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Abstract

Aspergillus ochraceus Wilhelm is a widespread storage fungus that has been isolated from grains such as barley. The
objective of this study was to determine the effects of water activity (a ), temperature, time and their interactions on (a)w

growth on a barley extract agar medium, (b) growth on barley grains and (c) ochratoxin production on barley grains by three
strains of A. ochraceus. For the three A. ochraceus isolates examined (NRRL 3174, 3.113 and 3.38), optimal a levels forw

growth on agar media were in the range 0.98–0.96, with temperature optima of 308C for two of the isolates and 25–308C for
the other isolate. Growth was observed at 10 and 378C, but only at higher a levels assayed. Two dimensional profiles werew

constructed for the range of a and temperature conditions that allow growth of the three isolates. Maximum growth onw
21barley grains was reached at 308C, at both a levels assayed (0.96 and 0.98), with fungal growth rates in the 4–5 mm dayw

range. Maximum amounts of ochratoxins were produced at the highest a treatment (0.98 a ) and after a three-weekw w

incubation time at 25–308C. The range of ochratoxin concentrations varied considerably, from 1.7 to 12,949 ppm, depending
on the a and temperature interactions.  1998 Elsevier Science B.V. All rights reserved.w
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1. Introduction 1991). Aspergillus ochraceus Wilhelm is a wide-
spread storage fungus that has been frequently

Fungal contamination is one of the main sources isolated from grains, oilseeds and different veget-
of deterioration of stored grains. Fungi are able to ables (Gourama and Bullerman, 1988; Manabe and
change the quality of grains, decreasing the ger- Tsuruta, 1991; Sanchis et al., 1988; Trojanowska,
minability and significantly affecting their nutritional 1991). The natural incidence of A. ochraceus on
value (Airede and Esuruoso, 1987; Lacey et al., Spanish barley has been reported (Sala, 1993).

Ochratoxins were originally discovered in cultures
* of A. ochraceus (Van der Merwe et al., 1965),Corresponding author. Tel.: 1 34-973-702500 ext. 5011; fax:

34-973-702596; e-mail: ajramos@tecal.udl.es although now it is known that Penicillium ver-
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rucosum and several Aspergillus species are able to The objective of this study was to determine the
synthesize these compounds on different grains, effects of a , temperature, time and their interactionsw

including barley (Kuiper-Goodman and Scott, 1989), on (a) the growth on a barley extract agar medium,
and that they can be present in other foods and feeds (b) growth on barley grains and (c) ochratoxin
(Krogh, 1987; Marquardt and Frohlich, 1992). production on barley grains by three strains of A.
Ochratoxin contamination of beer has been detected ochraceus.
(Kuiper-Goodman and Scott, 1989) and A. och-
raceus contamination of barley and conditions of
mycotoxin production are of great interest to the

2. Materials and methods
brewing industry. Several studies have demonstrated
that these mycotoxins are nephrotoxic, hepatotoxic,

2.1. Organisms
teratogenic, immunosuppressive and carcinogenic in
different species, including farm livestock (Manning

One culture collection isolate (A. ochraceus
and Wyatt, 1984; Pohland et al., 1992).

NRRL 3174), and two isolates from Spanish grains
Environmental conditions such as moisture, tem-

(isolates 3.113 and 3.38) were used in this study.
perature, incubation time and substrate type

The isolates are deposited in the Food Technology
¨(Haggblom, 1982; Lillehoj and Elling, 1983), as well

Department Collection of the University of Lleida,
as other factors such as the presence of competitive

Spain.
flora and the integrity of the seed (Marquardt and
Frohlich, 1992) play an important role in the coloni-
sation by A. ochraceus and the amount of ochratoxin 2.2. Media
produced. The most important factors influencing
fungal development in stored grain ecosystems are Spanish barley (1995 harvest) with an initial
the water availability (water activity, a ), storage moisture content of 11.22% (0.54 a ) was used inw w

temperature and the intergranular gas composition this study. The basic medium used was a 3% (w/v)
(Magan and Lacey, 1988; Sinha, 1973, 1995). barley meal extract agar (BMEA) that was made by

