturonase-, Pektin-Methylesterase- und PektinTranseliminase- Aktivitfit besitzt. Diese Enzyme, ausgenommen
gelegentlich auftretende Spuren von Pektin-Methylesterase, wurden
in gesunden Kakobohnen nicht gefunden. Der Enzymkomplex
wurde teilweise gcreinigt durch cine kombinierte Ausf:illung mit
Ammoniumsulfat, Gelfiltrierung und IonenaustaushChromatographie und wies ein Molekulargewicht von ca. 914000
Daltons auf. Die maximale Aktivit:it der Cellulase,
Polygalacturonase, Pektin-Methylesterase und PektinTranseliminase trat bei pH-Werten von 4,5, 5,0, 8,0 bzw. 8,5 auf.
Das Tern pcraturoptimum fOr die Cellulase lag bci 30°C und bei 40°C
filr Polygalacturonase, Pektin-Methylesterase oder PektinTranseliminase. Die Enzyme wurden durch geringe
Knozentrationen von Ca++ und Mg++ gefOrdert und durch EDTA
(Ethyldiamintetraessigsiiure) gchcmmt.

Enzymes degradant Ia paroi cellulaire en association avec Ia
deterioration des f'Cvcs de coco par Penicilium steckii.
Degradaci6n de Ia pared celular y deterioraciOn del fruto de cacao por
Penicillium steckii.

Au cours de Ia dCthiorationdes fevesdecoco pa.r Penicillium steckii,
a activitC cellulase,
polygalacturonase, pectine methyl-esterase et pectine transeliminase. Ces enzymes, sauf pour des traces occasionnelles de
pectine methylestCrase, n' l:taient pas dl:celables dans les teves de
coco saines. On a partiellement purifil: le complexe d' enzymes par
unc combinaison de precipitation au sulfate, filtration sur gel et
chromatographic d' €:change d' ions; leur masse molaire Ctait d'
environ 91400 Dahons. L' activit{: maximum de Ia cellulase,
polygalacturonase, pectine methylesterase et pectine transeliminase
s' est produitc respectivement aux pH de. 4,5 - 5,0 - 8,8 - 8,5. La
templ:ratude optimum pour Ia cellulase fut de 30°C et de 40°C pour
les polygalacturonase, pectine methylesthase et transl:liminase. Les
enzymes furent stimull:es par de basses concentration en Ca++ et
Mg++ mais inhibecs par l'acide CthyiC:ne tC:traacCtique.
il s'est produit un complexe de proteines

Un complejo de proteinas que posee actividad enzimiitica de
celulasa, poligalacturonasa, pectin-metilesterasa y pectintranseliminase se produce en Ia deterioraci6n de losfrutos del cacao
por Penicillium steckii. Estos enzimas, excepto pectin-metilesterasa
en trazas en algUn caso, no se pueden identificar en frutos sanos.
El complejo enzim:itico rue parcialmente purificado mediante una
combinaci6n de precipitaci6n con sulfa to am6nico, gel-filtraci6n y
cromatografia de intercambio i6nico y tiene un peso molecular del
arden de 91400 Daltones. La maxima actividad de los cuatro
enzimas citados tiene Iugar a pH 4,5; 5,0; 8,0 y 8,5 respectivamente.
Par otra partes, Ia temperatura Optima para Ia celulasa fuC de 30°C y
40°C para las otras tres. Todas elias son estimuladas par bajas
concentraciones de Ca++ y Mg++ pcro inhibidas par el :icido
etilendiamino tetracetico.

Therefore the ability of a phytopathogen to produce
enzymes necessary for the degradation of these cell
wall components will be an advantage in infection
(Wood, 1960; Hunter and Elkan, 1975). Hence is was
thought necessary to examine production of pectic and
cellulolytic enzymes during infection of cocoa beans
by P. steckii. Attempts were made to partially purify
and characterise the enzymes.

Introduction
Cocoa beans have been found to be liable to serious
microbiological deterioration during storage (Riley,
1968; Broadbent, 1968; Broadbent and Oyeniran,
1968). One of the important fungi associated with this
deterioration is Penicillium steckii Zaleski (Oyeniran,
1970).
Microbiological attack on stored products usually
results in economtc loss either by imparting
unpleasant flavour, odour and colour or by causing
structural changes which render the material unusable
for its original function. The major cell-wall
constituents are pectic and cellulosic substances
(Alexander. 1961; Joslyn, 1962; McClendon. 1964).

