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ABSTRACT

The effect of water activity (a,,, 0:-85-0-95), temperature (15-30 °C) and incubation period (2—4 weeks)
on growth and calorific losses in relation to colonisation by three mycotoxigenic isolates of Aspergillus
ochraceus was studied on maize-based substrates. The calorific losses (k]) of maize flour due to fungal
growth in relation to temperature and a, were quantified and found to be maximal at 20-30 °C
(10-52-16-18%, after 4 weeks at 0-95 q,), with only slight losses at 0-85 4, (0-7-14%), at both 15
and 20 °C. This suggests that growth of mycotoxigenic Aspergillus spp. can significantly contribute to
nutritional losses of this staple agricultural food. Calorific values correlated inversely with fungal
biomass, with the latter being greatest at 0-95 a, after both two and four weeks, and maximal at

30 °C. Most of the single, two-, three- and four-way interactions of a,, temperature, time and isolate
had a statistically significant (p<0-01) influence on calorific losses and fungal biomass.
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INTRODUCTION

Poor post-harvest practices in many parts of the
world often result in significant (up to 15%) losses
of grain due to mould spoilage and insect damage'”.
Thus, consumption of nutritionally poor quality

staple grains and flour are often a fact of life in

ABBREVIATIONS USED: A'TP=adenosine triphosphate;
a,=water activity; diam = diameter; DF=degrees of
freedom; kcal =kilocalories; kJ=kilojoules; m.c.=
moisture content; NRRL=Northern Regional Re-
search Laboratory; Q, =k]J released by combustion of
cotton; Q. =kJ released by combustion of sample;
S =A. ochraceus isolate factor; SS=sum of squares; t=
incubation period factor; T =incubation temperature
factor; Ty=final water bath temperature; T;=1initial
water bath temperature.
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many tropical and subtropical regions of the world.
However, few attempts have been made to quantify
the nutritional losses in terms of calorific value in
such deteriorated foodstuffs’. On the other hand,
some elegant studies have been made on the bio-
energetics of insects feeding on different grains to
quantify losses under different storage conditions®
°. Changes in the calorific value of Linum us-
itatissimum due to seed-borne infection by spoilage
fungi have been reported but conditions of storage
were not accurately determined or controlled’,
and there have been no determinations of calorific
losses of staple cereals by spoilage fungi, par-
ticularly Aspergillus and Penicillium species.
Aspergillus ochraceus Wilhelm is a storage fungus
that has been frequently isolated from grains,
oilseeds and different vegetables™ and is com-
monly isolated from Spanish corn’. The de-
velopment of A. ochraceus on different grains
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including maize, barley, wheat, and other oilseeds
has been followed'" . However, except in a few
reports'®'"" little attention has been paid to the
influence of the most important environmental
factors influencing fungal deterioration of grain
such as water availability (water activity, a,), stor-
age temperature and gas composition.

The objectives of this work were to determine
the effects of 4, (0:85-0-95), temperature
(15-30 °Q), time (2—4 weeks) and their interactions
on (a) calorific losses of coarse maize flour and (b)
i wvitro growth on a maize extract agar due to
colonisation by A. ochraceus.

EXPERIMENTAL
Fungal isolates

Three isolates of A. ochraceus (NRRL 3174, 3-38
and 3-113) were used in all experiments. Isolates
3-38 and 3-113 are ochratoxigenic strains isolated
from Spanish corn held in the Food Technology
Department of the University of Lleida'".

Maize

Spanish maize grain with an initial water content
(wet weight basis) of 13-9% (=0-71 a,) was ground
and sieved to a uniform particle size (0-45 mm
mean diam).

Ground samples were weighed in flasks and
rehydrated to the desired q,, treatment levels (0-85,
0-90, 0-95) by the addition of distilled water with
reference to a moisture adsorption curve. The
treated maize was allowed to equilibrate at 4 °C
for 48 h, with periodic shaking. The flasks were
sealed and autoclaved for 20 min at 121 °C. The
a,, values were confirmed using a Novasina Hu-
midat ICG I Thermoconstanter (Novasina, Swit-
zerland).

Inoculation and incubation of ground maize

Sterile humidified ground maize was placed in thin
layers in sterile Petri dishes (12 g/plate). Uniform
inoculation of the dishes for each isolate was made
by 17 applications of 8 ul. each of a 107 spores/
mL suspension. Spore suspensions were prepared
in glycerol-water solutions at the treatment a,
levels.