Several studies have been carried out to determine boiling 30 g of dry ground barley /1 l of water for 30
A. ochraceus development on culture media min. The resulting mixture was filtered through a
(Ciegler, 1972; Garza et al., 1993; Gourama and double layer of muslin and the volume was made up
Bullerman, 1988; Lisker et al., 1983; Madhyastha et to 1 l. The water activity (a ) of this basal mediumw

al., 1993a; Paster and Chet, 1980; Paster et al., 1983, was 0.99. To determine the influence of a onw

1985) and on different grains, such as barley mycelial growth on this medium, experiments were
(Chelack et al., 1991; Damoglou et al., 1984; carried out on the basal medium (0.99 a ), and withw

¨Haggblom, 1982), wheat (Madhyastha et al., 1990, media to which glycerol had been added to 0.77,
1993a,b), maize (Madhyastha et al., 1990) and 0.81, 0.83, 0.90, 0.92, 0.94, 0.96, 0.98 a . Auto-w

oilseeds (Madhyastha et al., 1990). However, with claved media (20 ml) were poured into 9 cm
the exception of a few reports (Damoglou et al., diameter sterile plastic Petri dishes.

¨1984; Haggblom, 1982; Northolt et al., 1979), little To determine growth patterns on barley grains,
attention has been paid to the influence of incubation two different amounts of water (29.6 and 48.0 ml),
temperature and changes in a , either in media or in calculated from a moisture absorption curve for thew

grains, on growth and ochratoxin production. Fungal barley, were added to sub-samples of 100 g of grain
growth has previously been mainly correlated with in flasks. The barley was allowed to equilibrate at
fungal counts (Chelack et al., 1991; Damoglou et al., 48C for 48 h, with periodic shaking. Once sealed,

¨1984) or glucosamine concentration (Haggblom, flasks were autoclaved for 20 min at 1218C and then
1982; Madhyastha et al., 1990, 1993a,b) on grains. single layers of grain were carefully placed in 9 cm
Very few detailed comparisons have been made of sterile plastic Petri dishes in a flow bench. The final
the capacity for growth and ochratoxin production by a levels of each treatment were 0.96 and 0.98,w

isolates of A. ochraceus in vitro or in situ in barley respectively.
grain. Ochratoxin production on barley grain was investi-
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gated by using sterile barley grain prepared as (100%), B (44%), C (14%) and a ( , 0.1%).
indicated above with a levels of 0.96 and 0.98. Extraction of the samples was carried out as de-w

All of the a determinations were carried out with scribed in the kit.w

a Novasina Humidat IC I Thermoconstanter
(Novasina, Zurich, Switzerland). 2.5. Statistical treatment of results

2.3. Inoculation, incubation and measurement of In all cases, the linear regression of increase in
growth radius against time was used to obtain growth rates

on both BMEA and barley grains under each set of
Actively growing 10–14 day-old colonies of the treatment conditions. Analysis of variance for the

strains grown on potato dextrose agar (PDA) were different sets of results were carried out using the
used for the experiment of growth on BMEA. Agar SAS package (version 6.11, SAS Institute Inc.).
plugs (5 mm diameter) taken from the growing Ridasoft version 2.0 (R-Biopharm GmbH) was used
margin of the colonies were aseptically placed in the to calculate the ochratoxin concentration in the
centre of each treatment Petri plate. Petri plates of samples.
the same a were sealed in polyethylene bags. Thew

incubation conditions were at the eight a levelsw

detailed previously and at eight different tempera- 3. Results
tures (5, 10, 15, 20, 25, 30, 37 and 428C). The Petri
plates were examined daily or as necessary, and the Fig. 1 gives a diagrammatic representation of the
diameter of the growing colonies was measured in interaction of a and temperature on the growth ratew

21two directions at right angles to each other. The (mm day ) of assayed A. ochraceus strains on
increase in radial growth was determined and used to BMEA medium (see also Fig. 2). A. ochraceus

21calculate the growth rate (mm day ) under each set NRRL 3174 had an a optimal for growth at 0.96 atw

of treatment conditions for each strain. All treat- 308C, whereas the optimal for the other two isolates
ments were repeated three times. was at 0.98 at 308C (3.113 strain) and 258C (3.38