Methods and Materials
Inoculation of cocoa beans

The isolate (NSPRI. Ill) of Penicillium steckii Zaleski
used was from the culture collection of the Nigerian
Stored Products Research Institute, Ibadan. It was

Department of Microbiology, University of lfe, lle-Ife, Nigeria. Present address: Department of Botany. Obafemi Awolowo University,
P.M.B. 5363, Ado-Ekiti, Ondo State, Nigeria.
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Olutiola, 1972), and was contained in a water Jacket at
4°C. The column was equilibrated with 0.1 M citrate
phosphate buffer (pH 7.0) containing 0.1 M NaCl and
5 mM NaN,. Ten ml of the sterile enzyme concentrate
was applied to the column and eluted with the same
buffer. Measurement of protein content of the eluted
fractions (5 mVtube) and the calibration of the column
with proteins of known molecular wt were as
previously described (Olutiola, 1976). Each of the
fractions was analysed for cellulase,
polygalacturonase, pectin methylesterase and pectin

isolated from mouldy cocoa beans. Stock cultures
were maintained on 1% malt extract agar slants.
Seventy-two-h old agar slant cultures were employed
as inoculum.

Healthy cocoa beans were surface-sterilized,
aseptically sliced into approximately 2 mm sections
and placed in sterile 250 ml Erlenmeyer flasks. Each
flask contained 20g of cocoa bean tissue plus I ml
spore suspension (diluted to give approximately 105
spores/ml). All experimental flasks were incubated at
30°C. Control cocoa beans sliced and similarly treated,
but without inoculation, were incubated under the

transeliminase activities.

same conditions.

Fractionation by ion-exchange chromatography

Extraction of enzymes from tissues

Fractions (16-26) from Sephadex G-100 column which
exhibited appreciable enzymic activity were pooled,
and the proteins were precipitated with ammonium
sulphate as described above. The ammonium sulphate
precipitate was treated as before and applied to a
column (340 x 25 mm) of CM Sephadex C-50.
Preparation of the column and monitoring of column
effluents were as mentioned above. Each fraction was
also analysed for cellulase and pectinase enzymes.

Within fourteen days of incubation, the inoculated
cocoa slices had become covered with dense mats of
mycelia and conidia. The contents of each flask were
removed, chilled and macerated in a homogeniser
(MSE, England) as previously described(Olutiola and
Akintunde, 1979). The extractant was 0.1 M citrate
phosphate buffer (pH 7.0) containing 0.2N NaCI. The
homogenate was filtered through glass fibre paper and
clarified by centrifugation at 15,000 x g for 15 min at
4°C. The supernatant was employed as crude enzyme
preparation.

Enzyme assays
Cellulase: Cellulase activity was determined by
the percentage reduction in the viscosity of CMcellulose and by the release of reducing sugars from
this substrate as described by Olutiola (1976). Activity
towards insoluble celluloses (cellulose powder, viscose
cellulose and Whatman No.I filter paper) was
performed as previously described (Olutiola, 1976).

Preparation of enzymes for column chromatography

The crude enzyme preparation was dialysed using
acetylated cellophane tubing (Olutiola and Cole,
1977). The dialysis was for 18 h against several changes
of 0.1 M citrate phosphate buffer (pH 7.0) at 4°C. The
dialysate was coloured and somehow viscous.
Effective colour removal was carried out by a batch
adsorption step ('A guide to ion exchange
chromatography', Pharmacia Fine Chemicals,
Sweden). Dry DEAE Sephadex A-25 was added to the
dialysate (15 mg/ml, w/v) and stirred continuously at
4°C for 24 h. The resulting slurry was layererd on top
of a DEAE Sephadex A- 25 column (250 mm x 25 mm)
equilibrated with O.IM citrate phospate buffer (pH
7.0) and eluted as previously described (Olutiola and
Cole, 1977). In this way an approximately 5-fold
concentrate of the enzyme preparation was obtained
and the slight viscosity was eliminated. Proteins in the
preparation were precipitated with ammonium
sulphate (analytical grade) between the limits of 4095% saturation (Olutiola and Akintunde, 1979). The
precipitates were redissolved in O.IM citrate
phosphate buffer (pH 7.0) to give a 10-fold
concentration of the original enzyme preparation. The
filtrate was then dialysed as mentioned above. The
dialysate was further clarified by centrifugation
(15,000 x g at 4°C for 15 min) and sterilized by
membrane filtration (Oxoid, 0.45 J.l) before separation
on Sephadex G- 100 column.

