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Abstract

The combined effects of water activity (ay) and temperature on mycotoxin production by Penicilium commune
(cyclopiazonic acid — CPA) and Aspergillus flavus (CPA and aflatoxins — AF) were studied on maize over a 14-
day period using a statistical experimental design. Analysis of variance showed a highly significant interaction
(P < 0.001) between these factors and mycotoxin production. The minimum a/temperature for CPA production
(2264 ngg™! P. commune, 709 ngg~" A. flavus) was 0.90 a/30 °C while greatest production (7678 ngg~! P
commune, 1876 ngg™' A. flavus) was produced at 0.98 a,,/20 °C. Least AF (411 ngg~!) was produced at 0.90
aw/20 °C and most (3096 ng g—!) at 0.98 a,,/30 °C.
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Introduction

The mycoflora of stored cereals commonly includes
Aspergillus flavus and several species of Penicillium
and Fusarium [1, 2, 3]. Some of these fungi produce
mycotoxins that are detrimental to human and animal
health. Cyclopiazonic acid (CPA) is unique in that it is
the only mycotoxin that affects muscle tissue in chick-
ens and other animals [4-6]. CPA, produced by P. com-
mune, is being increasingly reported from foods and
feeds [7—10]. One reason for this is the reclassification
of all isolates earlier reported to produce CPA, ie. P
cyclopium (P. aurantiogriseum), P. puberulum, and P,
viridicatum, as P. commune [8, 11, 12]. This has made
P, commune the predominant source of CPA among the
penicillia [10].

Isolates of 4. flavus have also been increasingly
reported to produce CPA together with aflatoxins (AF)
[13-16]. AF are toxic, carcinogenic, and probably
immunosuppressive metabolites [17, 18]. However, it
is interesting to note that 4. parasiticus, which also
produces AF, does not produce CPA [19].

AF and CPA have been found together as contam-
inants in different foodstuffs [20-22], and have been
shown to cause health problems in animals and humans
resulting in economic losses [17, 18, 21, 23]. It is,
therefore, important that production of these toxins is
controlled. To achieve this, it is necessary to under-
stand fully the most important environmental factors
affecting production and their interactions.

Temperature and water activity (ay) are criti-
cal environmental factors affecting the production of
mycotoxins [24-26]. The effects of temperature and a,,
on aflatoxin production by 4. flavus in maize have been
determined and optimal production has been shown to
occur at 30 °C and 0.98 ay, [20, 30]. The optimum tem-
perature for CPA production by Penicillium isolates is
25 °C [20, 29], but little is known of the effect of ay,
on CPA production. More information is required on
the interaction between temperature and a,, on CPA
production by P. commune and A. flavus.

Statistically valid experimental designs are being
used increasingly in mycotoxin studies [31-33]. Fac-
torial designs have been used particularly where the
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magnitude of effects from changing the level of one
factor depends on the levels of other factors used in
treatment combinations [32]. This study demonstrates
the effect of interaction between temperature and a,, on
the co-production of aflatoxins and cyclopiazonic acid
by an isolate of 4. flavus and cyclopiazonic acid pro-
duction by P commune on maize using a full factorial
designed experiment.

Materials and methods
Experimental design

To determine the effects of factors alone or in combi-
nation, a central composite design (full factorial design
augmented by a central point) was used [34, 35]. Using
this design, the factors were set at three levels, coded
—1, 0, +1. The three temperatures (20, 25 and 30 °C)
and three water activities (0.9, 0.95 and 0.98 ay,, corre-
sponding to final water contents in maize of 20.5, 23.5
and 26.6%) used in this study, were based on previous
studies with 4. flavus [29, 32]. Measurements for all
combinations of factors were carried out in triplicate.

Organisms and culture

Penicillium commune had previously been isolated
from damp, mouldy dwellings in Scotland and shown
to be cytotoxic to human cell lines [36]. The culture
is retained in the departmental culture collection at the
University of Strathclyde. Aspergillus flavus F2RAFP
1-5 was kindly supplied by Prof. R.J. Cole (Nat-
ural Peanut Research Laboratory, Dawson, U.S.A.)
and known to co-produce AF and CPA. Stock cul-
tures were maintained on malt extract agar slopes at
4 °C until required. Conidial suspensions were freshly
prepared in sterile glycerol-water solution containing
0.1% Tween 80, with a,, adjusted to the same a, as that
of the maize culture following the method of Gervais et
al. [37]. The ay, of representative samples of glycerol-
water solutions and maize were measured with a dew
point meter (Protimeter Ltd., U.K.). Concentrations of
conidia were adjusted to 10° m1~! using a Neubauer
haemocytometer.