The plates with a single layer of barley grains (ca. strain). These data were used to construct profiles of
25 g plate) were inoculated and measured in the growth for the three isolates of A. ochraceus at
same way as BMEA plates. The incubation con- different a 3 temperature levels. Water activity andw

ditions for growth and ochratoxin production on temperature significantly influenced fungal growth of
barley grains were two a levels (0.96 and 0.98) and all three isolates, while there was no significantw

three temperatures (15, 25 and 308C). Petri dishes of difference between the growth rates of isolates.
the same treatment were stacked in sealed containers Fig. 3 shows the interaction between a andw

together with two beakers containing 100 ml gly- temperature on the growth rate of A. ochraceus on
cerol /water solutions of the same a to maintain the barley grains. It can be seen that maximum growthw

equilibrium relative humidity in containers (Dallyn, on barley grains was reached at 308C, at both aw

1978). All treatments were made in triplicate. levels assayed, with fungal growth rates in the 4–5
21 21After one, two and three weeks, grains for ochra- mm day range. Growth rates of 5 mm day , as

toxin determination were transferred to plastic bags obtained with NRRL 3174 and 3.113 strains growing
and frozen (2208C) until mycotoxin analyses were on BMEA, were never reached, which could confirm
carried out. a substrate influence on fungal growth. The analysis

of variance of the effect of single (isolate, a andw

2.4. Ochratoxin analyses temperature), two- and three-way interactions were
all statistically significant except for isolate 3 aw

Total ochratoxin concentration in samples was effects.
determined in duplicate using a commercial ELISA Table 1 shows the mean ochratoxin concen-

kit (Ridascreen Ochratoxin A; R-Biopharm GmbH, trations obtained on barley grains inoculated with the
Darmstadt, Germany). The kit has the following three A. ochraceus isolates in relation to a , tem-w

cross-reactivity with different ochratoxins: A perature and incubation time. The highest amounts of



136 A.J. Ramos et al. / International Journal of Food Microbiology 44 (1998) 133 –140

21Fig. 1. Diagrammatic representation of interaction of water activity (a ) and temperature on growth rate (mm day ) of assayed A.w

ochraceus strains on BMEA medium.

ochratoxins were always obtained at 0.98 a , regard- and 3.38 (12,949 and 840.5 ppm, respectively) andw

less of the temperature considered, with maximum at 308C for NRRL 3174 strain (8450 ppm). The only
ochratoxin production at 258C for the isolates 3.113 statistically significant factor was the isolate factor,
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21Fig. 2. Effect of water activity and temperature on growth rate (mm day ) of A. ochraceus isolates on barley meal extract agar (BMEA).

which influenced ochratoxin production on barley was observed at 108C at the higher a levelsw

grains. assayed. Only the 3.113 isolate was able to growth at
378C, with an optimum at 0.96 a . The a minimaw w

in the present study were 0.81 at 258C, with none
4. Discussion being able to grow at 0.77 a during the experimen-w

tal period of our studies. Previous studies suggest
This study has shown that, for the three A. that a minima for A. ochraceus vary from 0.76 tow

ochraceus isolates examined in vitro on agar based 0.88 depending on substrate (Christensen, 1962;
media, optimal a levels for growth were in the Lopez and Christensen, 1967). Previous studies withw

range 0.98–0.96 with temperature optima of 308C for A. ochraceus (NRRL 3174) have shown optimum
two of the isolates (NRRL 3174, 3.113) and 25– temperatures for growth at 28–328C on a defined
308C for the other isolate. No growth was observed medium (Paster and Chet, 1980). Unfortunately, this
at 5 and 428C, regardless of the a level, but growth was only carried out in media with freely availablew
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21Fig. 3. Interaction of water activity (a ) and temperature on growth rate (mm day ) of assayed A. ochraceus strains on barley grains.w

Table 1
Mean ochratoxin concentrations (mg ochratoxin /g barley) on barley grains at two water activities (a ) inoculated with three different strainsw

of A. ochraceus at 15, 25 and 308C after one, two and three-week incubation periods

A. ochraceus Temperature Ochratoxin (mg ochratoxin /g barley)

strain (8C) 0.96 a 0.98 aw w

1-week 2-week 3-week 1-week 2-week 3-week

NRRL 3174 15 959.0 1419.0 1162.0 3072.0 8393.0 4268.0
25 5907.0 5313.0 7360.0 5044.5 5889.0 1603.3
30 947.0 2547.0 2295.3 6039.0 8365.0 8450.0