The different experimental parameters were: a,;

W)

0-85, 0-90 and 0-95, incubation temperatures; 15,

20 and 30 °C, and incubation periods; 2 and 4
weeks. All treatments were repeated three times.

After inoculation, Petri dishes with the same
water activity were placed in sealed containers
together with two beakers containing 100 mL of a
glycerol-water solution providing the same relative
humidity as the enclosed Petri dishes'” and in-
cubated. At the end of the experiment, maize
samples were carefully homogenised, transferred
to sealed polyethylene bags, and stored frozen
until analysed.

Calorific value determination

A Gallenkamp Autobomb calorimeter was used
for this purpose. This apparatus measures the heat
released by the combustion of a known weight of
sample with pressured oxygen.

Samples were freeze-dried prior to calorific
value determination. Samples contained both
maize and fungal mycelium, so that in practice
there was a slight underestimation of the actual
calorific losses in maize. Samples in the ca-
lorimetric bomb undergo complete combustion
which results in the heating of the water that
surrounds the bomb core. From the increase in
temperature of the water, the calorific value of the
sample can be calculated as follows:

Qampre = {(Tr—T3) K} — Qs

where Q,,,., k] released by combustion of sample;
Ty, final temperature of the water bath; T}, initial
temperature of the water bath; K, 10-43kJ/°C
(2:494 kcal/°C), constant reference value pre-
viously calculated from combustion of benzoic
acid; Q,, kJ released by the combustion of the
cotton thread used as ignition starter.

Growth studies

Studies for quantification of fungal biomass were
carried out on maize extract agar with water
activity modified with glycerol'™'". Three replicates
cach of the same treatments as for the ground
maize experiments were used. Maize extract agar
was inoculated with 136 pL. of a 107 spores/mL
suspension and spread with a bent glass spreader.
Petri dishes of the same 4, were enclosed in poly-
ethylene bags and incubated. The agar cultures
were heated and the mycelium separated from the
melted agar. Mycelial mats were freeze-dried and
weighed.
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Statistical treatment of results

Analysis of variance for the different sets of results,
as well as analysis of correlation (Pearson cor-
relation coeflicient), were calculated out using the
SAS package (version 6-11, SAS Institute Inc.).

RESULTS

Effect of water activity, temperature and time on
calorific losses of maize

Initial calorific value of ground maize was
19-694+0-13kJ g~' (4-70 kcal) dry matter of maize
flour. Figure 1 compares the effect of time, a,, and
temperature treatments on the calorific losses in
k] ¢7' dry weight maize. This shows that there
were significant losses at 30 °C, particularly at
0-90 and 0-95 a, after both 2 and 4 weeks In-
cubation. Losses of 5:55-14:85% (1:09-2-92 k]
g~ ") in the initial calorific value were found under
these conditions. There were slight losses in cal-
orific value at 0-85 a, (0-1-41kJ g~ "), at both 15
and 20 °C. Decrease of caloric value of maize
was much more evident after 4 weeks of fungal
degradation.

Temperature, a, and time of incubation had a
significant influence on results ($<0-01). There
were no significant differences between the isolates
tested. In addition, almost all the two-, three- and
four-way interactions were statistically significant
(p<0-01), except for a, x S. Thus, for example, the
pattern for g, and temperature was different at 4
weeks compared with 2 weeks; while after 2 weeks
the highest calorific losses were at 30 °C regardless
of a,, and after 4 weeks, there was a significant
decrease at 20°C/0-95 a, and 15°C/0-90 a,.
Moreover, trends were dependent on the strain
tested.

Effect of water activity, temperature and time on
biomass of A. ochraceus

In vitro studies of the growth of the three isolates
showed that fungal biomass correlated inversely
with the results obtained for calorific loss (Fig. 2).
Biomass was greatest in the 0-95 q,, treatment after
both 2 and 4 weeks growth, and optimum at 30 °C.
(0-12-0-73 g dry mycelium). The biomass of isolate
3-113 was considerably smaller than that produced
by the other isolates under all conditions tested.
No appreciable mycelium was developed by this
isolate at 0:85 @, under any of the temperatures

examined after 2 and 4 weeks incubation. Isolates
NRRL 3174 and 3:38 grew well, resulting in a
measurable amount of mycelium at 0-85 q,, but
only at 30 °C.

All single factors were significant (p<0-01). Most
two-, three- and four-way interactions were also
significant (except for a, x T, a, xS xt). Clearly,
the effect of temperature was similar under the
different a,, levels. There was a significant (p<0-01)
inverse correlation between maize calorific value
and increases in biomass (Pearson correlation co-

efficient= —0-4827).