Conidial suspension (1 ml) was added to 50 g auto-
claved yellow hybrid maize grain, previously adjusted
to appropriate a,, by the method described by Pixton
and Warburton [38], in 500-m! Erlenmeyer flasks. The
maize was kindly supplied by Dr. Raul Cuero (Prairie
View A & M University, Prairie View, Texas) and

shown to be free of AF and CPA. The inoculated maize
was then transferred to Valmic microporousbags (20
x 14 ¢cm, 0.3 pm diam. pore size, Van Leer, UK., Ltd.)
and grown for 14 days in Fisons Environmental Cabi-
nets, with regular shaking to ensure complete mycelial
colonisation [39].

Extraction and analysis of cyclopiazonic acid and
aflatoxins

Maize cultures were extracted following the method for
multimycotoxin analysis of Gorst-Allman and Steyn
[40] using dichloromethane instead of chloroform.
The dichloromethane extract containing AF and the
aqueous layer containing CPA were separately rotary
evaporated and concentrated under a gentle stream of
nitrogen. The concentrated mycotoxins were stored in
coloured vials at 4 °C until required.

The presence of AFB,;, AFB; and CPA was deter-
mined by thin layer chromatographic (TLC) separation
onsilica gel G60 plates (20 x 20 cm Merck). The plates
were first dipped in a 10% (w/v) solution of oxalic acid
in methano] for 2 min and after heating at 110 °C for
2 min and cooling, the plates were spotted with 50 pl
of the respective extract and developed with a toluene
: ethyl acetate : dichloromethane : formic acid (70
: 50 : 50 : 20) solvent system [41]. The developed
plates were viewed under long wave UV light (366
nm). AF fluoresced blue while CPA developed a pur-
ple colour after spraying with Ehrlich’s reagent (2.0 g
p-dimethylaminobenzaldehyde in 100 m1 HCI).

Quantitative determination of AF was achieved by
pooling the fluorescent AF spots from the TLC plates
and measuring their total fluorescence using a mod-
ified fluorometric determination method [42] with a
Seqouia-Turner 450 digital fluorometer (360 nm exci-
tation and 450 nm emission) after reacting 1 ml of sam-
ple with 1 mi of bromine solution (diluted 10° times
with distilled H,O). CPA was quantified using the spec-
trophotometric method of Chang-Yen and Bidasse [4].

Statistical analysis of data

The data were analysed using the ANOVA and
GLM commands in the statistical software package
Minitab® version 9.2. The completely randomised
design was used to test for treatment effects amongst
the five treatment combinations. Significance differ-
ences at the 5% level between means were further
investigated using Turkey’s multiple range test.



Table 1. Analysis of variance for CPA production by Penicillium
commune in maize

Source DF*  Mean squares  FP p°
aw-temperature 4 11233326 13.05  0.001
combination
Error 10 861064
Total 14

2 Degrees of freedom.

b Test statistic.
¢ Level of significance.

Results

Effect of interaction of temperature and water activity
on cyclopiazonic acid production by Penicillium
commune

During 14 days’ incubation at 0.98 a,/20 °C, the
P. commune isolate grew and conidiated vigorously
but the grains were only covered with white myceli-
um at 0.95 ay/25 °C and at 0.98 ay/30 °C. Less
growth was visible at 0.90 a,, than at higher a, at
both temperatures. The analysis of variance (ANOVA)
for CPA (Table 1) showed that a, and temperature
had a highly significant (P = 0.001) effect on CPA
production (Table 2). Significantly more CPA was pro-
duced at 0.98 a,,/20 °C while significantly less at 0.90
ay/30 °C. At the following combinations: 0.95 a,/25
°C,0.90a,/20°Cand 0.98 a,,/30 °C, the mean concen-
trations of CPA produced ranged from 4054 ngg~! to
4761 ng g~ ! but were not significantly different. Gen-
erally at constant a,,, 20 °C appeared to favour greater
CPA production than 30 °C, while at constant temper-
ature mycotoxin production increased with increasing
aw-

Effect of interaction of temperature and water activity
on cyclopiazonic acid production by Aspergillus
flavus

