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Abstract

Seven toxigenic molds isolated from deteriorated rice in Korea, Aspergillus clavatus, Asp. flavus

var. columnaris, Asp. fumigatus, Asp. ochraceus, Penicillium citrinum, Pen. implicatum, and Pen.

islandicum, were examined for their sensitivity toward Co-60 gamma rays for survival.

Conidia of all tested species showed survival curves of sigmoidal type, from which decimal

reduction doses were found to vary in the range of 14~33 krad, induction doses, in the range of

12~56 krad and inactivation factors at 200 krad, in the range of 4.6~12.8, all at a dose rate of

11.56 krad/min.

Dose rate effects on the radiosensitivity of Asp. flavus and Pen. islandicum conidia indicated that

the higher dose rate (11.56 krad/min) caused decreases in decimal reduction doses as compared

with the lower dose rate (2.67 krad/min).

Introduction

Radiation sensitivity of microorganisms has been
investigated to a great extent in the field of radiation
biology during the last three decades. On the other
hand, ionizing radiation has been tried to use in ex-
tending the storage life of various food commodities.
The use of low level doses of gamma irradiation seems
to be feasible to reduce the microbial population and
thereby extend the shelf life of certain foods®™¢.

Molds are a common and important cause of spoilage:
in grains and cereal products and many of them
are capable of producing mycotoxins hazardous to a
wide range of animals .. lizuka ez al. ™1 have
reported a series of papers about the effect of gamma
irradiation on the microflora of rice and other grains.
with a hope to use irradiation for mold control in
grain storage.While irradiation treatment will certainly
reduce the fungal growth, mycotoxin-producing ability
of molds might be altered and raise problems about

the use of irradiation as a method of food preservation.
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Radiation doses required for the destruction of
aflatoxins were found to be very high!-®, However,
exposure of aflatoxin-producing fungi, Aspergillus
flavus and Asp. parasiticus

doses of 200 krad and above tended to reduce the

to gamma irradiation

ability to produce aflatoxins whereas doses of 100 krad
tended to stimulate aflatoxin production in subsequent
cultures, according to Jemmali and Guilbot ¢ and
Bullerman et al. 1. On the contrary, Applegate 4¢
reported that doses of 200 krad caused the increased
production of aflatoxin by Asp. flavus. Frank et al. 07
found that repeated sublethal doses of beta irradiation
(160~240 krad) for aflatoxin-producing and ncn-toxig-
enic strains of Asp. flavus lead to loss, recovery or
gain of the ability to produce aflatoxins. This sort
of discrepancy appears to be due to the differences
in the radiosensitivity of microbial strains, environme-
ntal factors and irradiation conditions. Further studies
are needed for better understanding of the effects of
ionizing radiation on the ability of toxigenic fungi to
survive and produce toxins.

This study was, therefore, initiated to investigate
the radiosensitivity of some representative molds which
were isolated from deteriorated rice in Korea and
known to produce mycotoxins in literature. The results
should be very useful in deducing ways of preventing
the fungal spoilage of rice grains from food preserva-

tion and public health aspects.

Materials and Methods

1. Microorganisms

Seven species belonging to the Aspergillus and

Penicillium genera isolated from deteriorated rice in
Korea @8 and reported to produce mycotoxins
were employed. The organisms were maintained on
potato-dextrose-agar slants and allowed to grow 1~2
weeks at 30°C for complete conidia formation.
2. Irradiation

A spore suspension of the fungi was prepared by
shaking the slant culture with ice-cooled M/10 phos-
phate buffer (pH 6.5) and passing through a 4-fold
cheesecloth. The filtrate was adjusted with the buffer
solution so as to contain 10"~10% conidia per ml and

a 2-ml aliquot of the spore suspension in a 1.2x13
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cm test tube was irradiated with gamma-ray at a dose-
rate of 2.67 krad/min or 11.56 krad/min by use of
9,000 Ci Co-60 panoramic irradiator or 15,000 Ci Co-
60 BNL’s shipboard irradiator, respectively, installed
at this Institute. '
3. Viable cell count

The irradiated spore suspension was properly diluted
and poured on a Czapek agar plate in petri dishes(10
cm diameter). After 2~5 days incubation at 30°C
depending on the growth rate of each species, isolated
colonies (ideally 20~200 colonies per dish) were counted..

Decimal reduction doses(Dyo values, the radiation
doses required to kill 9% of the testing organism)
and induction doses(shoulder doses or lag doses) were

obtained from survival curves of indivicual crganisms..

Results and Discussion

in the Aspergillus and Pericillium.

genera known to produce various mycotoxins as listed.