3.113 15 1100.5 1769.0 N.D. 1260.5 1361.0 740.0
25 1987.5 889.5 1453.0 1427.5 920.0 12949.0
30 2572.6 1697.5 1884.0 1501.5 1031.5 1171.7

3.38 15 9.4 3.00 2.7 1.7 2.7 2.5
25 4.3 2.9 1.9 1.7 4.2 840.5
30 2.5 4.9 12.3 2.2 2.7 798.5

N.D., not determined.

water (0.99 a ), which makes direct comparisons It was noticeable that, unlike growth on BMEA,w

difficult. Other studies have examined A. ochraceus statistically significant effects on growth were ob-
growth but often in liquid media only, which are less served not only for a and temperature, but alsow

relevant to potential activity on cereal-based sub- between isolates. However, general growth patterns
strates (Gourama and Bullerman, 1988). obtained on BMEA were similar to those obtained on

It has been suggested that the nutrient source can barley grains, although growth rates on grains were
affect the minimal a for growth (Wearing and always slightly lower.w

Burgess, 1979), and that studies on artificial sub- Previous studies with A. ochraceus have also
strates may not accurately represent the real capacity demonstrated the effect of either temperature or aw

to grow on a natural substrate. For this reason, a on growth or biomass production, but interactions
study was carried out on whole barley grain kernels. between these parameters were not investigated
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¨ ¨(Damoglou et al., 1984; Haggblom, 1982; Haggblom this study, but more research is needed on the
and Ghosh, 1985; Madhyastha et al., 1990, 1993a,b). interaction of these factors with other ecophysiologi-
This makes direct comparisons with our work more cal parameters that could determine the colonisation
difficult. In laboratory studies on ochratoxin pro- patterns of this fungus in a specific niche. Recent
duction by A. ochraceus, Northolt et al. (1979) work by Magan et al. (1997) demonstrated that
found that a minimum a of 0.83–0.87 was required complex interactions and niche overlap betweenw

for ochratoxin A production, with maximum toxin Fusarium spp. and other spoilage fungi can occur,
yields at 0.99 a . At optimum a , the temperature depending on the prevailing environmental factors.w w

range for ochratoxin A production by A. ochraceus Special attention is needed on such interactions
was 12 to 378C. This study was carried out on malt between A. ochraceus and other Aspergillus species,
or Czapek maize extract media modified with the as has been described by Paster et al. (1992). The
solutes sucrose or glycerol to the desired a levels. impact that such interactions may have on ochratoxinw

In the present study, the NRRL 3174 and 3.113 production should be investigated.
isolates produced significantly higher concentrations
of total ochratoxin than the 3.38 strain. Maximum
amounts were produced at the highest a treatment Acknowledgementsw

(0.98 a ) and after a three-week incubation time atw

25–308C. These conditions were not optimal for The authors are grateful to the Spanish Govern-
growth of all three isolates. The range of ochratoxin ´ment (CICYT, Comision Interministerial de Ciencia
concentrations varied considerably, from 1.7 to ´y Tecnologıa, grant ALI97 0736-C4-01), to the
12,949 ppm, depending on treatment a and tem- ´Catalonian Government (CIRIT, Comissio Inter-w

perature interactions. ´ `departamental de Recerca i Innovacio Tecnologica)
Studies by Madhyastha et al. (1993a) found no and to the Lleida Council for their financial support.

direct relationship between fungal growth and ochra-
toxin production when A. ochraceus NRRL 3174
was grown on autoclaved barley with 24–25% water References
(ca. 0.94 a ). They found ochratoxin A in the barleyw

at a level of about 30 mg/g after 15 days at 288C, Airede, C.E., Esuruoso, O.F., 1987. Deterioration of shelled oil
which is lower than those obtained in the present palm kernels caused by seed borne fungi. J. Sci. Food Agric.

40, 293–304.study after 14 days at 25–308C (5313–2547 mg
Chelack, W.S., Borsa, J., Marquardt, R.R., Frohlich, A.A., 1991.ochratoxins /g) with a grain water content of 29%

Role of the competitive microbial flora in the radiation-
(ca. 0.96 a ).w induced enhancement of ochratoxin production by Aspergillus

According to Damoglou et al. (1984), A. och- alutaceus var. alutaceus NRRL 3174. Appl. Environ. Mi-
raceus IMI 132429 grew very slowly at 108C on crobiol. 57, 2492–2496.