Polygalacturonase: Polygalacturonase activity
was determined as mentioned above for cellulase
activity excpet that the substrate was I% (w/v) pectin
in citrate phosphate buffer (pH 5.0) unless otherwise
stated. D-galacturonic acid was used as standard for
the reducing sugars.
Pectin methyle.sterase and pectin transefiminase
activities: Pectin methylesterase and pectin
transeliminase activities were analysed as previously

described (Olutiola and Akintunde, 1979).
Tissue maceration and cellular death

The ability of the enzyme preparation to macerate
potato tissue disks was determined by the technique of
Olutiola and Akintunde (1979). The experiments were
incubated for 60 min at35°C, employing 0.02 M citrate
phosphate (pH 5.0) and 0.02 M Tris- HCl (pH 8.0) as
buffers respectively.
Cellular death was estimated by the technique ofTribe
( 1955). Potato disks were placed in enzyme buffered at
pH 5.0 (0.02 M citrate phosphate) and pH 8.0 (0.02 M
tris-HCl) respectively. After incubation for 60 min at
35°C, disks were transferred to a plasmolizing solution
containing Neutral Red and I ml of either 0.05 M
citrate phosphate buffer (pH 5.0) or 0.05 M Tris-HCl
buffer (pH 8.0). After 20 min the disks were washed in
I M KNO., solution. Cells which retained the Neutral

Fractionation on Sephadex G - 100

A column (640 x 25 mm) of Sephadex G-100 was
prepared as previously described (Andrews, 1964;
28
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Table I.
Partial purification of cellulase from cocoa beans infected by Penicillium steckii.
Each value is the mean of three replicates with standard error
Total
activity
(U)

Total
protein
(mg)

1075 ± 3.7

Dialysed extract

Purification step

Specific
activity
(U/mg)

Yield

415 ± 1.4

2.6 ± 0.02

100

977 ± 2.8

284 ± 2.5

3.4 ± O.Q3

90.9

1.3

Batch adsorption
(D EAE-Sephadex)

898 ± 1.9

179 ± 2.5

5.0 ± O.Q7

83.5

1.9

1st ammonium Sulphate
precipitation

863 ± 2.1

30.9 ± 0.3

27.9 ± 0.25

80.3

10.7

Sephadex G-100
Peak A

785 ± 1.9

6.7 ±0.4

117.2 ± 7.2

70.0

45.1

2nd ammonium sulphate
precipitation

660 ± 2.5

3.4 ± O.Q7

194.1 ± 3.3

61.3

74.7

Sephadex C-50
Peak Aa
Peak Ab

384 ± 2.8

1.20 ± 0.08

320.0 ± 3.9

35.7

123.1

270 ± 3.1

0.70 ± 3.1

385.7±4.1

25.1

148.3

Crude extract

(%)

Purification
(fold)
1.0

Table 2.
Partial purification of polygalacturonase from cocoa beans infected by Penicillium steckii.
Each value is the mean of three replicates, with standard error.
Total
activity
(U)

Total
protein
(mg)

Crude extract

798 ± 5.7

Dialysed extract

Specific
activity
(U/mg)

Yield

415 ± 1.4

1.9 ± 0.01

100

609 ± 4.9

284 ± 2.5

2.1 ± O.oJ

76.3

1.1

Batch adsorption
(DEAE-Sephadex)

597 ± 4.4

179 ± 6.0

3.3 ± 0.09

74.8

1.7

1st ammonium sulphate
precipitation

498 ± 6.5

30.9 ± 0.3

16.1 ± 0.04

62.4

8.5

Sephadex G-100
Peak A

409 ± 3.2

6.7 ± 0.9

61.0±4.1

51.3

32.1

2nd ammonium sulphate
precipitation

371 ± 3.5

3.4 ± 0.1

109.1 ± 1.2

46.5

57.4

180 ± 3.1
83 ± 0.7
105 ± 1.8

1.20 ± 0.2
0.70 ± 0.02
0.75 ± O.Q3

150.0 ± 6.5
118.6 ± 1.4
140.0 ± 3.6

22.6
10.4
13.2

78.9
62.5
73.7

Purification step

Sephadex C-50
Peak Aa
Peak Ab
Peak Ac
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(%)

Purification
(fold)
1.0
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Table 3.