Aspergillus flavus grew vigorously and produced many
conidia at 0.98 a,/30 °C but at 0.95 a,,/25 °C and at
0.98 a,,/20 °C the grains were covered only with white
mycelium after 14 days’ incubation. Less growth was
visible at 0.90 a,, at both temperatures. ANOVA for
CPA (Table 3) showed that the a,, and temperature com-
binations had highly significant (P < 0.001) effects on
CPA production. The effects of ay/temperature inter-
actions on CPA production by A. flavus in maize cul-

105

Table 2. Mean levels of cyclopiazonic acid produced by
Penicillum commune after 14 days in maize culture under
controlled water activity-temperature combinations

Water activity =~ Temperature  Cyclopiazonic acid*
(aw) O (ngg™! (s.d)T
0.90 20 4435.0 (782)

0.98 20 7678.0 (722)

0.95 25 4054.0 (905)

0.90 30 2264.0 (517)

0.98 30 4761.0 (857)

*Values within columns with no common superscripts are
significantly different (p < 0.05).
+ Standard deviations are shown in brackets.

Table 3. Analysis of variance for CPA production by Aspergillus
flavus in maize culture

Source DF?  Mean squares  FP p¢
ay -temperature 4 605395 51.95  «0.001
combination
Error 10
Total 14
2 Degrees of freedom.

b Test statistic.
¢ Level of significance.

ture are shown in Table 4. Significantly more CPA
was produced at 0.98 ay/20 °C while significantly less
at 0.90/30 °C. At 0.95 a,/25 °C, the mean concen-
tration of CPA produced (1590 ngg~!) was slightly
less but not significantly different to that produced at
0.98 ay/30 °C, the highest a,, and temperature com-
bination used. CPA levels produced at 0.90 a,,/20 °C,
the lowest a,, and temperature combination used were
significantly higher than the lowest level of CPA pro-
duction at 0.98 a,,/30 °C and lower than the other treat-
ment combinations. In general, at constant ay, 20 °C
appeared to favour greater CPA than 30 °C while at
constant temperature, mycotoxin production increased
with increasing a,,.

Effect of interaction of temperature and water activity
on aflatoxin production by Aspergillus flavus

ANOVA for AF (Table 5) showed that the a,, and tem-
perature had highly significant (P < 0.001) effects
on AF production. The effects of a,, and temperature
interactions on AF production by 4. flavus in maize
culture are shown in Table 4. All treatment combi-
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Table 4. Mean levels of aflatoxins (AF) and cyclopiazonic acid
(CPA) produced by Aspergiiius flavus after 14 days in maize cul-
ture under controlled temperature — water activity conditions

Water activity Temperature AF* CPA*

(aw) 0 (ngg™") (sd) (mgg™")(d)t
0.90 20 411.0 (65) 1252.0(66)

0.98 20 2030.0 (332)  1876.0(8.7)
0.95 25 1606.0 (308)  1590.0(50)

0.90 30 901.0 (119) 709.0(143)
0.98 30 3096.0 (537)  1614.0(175)

* Values within columns with no common superscripts are signif-
icantly different (P < 0.05).
+ Standard deviations are shown in brackets.

Table 5. Analysis of variance for aflatoxin production by
Aspergillus flavus in maize

Source DF*  Mean squares  F? pe
ay-temperature 4 3242183 3131 <0.001
combination
Error 10 103567
Total 14

2 Degrees of freedom.

b Test statistic.
¢ Level of significance.

nations gave results which differed significantly from
each other. The greatest concentration of AF was pro-
duced at 0.98 a,,/30 °C and the least at 0.90/20 °C. At
0.95 a,,/25 °C, the mean concentration of AF produced
(1606 ng g~ ') was intermediate between the extreme
ay and temperature combinations. Generally at con-
stant ay, it appeared that 30 °C favoured greater AF
production than 20 °C, whereas at constant tempera-
ture, AF production increased with increasing a,.

Discussion

The present results demonstrate that correct experi-
mental design can aid immensely towards understand-
ing mycotoxin production by P. commune and A. flavus.
Aspergillus flavus was able to produce AF and CPA
in all a,, and temperature combinations investigated.
Combinations of high a,, and low temperature favoured
high CPA production, while low a,, and high tempera-
ture gave the smallest CPA concentration. By contrast
the largest amounts of AF were produced with high a,,
and high temperature, while low a,, and low tempera-

ture supported the least AF production. These results
confirm previous studies [28, 29] on aflatoxin produc-
tion by 4. flavus.