Christensen, C.H., 1962. Invasion of stored wheat by Aspergillusautoclaved barley at 0.85 a (20% moisture content)w
ochraceus. Cereal Chem. 39, 100–106.and did not produce ochratoxins. However, at 208C,

Ciegler, A., 1972. Bioproduction of ochratoxin A and penicillic
a maximum of 0.28 mg ochratoxin A/g barley was acid by members of the Aspergillus ochraceus group. Can. J.

¨produced. Haggblom (1982) obtained higher levels Microbiol. 18, 631–636.
of ochratoxin A using A. ochraceus 589.68 (17–48 Dallyn, H., 1978. Effect of substrate water activity on growth of

certain xerophilic fungi. Ph.D. thesis. South Bank University,mg ochratoxin A/g grain) and SLV (6–8 mg/g)
London.strains grown at 258C on autoclaved barley with a

Damoglou, A.P., Downey, G.A., Shannon, W., 1984. The pro-
water concentration of 22% (ca. 0.91 a ), althoughw duction of ochratoxin A and citrinin in barley. J. Sci. Food
no ochratoxin production was detected at 108C. Agric. 35, 395–400.

˜Temperature was again a critical factor influencing Garza, S., Canela, R., Vinas, I., Sanchis, V., 1993. Effects of
potassium sorbate on growth and penicillic acid production byochratoxin production and had a pronounced in-
Aspergillus ochraceus and Penicillium aurantiogriseum.fluence on intra-strain production.
Zentrabl. Mikrobiol. 148, 343–350.

The influence of a , temperature and incubationw Gourama, H., Bullerman, L.B., 1988. Effects of potassium sorbate
time on growth and ochratoxin production of A. and natamycin on growth and penicillic acid production by
ochraceus on barley grains has been demostrated in Aspergillus ochraceus. J. Food Prot. 51, 139–144.



140 A.J. Ramos et al. / International Journal of Food Microbiology 44 (1998) 133 –140

¨Haggblom, P., 1982. Production of ochratoxin A in barley by raceus contaminated wheat and different chemical forms of
Aspergillus ochraceus and Penicillium viridicatum: effect of ochratoxin A in broiler chicks. Poultry Sci. 63, 458–465.
fungal growth, time, temperature, and inoculum size. Appl. Marquardt, R.R., Frohlich, A.A., 1992. A review of recent
Environ. Microbiol. 43, 1205–1207. advances in understanding ochratoxicosis. J. Anim. Sci. 70,

¨Haggblom, P.E., Ghosh, J., 1985. Postharvest production of 3968–3988.
ochratoxin A by Aspergillus ochraceus and Penicillium vir- Northolt, M.D., Van Egmond, H.P., Paulsch, W.E., 1979. Ochra-
idicatum in barley with different protein levels. Appl. Environ. toxin A production by some fungal species in relation to water
Microbiol. 49, 787–790. activity and temperature. J. Food Prot. 42, 485–490.

Krogh, P., 1987. Ochratoxins in food. In: Krogh, P. (Ed.), Paster, N., Chet, I., 1980. Effects of environmental factors on
Mycotoxins in Food. Academic Press, San Diego, CA. growth and sclerotium formation in Aspergillus ochraceus.

Kuiper-Goodman, T., Scott, P.M., 1989. Risk assessment of the Can. J. Bot. 58, 1844–1850.
mycotoxin ochratoxin A. Biomed. Environ. Sci. 2, 179–248. Paster, N., Lisker, N., Chet, I., 1983. Ochratoxin A production by

Lacey, J., Ramakrishna, N., Hamer, A., Magan, N., Marfleet, I.C., Aspergillus ochraceus Wilhelm grown under controlled atmos-
1991. Grain fungi. In: Arora, D.K., Mukerji, K.G., Marth, E.H. pheres. Appl. Environ. Microbiol. 45, 1136–1139.
(Eds.), Handbook of Applied Mycology, Vol III, Foods and Paster, N., Barkai-Golan, R., Padova, R., 1985. Effect of gamma
Feeds. Marcel Dekker, New York, pp. 121–127. radiation on ochratoxin production by the fungus Aspergillus