Partial purification of pectin methylesterase from cocoa beans infected by Penicillium steckii.
Each value is the mean of three replicates with standard error.
Purification
(fold)

Specific
activity
(U/mg)

Yield

415 ± 1.4

4.2 ± 0.01

100

1691 ± 5.7

284 ± 2.5

6.0 ± 0.04

98.0

1.4

Batch adsorption
(DEAE-Sephadex)

1572 ± 7.4

179 ± 6.7

8.8 ± 0.3

91.1

2.1

1st Ammonium sulphate
precipitation

1429 ± 3.1

30.9 ± 0.3

46.2 ± 0.4

82.8

11.0

Sephadex G-100
Peak A

1327 ± 2.1

6.7 ± 0.4

198.1 ± 12.3

76.9

47.2

2nd Ammonium sulphate
precipitation

1262 ± 3.7

3.4 ± 0.1

371.2±6.7

73.2

88.4

1.20 ± 0.04
0.70 ± 0.01

642.5 ± 19.5
695.7 ± 11.6

44.7
28.2

153.0
165.5

Total
activity
(U)

Total
protein
(mg)

Crude extract

1725 ± 2.1

Dialysed extract

Purification step

Sephadex C-50
Peak Aa
Peak Ab

771 ± 5.1
487 ± 1.9

(%)

1.0

Table 4

Partial purification of pectin transeliminase from cocoa beans infected by Penicillium steckii.
Each value is the mean of three replicates with standard error.
Specific
activity
(U/mg)

Yield

Purification
(fold)

Total
activity
(U)

Total
protein
(mg)

Crude extract

1495 ± 6.7

415 ± 1.4

3.6 ± 0.01

Dialysed extract

1299 ± 3.7

284 ± 2.5

4.6± 0.03

86.9

1.3

Batch adsorption
(DEAE-Sephadex)

1157 ±

1.2

179 ± 2.7

6.5 ± 0.1

77.4

1.8

987 ±

1.9

30.9 ± 0.3

31.9 ± 0.5

66.0

8.9

895 12.7

6.7 ± 0.3

133.6 ± 6.7

59.9

37.1

814 ± 3.1

3.4 ± 0.1

239.4 ± 4.2

54.4

66.5

492 ± 1.9
317 ± 4.9

0.75 ± 0.02
0.58 ± 0.02

656.0 ± 14.2
546.6 ± 10.2

32.9
21.2

182.2
151.8

Purification step

1st Ammonium sulphate
precipitation
Sephadex G-100
Peak A
2nd Ammonium sulphate
precipitation
Sephadex C-50
Peak Ac
Peak Ad
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EDTA (I to 20 mM) employed were inhibitory to the
activity of each of the enzymes (Fig.5), and a
concentration of 15 mM resulted in complete
inhibition of enzyme activity.

Red colouration were assumed to be living while those
which lost the dye were termed dead cells.
Results

Km Values

Fractionation on Sephadex G-100.

Activities of cellulase, polygalacturonase, pectin
methylesterase and pectin transeliminase increased
gradually as the substrate concentration increased.
From the Lineweaver-Burk plots of the rate of enzyme

Separation of the enzyme complex on Sephadex G- 100
led to a single peak of absorption designated A (Fig. I).
The molecular wt of this component from its elution
volume was approximately 91,400 Daltons. The
component also exhibited cellulase, polygalacturonase, pectin methylesterase and pectin transeliminase

activity versus substrate concentration, the apparent

kM of cellulase for the hydrolysis ofCM-Cellulose was
approximately 3.3 mg/ml (Fig.6), and those for
polygalacturonase, pectin methylesterase and pectin
transeliminase for the hydrolysis of pectin were 16.7,
7.1, and 14.3 mg/ml respectively (Fig.?).

activities.

Further fractionation on CM Sephadex C-50.

When the components of peak A (Fig.!) were
separated on Sephadex C-50, four peaks of absorption
were obtained designated Aa, Ab, Ac and Ad
respectively (Fig.2). Components of peaks Aa and Ab
exhibited cellulase, polygalacturoanse and pectin
methylesterase activities, but lacked pectin
transeliminase activity, while components of peak Ac
possessed Polygalacturonase and pectin
transeliminase activities but lacked cellulase and
pectin methylesterase activities. However components
of peak Ad possessed only pectin transeliminase
activity.