The ratio of AF : CPA ranged from 1 : 3 at 0.90
2,/20 °C to 2 : 1 at 0.98 a,/30 °C. At the central
point (0.95 ay/25 °C) this ratio was close to 1 : 1.
These results are consistent with the previous studies
of Magan and Lacey [43] who showed that the relative
amounts of altenuene (AE), alteriol (AOH), alternariol
monomethyl (AME) co-produced by Alternaria alter-
nata on wheat grain varied with changing a,, and tem-
perature. At 25 °C/0.98-0.95 ay,, more AME was pro-
duced than AOH or AE but there was less AME than
AOH or AE at 15 °C. At 0.90 ay/15-25 °C, trace
amounts of all the toxins were produced, but at 0.95
ay/30 °C AME production was inhibited. A similar
study by Wagener et al. [44] showed that temperature
and relative humidity (RH) affected the production of
penitrem A, and roquefortine by P commune. Maxi-
mum mycotoxin production occurred after 28 days at
20 °C. Roquefortine was only produced at 99% RH
whereas penitrem A was produced at 95-99% RH.

Penicillum commune was able to produce CPA in
all ay, and temperature combinations investigated. CPA
production proceeded in a similar pattern to that by 4.
Sflavus with a combination of high a,, and low tem-
perature favouring high CPA production and low ay,
and high temperature supporting least CPA produc-
tion. CPA was produced in similar concentrations at
extreme combinations of temperature and ay, as at the
central point chosen, 0.95 ay/25 °C, suggesting that
this mycotoxin has the potential to occur widely in
temperate and tropical regions of the world. Thus, if
maize and its products are stored poorly, they are at risk
of being contaminated with a CPA-producing P. com-
mune strain and becoming contaminated with CPA.

In tropical and sub-tropical countries, safe stor-
age of maize continues to be a major problem [45].
The production of AF and CPA at the ay and tem-
perature combinations investigated suggests that their
occurrence in maize will continue to present particular
health problems to humans and animals in these regions
of the world. Therefore, there is a need for a concerted
effort to ensure better storage conditions, especially in
developing countries where acute toxicity by CPA and
AF have been documented [21, 22]. Close attention
must be paid to the proper drying of grains at harvest
followed by dry and cool storage. Because of interna-
tional trade between countries, these mycotoxins are
likely to co-occur globally.



Acknowledgements

Nceba Gqaleni wishes to thank the University of
Strathclyde Nelson Mandela Trust for financial assis-
tance. JACR-Rothamsted receives grant-aided sup-
port from the Biotechnology and Biological Sciences
Research Council of the United Kingdom. John Lacey
is funded by the Ministry of Agriculture, Fisheries and
Food.

References

10.

11.

12.

14.

Dutton MF, Robertson EJ, Matthews C, Beck BDA. Occur-
rence of mycotoxins in maize in rural areas in South Africa
and methods of prevention of contamination and elimination.
In: Taylor JRN, Randall PG, Viljoen JH (eds), Cereal Science
and Technology on a Changing Africa. Pretoria South Africa:
CSIR, 1993: 823-835.

Hocking AD. Xerophillic fungi in intermediate and low mois-
ture foods. In: Arora DK, Mukerji KG, Marth EH (eds), Hand-
book of Applied Mycology. vol 3. Foods and Feeds. New York,
USA: Marcel Dekker, 1991: 69-97.

Ominski KH, Marquardt RR, Sinha RN, Abramson D. Eco-
logical aspects of growth and mycotoxin production by stor-
age fungi. In: Miller JD, Trenholm HL (eds), Mycotoxins in
Grain: Compounds Other Than Aflatoxin. Minnesota, USA:
Eagan Press, 1991; 287-312.

Chang-Yen I, Bidasee K. Improved spectrophotometric deter-
mination of cyclopiazonic acid in poultry feed. JAOAC 1990;
73: 257-259.

Norred WP. Cyclopiazonic acid: toxicity and tissue distribu-
tion. Vet Human Toxicol 1990; 20-26.

Norred WP, Porter JK, Dorner JW, Cole RJ. Occurrence of the
mycotoxin cyclopiazonic acid in meat after oral administration
to chickens. J Agric Food Chem 1988; 36: 113—116.

Domer JW, Cole RJ, Erlington DJ, Suksupath S, McDowell
GH, Bryden WL. Cyclopiazonic acid residues in ewe milk and
chicken eggs. J Agri Food Chem 1994; 42: 1516-1518.
Frisvad JC, Filtenborg O. Terverticillate penicillia: chemo-
taxonomy and mycotoxin production. Mycologia 1989; §1:
837-861.