Lillehoj, E.S., Elling, F., 1983. Environmental conditions that ochraceus. J. Sci. Food Agric. 36, 445–449.
facilitate ochratoxin contamination of agricultural com- Paster, N., Pushinsky, A., Menasherov, M., Chet, I., 1992.
modities. Acta Agric. Scand. 33, 113–128. Inhibitory effect of Aspergillus niger on the growth of

Lisker, N., Paster, N., Chet, I., 1983. Ochratoxin A production by Aspergillus ochraceus and Aspergillus flavus, and on aflatoxin
Aspergillus ochraceus as affected by methionine and structur- formation. J. Sci. Food Agric. 58, 589–591.
ally related compounds. Can. J. Microbiol. 29, 536–540. Pohland, A.E., Nesheim, S., Friedman, L., 1992. Ochratoxin A: a

Lopez, L.C., Christensen, C.H., 1967. Effect of moisture content review. Pure Appl. Chem. 64, 1029–1046.
´ ´and temperature on invasion of stored corn by Aspergillus Sala, N., 1993. Contaminacio fungica i de micotoxines de grans

´flavus. Phytopathology 57, 588–590. destinats a l’alimentacio animal a Catalunya. Capacitat tox-
`Madhyastha, S.M., Marquardt, R.R., Frohlich, A.A., Platford, G., igenica de les soques. Ph.D. thesis. University of Lleida,

Abramson, D., 1990. Effects of different cereal and oilseed Spain.
substrates on the growth and production of toxins by Aspergil- Sanchis, V., Scott, P.M., Farber, J.M., 1988. Mycotoxin-producing
lus alutaceus and Penicillium verrucosum. J. Agric. Food potential of fungi isolated from red kidney beans.
Chem. 38, 1506–1510. Mycopathologia 44, 157–162.

Madhyastha, S., Marquardt, R.R., Abramson, D., 1993. Effect of Sinha, R.N., 1973. Interrelationship of physical, chemical and
ochratoxin producing fungi on the chemical composition of biological variables in the deterioriation of stored grains. In:
wheat and barley. J. Food Quality 16, 287–299. Sinha, R.N, Muir, W.E. (Eds.), Grain Storage: Part of a

Madhyastha, M.S., Marquardt, R.R., Frohlich, A.A., 1993. Growth System. Avi Publishing Company, Westport, CT, pp. 15–48.
and ochratoxin production of Aspergillus alutaceus on seed of Sinha, R.N., 1995. The Stored-grain Ecosystem. In: Jayas, D.S.,
wheat and rapeseed cultivars. Can. J. Plant Sci. 73, 163–166. White, N.D.G., Muir, W.E. (Eds.), Stored-grain Ecosystems.

Magan, N., Lacey, J., 1988. Ecological determinants of mould Marcel Dekker, New York, pp. 1–32.
growth in stored grain. Int. J. Food Microbiol. 7, 245–256. Trojanowska, K., 1991. Evaluation of cereal grain quality using

´Magan, N., Marın, S., Ramos, A.J., Sanchis, V., 1997. The impact mycological methods. In: Chelkowski, J. (Ed.), Cereal Grain.
of ecological factors on germination, growth, fumonisin Mycotoxins, Fungi and Quality in Drying and Storage.
production of Fusarium moniliforme and F. proliferatum and Elsevier, Amsterdam, Ch. 8, pp. 185–215.
their interactions with other common maize fungi. J. Cereal Van der Merwe, K.J., Steyn, P.S., Fourie, L., 1965. Ochratoxin A,
Res. Commun. 25, 643–645. a toxic metabolite produced by Aspergillus ochraceus Wilh.

Manabe, M., Tsuruta, O., 1991. Mycoflora and mycotoxins in Nature 205, 1112–1113.
stored rice grain. In: Chelkowski, J. (Ed.), Cereal Grain. Wearing, A.H., Burgess, L.W., 1979. Water potential and the
Mycotoxins, Fungi and Quality in Drying and Storage. saprophytic growth of Fusarium roseum ‘Graminearum’. Soil
Elsevier, Amsterdam, Ch. 7, pp. 149–183. Biol. Biochem. 11, 661–667.

Manning, R.O., Wyatt, R.D., 1984. Toxicity of Aspergillus och-