DISCUSSION

This study has shown that mycotoxigenic strains
of A. ochraceus can cause significant calorific losses
of a staple grain substrate, maize, over a range of
storage conditions. It was also notable that calorific
losses and fungal biomass increased with in-
cubation time (2 to 4 weeks). The maximum cal-
orific losses observed were 10-17% at 0-95 a,,
the highest water availability treatment examined.
Temperature also had a significant effect on cal-
orific losses. There were significant effects overall
of a,, temperature, time and their interactions,
and sometimes with isolate. Very few previous
studies have attempted to examine the relationship
between environmental factors of staple food sub-
strates, growth of spoilage fungi and calorific losses.

In a parallel study on the effect of mycotoxigenic
fusaria on maize, it was found that calorific losses
increased from 0-9% to 17-64% at 0-92 to 0-98
a,, over periods of 4 weeks storage'’. An inverse
correlation was found between calorific value and
fungal biomass and fumonisin production. Prasad
and Prasad’ studied the calorific losses caused by
six different seed-borne fungi on linseed with time
at 28 °C. They demonstrated a significant decrease
from the initial calorific value (1-896K];
7-9348 kcal) g~ ' seed, with Aspergillus niger infection
causing maximum calorific losses (25% within
15 days, and 49% within 30 days) on surface-ster-
ilised seeds, whereas losses were higher on auto-
claved seeds, especially due to Fusarium oxysporum
(47% and 54%, respectively). Unfortunately, the
water availability was not monitored or accurately
controlled in this study and thus comparisons with
our study are difficult. The calorific losses reported
are higher than those with 4. ochraceus, which were
less than 17% for all conditions. However, a,
was only 0-85-0-95, and wetter, more unrealistic
storage conditions were excluded.
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Figure 1

Other detailed studies of the energy flow and
calorific losses from grains have been made in
relation to the different developmental stages of
insect pests™'®. The insect components were sep-
arated from the grain to produce more com-
prehensive energy flow measurements and losses

Effect of water activity, temperature and time on calorific value of maize due to growth of 4. ochraceus.

from grain during deterioration by insects. Such
studies with fungi are more difficult because of the
inherent difficulty of separating the fungal biomass
from the substrate. In this study the data are
presented on a dry weight basis so that the loss in
actual dry matter through respiration, as well as
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Figure 2 Effect of water activity, temperature and time on biomass of A. ochraceus.

the residual losses in nutritional components, are
accounted for in the calculations. The only factor
not included was the actual fungal biomass present
in the maize substrate. Thus, the actual losses were
probably slightly underestimated in our studies.
The maximum fungal biomass was always pro-

duced in the highest ¢, and temperature treatment
(0-95 a,, and 30 °C). Although, in general, biomass
only increased slightly between 2 and 4 weeks
incubation, a significant effect of incubation time
was observed.

There were significant statistical effects on
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fungal biomass of all the factors assayed, i.e., a,,
incubation time, temperature and isolate, and with
all interacting factors. In general, as the fungal
biomass increased, the caloric value of maize de-
creased, indicating a direct relationship between
the colonisation of the maize substrate by A. och-
raceus, and the caloric losses.

Previous studies on the ecological determinants
for germination and growth of isolates of A. och-
raceus showed that optimum growth was at 0-95
a,,, with minima at about 0-85 a,,'’. In other reports
the biomass of 4. ochraceus has been quantified
cither in terms of both dry weight of mycelium (on
agar medium), or using glucosamine concentration
(on agar medium or seed samples)”, and ergosterol
biomass markers*'. However, the concentration of
the latter marker changes significantly with culture
age and between fungal species so cannot be used
as a comparative measure of fungal biomass. Using
the glucosamine marker it has been demonstrated
in wheat and rapeseed inoculated with A. ochraceus
that biomass increased significantly with time of
incubation (7, 15 and 30days) and that maize
supported growth of A. ochraceus better than other
cereals and oilseeds'.