Hermansen K, Frisvad JC, Emborg C, Hansen J. Cyclopiazon-
ic acid production by submerged cultures of Penicillium and
Aspergillus strains. FEMS Microbiol Lett 1984; 21: 253-261.
Pitt JI, Leistner L. Toxigenic Penicillium species. In: Smith
JE, Henderson RS (eds), Mycotoxins and Animal Foods. Boca
Raton, USA: CRC Press, 1991; 81-100.

Frisvad JC. The connection between the penicillia and
aspergilli and mycotoxins with special emphasis on misidenti-
fied isolates. Arch Environ Contam Toxicol 1989; 18: 452-467.
Pitt J1, Cruickshank RH, Leistner L. Penicillium commune, P
camembertii the origin of white cheese moulds and the produc-
tion of cyclopiazonic acid. Food Microbiol 1986; 3: 363-371.
Lee YJ, Hagler Jr WM. Aflatoxin and cyclopiazonic acid
production by Aspergillus flavus isolated from contaminated
maize. J Food Sci 1991; 56: 871-872.

Trucksess MW, Misilevic PB, Young K, Bruce VR, Page SW.
Cyclopiazonic acid production by cultures of Aspergillus flavus
and Penicillium species isolated from dried beans, corn meal,
macaroni and pecans. JAOAC 1987, 70: 123-126.

15.

19.

20.

21

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

107

Urano T, Trucksess MW, Beaver BW, Wilson DM, Dorner JW,
Dowell FE. Co-occurrence of cyclopiazonic acid and aflatoxins
in corn and peanuts. JAOAC Int 1992; 75: 838-841.
Widiastuti R, Maryan R, Blaney BJ, Stoltz S, Stoltz DR.
Cyclopiazonic acid in combination with aflatoxins zearalenone
and ochratoxin A in Indonesian corn. Mycopathologia 1988;
104: 153-156.

CAST. Mycotoxins: Economics and Health Risks Council
for Agricultural Science and Technology. lowa, USA: Ames,
1989.

IARC. Some Naturally Occurring Substances: Food Items and
Constituents. Heterocyclic Aromatic Amines and Mycotoxins.
Vol 56. IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans: Lyon, France, 1993.

Dorner JW, Cole RJ, Diener UL. The relationship of
Aspergillus flavus and Aspergillus parasiticus with references
to production of aflatoxins and cyclopiazonic acid. Myco-
pathologia 1984; 87: 13—15.

Le Bars J. Cyclopiazonic acid production by Penicillium
camembertii Thom and natural occurrence of this mycotox-
in in cheese. App! Environ Microbiol 1979b; 38: 1052-1055.
Rao LB, Hussain A. Presence of cyclopiazonic acid in kodo
millet (Paspalum scrobiculatum) causing ‘kodua poisoning’ in
man and its production by associated fungi. Mycopathologia
1987; 89: 177-180.

Smith JE, Moss MO. Mycotoxins: Formation Analysis and
Significance. Chichester, UK: John Wiley & Sons, 1985.
Richard JL, Peden WM, Thurston JR. Combined cyclopiazonic
acid and aflatoxin By effects of serum bacteriostasis comple-
ment activity glycocholic acid and enzymes and histopatho-
logical changes in guinea pigs. In: Pohland AE, Dowell Jr VR,
Richard JL (eds), Microbial Toxins in Foods and Feeds; Cellu-
lar and Molecular Modes of Action. New York, USA: Plenum,
1990; 411-419.

Frisvad JC, Samson RA. Filamentous fungi in foods and feeds:
ecology spoilage and mycotoxin production. In: Arora DK,
Mukerji KG, Marth EH (eds), Handbook of Applied Mycology.
Vol 3. New York, USA: Marcel Dekker Inc, 1991; 32--68.
Lacey J. Prevention of mold growth and mycotoxin produc-
tion through control of environmental factors. In: Natori S,
Hashimoto K, Ueno Y (eds). Mycotoxins and Phycotoxins
’88. Amsterdam, The Netherlands: Elsevier, 1989; 161—168.
Moss MO. The environmental factors controlling mycotoxin
formation. In: Smith JE, Henderson RS. (eds), Mycotoxins and
Animal Foods. Boca Raton, USA: CRC Press, 1991: 37-56.
Cuero RG, Smith JE, Lacey J. Interaction of water activity tem-
perature and substrate on mycotoxin production by Aspergillus
Sflavus, Penicillium viridicatum and Fusarium graminearum in
irradiated grains. Trans Brit Mycol Soc 1987; 89: 221-226.
Cuero RG, Smith JE, Lacey J. Mycotoxin formation by
Aspergillus flavus and Fusarium graminearum in irradiated
maize grains in the presence of other fungi. J Food Prot 1988;
51: 452-456.