Some species
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Fig. 1. The component parts of a sigmoidal
radiation survival curve
N=extrapolation number or target number;
S=length of shoulder;
E=exponential decline portion;
L=induction dose
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Fig. 2. Radiation survival curves for conidia

of Aspergillus species at a dose rate
of 11.96 krad/min
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Fig. 3. Radiation survival curves for conidia of

Penicillium species at a dose rate of 11.56
krad/min

Table 1. Radiation sensitivity of some toxigenic Aspergillus and Penicillium species isolated from

deteriorated rice in Korea*

Mold | Mycotoxin reported (25,28’ 1 D“’, value | Induction dose I?zsfga;‘m

| | Ckrad) (krad) 500 ke
Asp. clavatus % patulin [ 29 24 i 6.1
Asp. flavus var. columnaris': aflatoxin, aspergillic acid, aspertoxinz 24 ' 48 : 6.3
Asp. fumigatus i fumagillin, gliotoxin, helvolic acid | 33 i 48 4.6
Asp. ochraceus ‘ ochratoxin 17 f 5 8.5
Pen. citrinum citrinin } 14 ;} 21 \ 12.8
Pen. implicatum : citrinin i 23 ’ 12 J 8.2
Pen. islandicum . islanditoxin, luteoskyrin ? 26 l 42 | 6.1

*Conidium suspensions of the organisms were irradiated at a dose rate of 11.56 krad/min.

in Table 1 were subjected to gamma irradiation in an
-aqueous suspension of their conidia. The results are
shown as survival curves in Fig. 1-3, from which Dy
values and induction doses were calculated as given
in Table 1.

The susceptibility or resistance of a microorganism
toward radiation may be best expressed as a survival
curve since the shape of the curve varies with micr-
obial species and other factors. Whether the shape of

:survival curve in a log surviving fraction vs. radiation

dose plot is linear from the origin or sigmoidal type
tells us the one-target theory or multi-target theory
for the killing mechanism of microbial cells by ionizing
radiation %21,

The radiosensitivity of a microorganism is often
conveniently expressed in terms of decimal reduction
dose or Dy, value which is defined-as the radiation dose
in rads to reduce the microbial population by a factor
of 10 (10% survival). Thus a Dy, value can be obtai

ned directly from the plot or according to the equation
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“#21: log N/No=—D/D1s where Ny is the initial popul-
ation, N, the population after irradiation dose D. How-
‘ever, a correction may sometimes be made in a sigm-
oidal type of survival curve since an induction dose(L)
<orrespording to the initial dose just before the exp-
-onential declining portion should be added to the Dy,
value obtained from the straight portion of the plot.
In consequence, a lethal dose (D) for a microorganism
becomes D=L+nDj, where n is called an inactivation
factor to be decided from the microbial species and
:sterilization purposes.

All of the organisms tested in this study showed
-survival curves of sigmoidal type. Dy, values were in
‘the range of 14~33 krad and induction doses, in the
‘range of 12~56 krad, of which Asp. fumigatus was
the most resistant to the radiation. In general, the
sterilization of fruits and other foods are expected to
reduce the surviving fraction of existing organisms to
1078~10"". At a 200 krad level, inactivation factors
-of tested organisms were 4.6~12.8 as shown in Table
1; that is, irradiation of foods with 200 krad which
is considered as the proper sterilizing dose for rice

.grains®-* will reduce the surviving fraction of micro-
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Fig. 4. Effect of radiation dose rate on the sur
vival of Asp. flavus var. columnaris
conidia

Radiation Sensitivity of Toxigenic Molds

( 151)

o) —O—  2.67 krad/min

—e— |1-56 krad/min
l 1 \
1
o *
o \

-2 L : -

£ : Do 30 krad
< N
2 .
£ .
3 -3 | !
"L- L]
o '
= -4} :
> )
5 .
w «
-5 r \

\ L = 48 krad
-6 % R . .

(¢ 30 60 90 120 150

Radigtion dose in krad

Fig. 5. Effect of radiation dose rate on the
survival of Pen. islandicum conidia

organisms to 107¢8~10712.8,

The effects of dose rate on the radiosensitivity of
molds, Asp. flavus and Pen.
islandicum were investigated and the results are

two representative

shown in Fig. 4 and 5. In both strains, the higher
dose rate (11.56 krad/min)

Dyo values as compared with the lower dose rate

caused decreases in

(2.67 krad/min). For instance, irradiation at the
higher dose rate needed 36 krad less than at the
lower dose rate to bring about the 107® reduction
of surviving fractions for Asp. flavus conidia. It
was interesting to note that induction doses were not
changed by different dose rates in both species. Whe-
reas a higher dose rate would certainly shorten the
necessary irradiation time, it should also bring about
side effects on foodstuffs. It is, therefore, evident that
a proper dose rate for sterilization of mycotoxin-
producing fungi and maintenance of food quality
should be chosen.

It is well known that Asp. flavus produces aflztoxins
and Pen. islandicum, islanditoxin and luteoskyrin.
There are several reports that irradiation causes an

increase or decrease in toxin production by microor

ganisms H¥71%%)  Thus, Bullerman et al.®® and Jem-
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mali ard Guill rt% reported that aflatoxin preduction
by Asp. parasiticus and Asp. flavus was increased by
100 krad and decreased by 200 krad irradiation whereas
Applegate™® found that its production by Asp. flavus
was increased by 200 krad irradiation. It appears that
the irradiation ct such a sublethal dose may bring
about mutation in the mycotoxin-producing ability of
the fungi. Since aflatoxin itself in dry or crystalline
form was known to Le very resistant toward high
radiation doses destruction of aflatoxin by irradiation
does not seem feasible, though the possibility was not
excluded. Rather the removal of mycotoxin-producing
fungi from fcods and animal feeds by irradiation and
other treatments seems quite plausible and further

research is needed.
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