Tissue maceration and cellular death

The partially purified enzyme complex caused
maceration and cellular death of potato tissue, the
effect being higher at pH 8.0 than at pH 5.0
Discussion

Cocoa beans infected by Penicillium steckii contained
enzymes capable of degrading soluble and insoluble
cellulosic substrates. Extracts from healthy cocoa
beans lacked activity towards both forms of cellulose,
indicating absence of cellulolytic activity. In this
investigation, specific assays were not made to detect
C 1enzyme. However hydrolysis of insoluble celluloses
is believed to indicate presence of C1 activity (Selby
and Maitland, 1967; Whitney et a/., 1969; Olutiola,
1972). Production ofcellulases in plant tissues infected
by pathogens has been reported (Bateman, 1964;
Hancock and Millar, 1965). The Penicillium- infected
tissues contained enzymes which degraded pectin
hydrolytically and by a transeliminative mechanism,
indicating polygalacturonase, pectin methylesterase
and pectin transeliminase activities (Talboys and
Busch, 1970; Olutiola and Akintunde, 1979). Extracts
from healthy tissues lacked such enzyme activity.
Similar enzymes have been reported for other
pathogen - infected plant tissues (Bateman, 1963,
1966; Reddy eta/., 1969; Hagar and Mcintyre, 1972).
The absence of cellulase, polygalacturonase and pectin
transeliminase activities from healthy tissues indicates
that the enzymes are of fungal origin. However traces
of pectin methylesterase occurred occasionally in
uninfected cocoa beans although much more activity
occurred in infected tissues. It has been suggested that
perhaps host and pathogen contribute to the
production of pectin methylesterase in infected tissues
(Oiutiola and Akintunde, 1979).

Properties of the partially purified enzymes.

The enzymes were partially purified by subjecting to
ammonium sulphate fractionation followed by
dialysis and were separated by molecular exclusion
and ion-exchange chromatography (Table 1-4). The
second ammonium sulphate extracts following gel
filtration gave purification folds of approximately 75,
64 and 83 respectively.
These fractions were employed to examine some
characteristics of the enzymes.
Effect of pH and temperature.

Maximum activity of the enzymes occurred at pH 4.5,
5.0, 80 and 8.5 for cellulase, polygalacturonase,
pectinmethylesterase and pectintranseliminase
activities respectively (Fi!l,'3). Optimum temperatures
for their activities were 30 C for cellulase, and40°C for
each of the pectinase enzymes (Fig.4).
Effect of Ca++, Mg++ and ethylenediamine tetraacetic
acid (EDTA).

Activity of each enzyme was stimulated by ca++ and
Mg++ respectively (Fig.5). Concentration of Mg++
exceeding iO mM produced no further increase in
pectin methylesterase activity and caused a slight
inhibition of polygalacturonase activity. Also Ca++
concentration exceeding 15 mM was slightly
inhibitory to polygalacturonase and pectin
transeliminase activity. All the concentrations of