Faraj MK, Smith JE , Harran G. Interaction of water activity
and temperature on aflatoxin production by Aspergillus flavus
and A. parasiricus in irradiated maize seeds. Food Add Contam
1991; 8: 731-736.

Le Bars J. Cyclopiazonic acid bioproduction by Penicillium
camemberti Thom: Effect of temperature on individual strains.
Annal Rech Veterin 1979a; 10: 601-602.

Abramson D, Sinha RN, Mills JT. Mycotoxin formation in
HY-320 wheat during granary storage at 15 and 19% moisture
content. Mycopathologia 1990; 111: 181-189.



108

32.

33.

34.

35.

36.

37.

38.

39.

Ellis WO, Smith JP, Simpson BK, Ramaswamy H. Effect of
inoculum level on aflatoxin production by Aspergillus flavus
under modified atmosphere packaging (MAP) conditions. Food
Microbiol 1993; 10: 525-535.

Sinha RN, Abramson D, Mills IT. Interrelations among ecolog-
ical variables in stored cereals and associations with mycotoxin
production in the climatic zones of Western Canada, J Food
Prot 1986; 49: 608-614.

Box GEP, Hunter WG, Hunter JS. Statistics for Experimenters:
An Introduction to Design Data Analysis and Model Building.
Wiley and Sons: New York, USA, 1978.

Haltrich D, Laussamayer B, Steiner W. Xylanase formation by
Sclerotium rolfsii: effect of growth substrates and development
of a culture medium using statistically designed experiments.
Appl Microbiol Biotech 1994; 42: 522-530.

Lewis CW, Smith JE, Anderson JG, Murad YM. The presence
of mycotoxin-associated fungal spores isolated from the indoor
air of the damp domestic environment and cytotoxic to human
cell lines. Indoor Environ 1994; 3: 323-330.

Gervais P, Molin P, Grajek M, Bensoussan M. Influence of
the water activity of a solid substrate on the growth rate and
sporogenesis of filamentous fungi. Biotech Bioengin 1988; 31:
457-463.

Pixton SW, Warburton S. Moisture content/relative humidity
equilibrium of some cereal grains to different temperatures. J
Stored Prod Res 1971; 6: 283-293.

Cuero RG, Smith JE, Lacey J. A novel containment system for
laboratory scale solid particulate fermentations. Biotech Lett
1985; 7: 463-466.

40. Gorst-Allman CP, Steyn PS. Screening methods for the detec-
tion of thirteen common mycotoxins. J Chromat 1979; 175;
325-331.

41. Gimeno A. Thin layer chromatographic determination of afla-
toxins, ochratoxins, sterigmatocystin, zearalenone, citrinin, T-
2 toxin, diacetoxyscirpenol penicillic acid patulin and penitrem
A, JAOAC 1979; 62: 579-585.

42. Trucksess MW, Stack ME, Nesheim S, Page SW, Albert RH,
Hansen TJ, Donahue KF. Immunoaffinity column coupled with
solution fluorometry or liquid chromatography postcolumn
derivatization for determination of afatoxins in cormn peanuts
and peanut butter: collaborative study. JAOAC 1991; 74: 81—
88.

43. Magan N, Lacey J. Effect of water activity and temperature on
mycotoxin production by Alternaria alternata in culture and
on wheat grain. Appl Environ Microbiol 1984; 47: 1113-1117.

44. Wagener RE, Davies ND, Diener UL. Penitrem A and roquefor-
tine production Penicillium commune. Appl Environ Microbiol
1980; 39: 882-887.

45. Miller JD. Fungi and mycotoxins in grain: implication for
stored product research. J Stored Prod Res 1995; 31:1-16.

Address for correspondence: Professor J.E. Smith, Department
of Bioscience and Biotechnology, University of Strathclyde, 204
George Street, Glasgow G1 1XW.

Phone: (+44) 141 552 4400 ext. 2085; Fax: (+44) 141 553 1181.
E-mail: e.s.clements@strath.ac.uk.