Previously, studies have concentrated on dry
matter losses of different cereals due to fungal
activity” . Such losses result from the utilisation
of carbohydrate during fungal metabolism and
grain respiration. Estimates differ for the amounts
of allowable dry matter losses before grain is
rejected for human or animal consumption. In
high moisture maize (25% m.c.) a loss of 0-5%
dry matter can occur in 7 days, sometimes without
any visible moulding, but the grain was unfit for
use, and also contained aflatoxins. Some authors
have considered grain to be fit for animal feed
with dry matter losses of up to 2%*. However, it
has been suggested that 1% dry matter loss is
acceptable in grain for food use and that this could
be applied to both wheat and maize®. However,
implications for deterioration in nutritional value
on a calorific basis were not considered. Different
grain types all have an inherent but different
calorific value’. A 1% dry matter loss in maize
would represent a decrease of 0-197 kJ (0-047 kcal)
g~ . This must be an underestimate as we found
much larger calorific losses after 24 weeks storage.
Furthermore, nutritional losses from a maize meal
flour may be greater than that from whole un-
damaged kernels.

Very few studies have examined the direct effect
of individual fungi on dry matter losses of cereal

and oilseed substrates”?’. The respiratory rates of
fungus-free and maize infected predominantly with
A. flavus, surface-sterilized maize (containing Fu-
sarium  moniliforme, Cephalosporium acremonium and
Penicillium spp. internally), or untreated have been
examined”, but only over a narrow water avail-
ability range (21:7-24:9% m.c. £0:93-0-95 q,).
Dry matter losses were found to reach 0-5% within
5-8 days, and in many cases aflatoxins were al-
ready present. Studies on naturally contaminated
maize at 19 and 22% m.c. also suggested that
0-5% dry matter was lost within 12 days storage
due to fungal activity”. Thus infection of maize
substrates by A. ochraceus could result in not only
just calorific and dry matter losses but perhaps
also ochratoxin production which would result in
the substrate being downgraded and unacceptable
for human consumption.

This work has demonstrated the important role
that development of A. ochraceus plays on calorific
loss of grains, specially at >0-90 a,,. More work is
now neceded to determine the influence of such
fungal development on long-term storage, and on
ochratoxin production, as well as on the interaction
of A. ochraceus with other storage fungi on nu-
tritional losses.

Acknowledgements

The authors are grateful to the Spanish Government
(CICYT, Comision Interministerial de Ciencia y Tec-
nologia, grant ALI98-0509-C04-01), to the Catalonian
Government (CIRIT, Comissi6o Interdepartamental de
Recerca 1 Innovacio Tecnologica) and to the Lleida
Council for their financial support.

REFERENCES

1. Harris, K.L. and Lindblad, C. ‘Post-Harvest Grain Losses
Assessment Methods’, American Association of Cereal
Chemists. St. Paul, MN (1978).

2. Sode, O,J., Mazoud, F. and Troude, F. Economics of
grain storage. In ‘Stored-Grain Ecosystems’, (D.S. Jayas,
N.D.G. White and W.E. Muir, eds), Marcel Dekker, New
York (1995) pp 101-122.

3. Sinha, R.N. Food losses through energy transfer from
cereal grain to stored-product insects. Food Nutrition Bul-
letin (UN University) 4 (1982) 13-20.

4. Sinha, R.N. The stored-grain ecosystem. In ‘Stored-
Grain Ecosystems’, (D.S. Hayas, N.D.G. White and W.E.
Muir, eds), Marcel Dekker, New York (1995) pp 1-32.

5. Demianyk, C.J. and Sinha, R.N. Bioenergetics of the
larger grain borer Prostephanus truncatus (Horn) (Cole-
optera:Bostrichidae), feeding on corn. Annals of the En-
tomological Society of America 81 (1988) 449-459.

6. Prasad, T. and Prasad, R.B. Changes in caloric value of



Calorific losses in maize due to A. ochraceus

183

11.

13.

Linum usitatisssmum L. due to seed borne fungi. Biology

Bulletin of India 4 (1982) 136-139.

. Manabe, M. and Tsuruta, O. Mycoflora and mycotoxins

in stored rice grain. In ‘Cereal Grain. Mycotoxins, fungi
and quality in drying and storage. Chapter 7°, (].
Chelkowski, ed.), Elsevier, ~Amsterdam (1991)
pp 149-183.

. Trojanowska, K. Evaluation of cereal grain quality using

mycological methods. In ‘Cereal Grain. Mycotoxins,
fungi and quality in drying and storage. Chapter 8, (J.
Chelkowski, ed.), Elsevier, Amsterdam  (1991)
pp 185-215.

. Sala, N. Contaminacié fangica i de micotoxines de grans

destinats a I’alimentacié animal a Catalunya. Capacitat
toxigenica de les soques. PhD. Thesis. University of
Lleida, Spain (1993).

. Damoglou, A.P., Downey, G.A. and Shannon, W. The

production of ochratoxin A and citrinin in barley. Journal
of Science Food Agriculture 35 (1984) 395—-400.