The occurrence of pectic and cellulolytic enzymes in
the infected tissues coupled with their ability to cause
tissue maceration and cellular death, suggest a role for
these enzymes during the deterioration of cocoa beans
by P. steckii. The role of pectinases and cellulases in
pathogenicity has been discussed (Husain and
Dimond), 1960; Bateman 1964; Hancock eta/., 1964;
Wood, 1967; Garibaldi and Bateman, 1971).
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SHORTER COMMUNICATIONS
THE BIODETERIORATION OF THE PLASTICISER DIOCTYL PHTHALATE
G.R. Williams 1,
Introduction
Plasticisers are added to plastic materials to increase
flexibility. They work by separating the polymer
chains so that the intermolecular forces between the
chains are weakened. Chloroprene rubber also
contains plasticisers to make the rubber suitable for
low temperature use. The degree of susceptibility of
plasticisers to microbial attack exercises a profound
influence on the susceptibility of the whole material.
Several surveys have been conducted on the resistance
of plasticisers to mould growth (Brown, 1945;
Lightbody eta/., 1954; Stahl & Pessen, 1953; Turner,
1967). Phthalates, especially dioctyl phthalate (DOP),
are generally considered to be resistant to mould
growth, although traces of growth have been found on
this compound (Berk et a/., 1957). However, the
bacterium Serratia marcescens has been found to
utilise DOP as sole source of carbon and energy
(Mathur & Rouatt, 1975), and DOP degradation
occurred by constitutive esterase enzymes to phthalic
acid, and further deterioration was catalysed by
adaptive enzymes. This paper describes the
breakdown of DOP by a Bacillus sp.
Experimental
Chemicals: All chemicals were obtained from Aldrich
Ltd. and were of the purest grade available.
Chloroprene rubber sheets (15cm x 7.5cm x 0.2cm)
were supplied by the MQAD Rubber Mill Room,
consisting of Neoprene: 100; DOP: 8; ZnO: 5; MgO: 4
(pph rubber).
Growth and harvesting of organisms: Organisms were
grown in 500ml of Bushnell Haas broth (BH) (Busnell
& Haas, 1941) supplemented with 5% DOP as the sole
carbon sourcet contained in I litre conical flask on an
orbital shaker (200 rev/min). Solid media were
prepared by the addition of 1.5% Difco-Noble agar to
the liquid medium. Organisms were harvested by
centrifugation at 30,000g for I hour.
Cell free extracts: Cell free extracts were prepared by
subjecting cells to ultrasonic disruption for 5 min and
remaining whole cells removed by centrifugation.

Respirometric experiments: Respirometric experiments
were performed at 25°C in a War burg apparatus.
Thin layer chromatography (TLC): DOP and related
compounds are separated on methylene chloride
(system I) and on di-isopropyl either: formic acid:
water (90:7:3) (system II) on silica gel G (UV 254)
plates. Rf valves on system I and II respectively were,
DOP (0.71, 0.95); dibutyl phthalate (0.57, 0.88);

2
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diethyl phthalate (0.43, 0.82); dimethyl phthalate
(0.42, 0.74) and phthalic acid (O.G7, 0.66). Spots were
detected under UV light.
Gas liquid Chromatography (GLC): Chloroprene
rubber samples were heated in a limited space at 130°C
for 6 mins, in order to measure volatile compounds
which were then examined by GLC using a 2 meter
column packed with 8% OV-17 on chromosorh WHO, temperature programmed at 40°C min -J up to
280°C, detector temperature 300°C.
Physical testing: Microhardness tests were performed
according to British Standard 903 A26 method M
( 1969) and low temperature torsional modules for 70
mega pascals was performed according to British
standard 903 Al3 (1972).
Results
Organisms capable of growth on DOP were isolated
on solid DOP media from unsterilized John Innes
No.I soil. Organisms were identified as large gram
positive rods which formed spores predominately in
the centre of the oell. Further tests on MR/VP media
tentatively identified the organism as Bacillus
megaterium. Growth of the organisms in liquid culture
was complete in two weeks, however growth was
accompanied with an emulsification of the medium.
No accumulation of phthalates could be detected by
TLC in the culture filtrates.
Organisms grown on DOP in liquid culture were
harvested, washed and resuspended in 50 ml BH
broth. These organisms could rapidly oxidise a range
of phthalates without a lag period, as determined
respirometrically. These phthalates include DOP
(22. 3), dibutyl phthalate ( 13.3), diethyl phthalate
(16.6), dimethyl phthalate (53.3) and phthalic acid
(103.9). Figures in brackets represent the QO, values
(in n moles/min/mg dry wt. cells) corrected for
endogenous respiration. Two intermediates in
aromatic ring degradation, catechol (1.8) and
protocatechoic acid (27.3) were also tested, and the
latter compound was readily oxidised without a lag
period.
As no accumulated compounds could be detected in
culture filtrates of DOP grown cells, cell free extracts
of B. megaterium were incubated with NADH and
DOP for 8 hours. After this period, an intermediate
was found which co-chromatographed with dimethyl
phthalate (0.42, 0.74 Rf values for systems I and II
respectively) as determined by TLC. Controls lacking
NADH, DOP or cell free extract did not form
dimethyl phthalate.
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bacteria do not cause a measurable deterioration of

chloroprene rubber containing DOP over a 28 day
period, and no further deterioration would occur as
cells responsible for DOP breakdown had sporulated.
These organisms may grow on DOP which had
leached out of the rubbers, as DOP content of the
rubbers was found to decrease with immersion in
water, as determined by G LC.
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