Hiaggblom, P. Production of ochratoxin A in barley by
Aspergillus  ochraceus and  Penicillium viridicatum: effect of
fungal growth, time, temperature, and inoculum size.
Applied and Environmental Microbiology 43 (1982) 1205-1207.

. Madhyastha, M.S., Marquardt, R.R. and Frohlich, A.A.

Growth and ochratoxin production of Aspergillus alutaceus
on seed of wheat and rapeseed cultivars. Canadian fournal
of Plant Science 73 (1993) 163-166.

Northolt, M.D., van Egmond, H.P. and Paulsch, W.E.
Ochratoxin A production by some fungal species in
relation to water activity and temperature. Journal of Food
Protection 42 (1979) 485-490.

. Labernia, N. Influencia de factores abioticos sobre el

crecimiento y produccién de ocratoxinas por tres cepas
de Aspergillus ochraceus en cebada. Proyecto de Fin de
Carrera. Universitat de Lleida, Spain (1997).

. Dallyn, H. Effect of substrate water activity on growth

of certain xerophilic fungi. Ph.D. Thesis. South Bank
University, London (1978).

. Marin, S., Sanchis, V. and Magan, N. Water activity,

temperature, and pH effects on growth of Fusarium mon-
iforme and Fusarium proliferatum isolates from maize. Ca-

nadian Journal of Microbiology 41 (1995) 1063-1070.

. Marin, S., Homedes, V., Sanchis, V., Ramos, A.J. and

Magan, N. Impact of Fusarium moniliforme and F Pro-

20.

21.

22.

23.

24.

25.

26.

27.

28.

liferatum colonisation of maize on calorific losses and
fumonisin production under different environmental con-
ditions. Journal of Stored Products Research (in press).

. White, N.D.G. and Sinha, R.N. Energy budget for Ory-

zaephilus surinamensis (Coleoptera: Cucujudae) feeding on
rolled oats. Environmental Entomology 10 (1981) 320-326.

. Marin, S., Sanchis, V., Saenz, R.,; Ramos, A J., Vinas,

I. and Magan, N. Ecological determinants for ger-
mination and growth of some Aspergillus and Penicillium
spp. from maize grain. Journal of Applied Microbiology 84
(1998) 25-36.

Rotter, R.G., Frohlich, A.A. and Mills, P.A. Estimation
of fungal contamination of cereal grains as determined by
measuring glucosamine concentration. Canadian jJournal of
Animal Science 69 (1989) 235-245.

Torres, M., Viladrich, R., Sanchis, V. and Canela, R.
Influence of age on ergosterol content in mycelium of
Aspergillus ochraceus. Letters in Applied Microbiology 15 (1992)
20-22.

Kreyger, J. Drying and storing grains, seeds and pulses in
temperate climates. IBVL Publication 205. Wageningen,
Holland (1972).

White, N.D.G., Sinha, R.N. and Muir, W.E. In-
tergranular carbon dioxide as an indicator of biological
activity associated with the spoilage of stored wheat.
Canadian Agricultural Engineering 24 (1982) 35-42.

Seitz, L.M., Sauer, D.B. and Mohr, H.E. Storage of high
moisture corn: fungal growth and dry matter loss. Cereal
Chemastry 59 (1982) 100-105.

Lacey, J., Hamer, A. and Magan, N. Respiration and
losses in stored wheat under different environmental
conditions. In ‘Stored Product Production’, (E. Highley,
E.J. Wright, H,J. Banks and B.R. Champ, eds), CAB
International (1994) pp 1007-1013.

Hall, C.W. and Dean, P.E. Storage and preservation of
cereal grains. In ‘Cereals 78: Better Nutrition for the
World’s Millions’, (Y. Pomeranz, ed.), American As-
sociation of Cereal Chemists. St. Paul, MN (1978)
pp 223-243.

Hamer, A. Dynamic of fungal growth and respiratory
losses in cereals. Ph.D. Thesis, Biotechnology Centre,
Cranfield University, U.K. (1994).

Fernandez, A., Stroshine, R. and Tuite, J. Mould growth
and carbon dioxide production during storage of high
moisture corn. Cereal Chemistry 62 (1985) 137-143.



	ABSTRACT
	INTRODUCTION
	EXPERIMENTAL
	RESULTS
	DISCUSSION
	Figure 1	Effect of water activity, temperature and time on calorific value of ma
	Figure 2	Effect of water activity, temperature and time on biomass of A. ochrace

	REFERENCES

