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Response of toxic and non-toxic strains of Asperpcillus flavus

to irradiation

H.K. Frank, R. Munzner, and J.P. Diehl

Federal Research Centre for Food Preservation, Karlsruhe, W.Germany

1 Introduction

The production of aflatoxins by Aspergillus flavus has been known

since 10 years. Approximately 10 - 70 # of isolates of this genus

seem to be toxic and it is not clear for the moment whether the

substrate or the climate is responsible for a high percentage of'

toxic strains.

In this connection we examined two questions:

1. The susceptibility of toxic and non-toxic strains of Aspergillus

flavus to repeated sublethal doses of irradiation

2. The influence of this modus of irradiation on the ability of

the survivers to produce aflatoxins under optimal conditions.

Vie hoped to get an answer by these experiments as to whether the

radicidation of foodstuffs, for example prepacked sliced bread,

reduces or increases the public health risk of these products. It

was conceivable that the ability to produce aflatoxins is not

•affected by irradiation, is diminished or Is stimulated.

2 Material and methods

2.1 Fungi

Six strains of Aspergillus flavut, ̂ .INK ex FRIES were utilized for

the experiments. They were isolated in our institute with exception

of one of them. Tab. 1 shows the origin of these strains and their

ability to produce aflatoxins.

The strains were precultivated on potato-glucose-agar; during the

time of radiation treatment they grew on peptone-glucose-salt-agar;

after a growth period of 10 - 12 days at 25*C they were irradiated .

once. If the cultures grew well after the first irradiation they

were irradiated a second tin*. After a four day-period they were

transferred to a new, growth Mediua; after a 19 - 12 day-period a
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•new irradiation cycle was initiated. After 6 such treatments '

the survivors grew slower and therefore they were inoculated

on a new medium after each irradiation. The total number of

irradiatic-ii treatments was 16.

The radiation sensitivity of the surviving subcultures v;as

evaluated eccording to the method described by Malla and eoworkers

(i) avnd by Miinzner (2). The harvested eonidia were suspended in

0,1 $> trypt me + O.'f % tween 80 solution, counted in a Thoaia-

chaaber and diluted to 4 x 10 cells/ml. Of this suspension 2yul

were inoculated pointwise on Czapek agar plates. After 17 h

incubation time at 25°C the plates v.'ere irradiated with 100 krad;

5 days later the diameters of the colonies were measured, the

area calculated and compared with the not-irradiated control.

2.2 Aflatoxir

The capacity tv produce aflatoxins was examined with all sur-

viving subcultures after the 16th irradiation. The substrains

were transferred, to Erlenmeyer flasks containing 5 g of rice,

which had been aitoclaved with 2.5 ml water, enriched with 0,1 %

yeast extract and 0.1 ?6 sucrose.

Independent of this, the substrains were inoculated on potato-

glucose-agar slants and after ripening of the oonidia, they were

stored for 6 months in a refrigerator; all cultures were trans-

oculated after each half year. 1, 2 and 5 years after the last

irradiation the capacity to produce aflatoxins was examined.

Parallel to each aflatoxin test of the subcultures the non-

irradiated mother culture was checked in the same way.

The inoculated rice was incubated for 10 days at 30*C, homogenized

in chloroform and extracted 5 times. The combined extracts were

dried over Na^SOu, evaporated at 100°C under a slight stream of

nitrogen and dissolved In 1 ml of chloroform. Of this extract 10 Ail

were investigated in the usual way on TLC plates with internal

and external aflatoxin standards (Roth-Cheaie, Karlsruhe). Saaples

with blue or bluegreen spots of sane Rf-value as the standards
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were chromatographsd once more with 7 other solvent systems

according to the method reported by Pranlc and Eyrich (3), in-order

to avoid confusion with aflatoxin-like substances. The semiquan-

titati;re estimation of positive samples was carried out by several

dilution steps 1 :: 10 in chloroform to find the lowest visible

concentration of aiflatoxin B.. and

2.3

respectively.

The irradiation was carried out with our linear accelerator,

adjusted to an electron energy of 10 MeV. Duplicate tubes of

each of the 6 strains were irradiated at room temperature with

the following doses: 1oO, 180, 200, 220 and 240 krad. The resulting

subcultures were subjected over a period of several months to

repeated irradiation, always applying the same dose as in the

first radiation treatment.

3. Resxxlts

3.1 Hadiation_Euscegtibility__of _toxie_and_non;toxic_strains

after_rep_eated_B-irradiation

The multiple radiation treatment was begun with 60 subcultures

(6 strains, 5 dose levels, in duplicate). Some 70 % of these

survived the 16 irradiations. Tab. 2 shows that no differences of

radioresisfcance between the toxic and the non-toxic strains were

detectable during this phase of the investigation.

The susceptibility of these pretreated subcultures to a single

dose of TOO krad is shown in Tab. 3. In some of the subcultures

the strains 372 and 376 were slightly more resistant after the

pretreatment than those not previously irradiated; the other strains

showed a more or less pronounced loss of resistance.

Two facts seeni to be important here:

1. The response of toxic and non-toxic strains to the radiation

treatment shows.no significant differences.

2. Selection of more radioresistant subcultures occures relatively

seldom with A. flavus after repeated sublethal irradiation (4).



5.2 Jnfluence_of_a_reDeated_irradiation_on_the_abilit^_to_groduce

Immediately after the pretreatment the surviving subcultures of

the three aflatoxin- producers (No. 572, 575 and 400) appeared

to be hardly damaged. They grew more or less well on rice, but

most of them could not produce aflatoxins as is shown in Tab. 4.

One year later, after two passages on fresh medium.,, there was

no change. After 2 years the amount of afiatoxin synthetising

substrains was increasing just a little, and after 5 years 15 of

28 subcultures were toxinogenic again.

It is obvious that -he strains did not respond equally to irra-

diation and that the regeneration of the enzyme system responsible

for aflatoxin production did not occur uniformly. Prom the results

presented in 7ig. 1 it appears that the ability to produce afla-

toxin B. is acquired more easily than is the case with G^j in some

cases the subcultures were able to produce 10 times more toxin

than the mother strains and in other cases aflatoxin production '

was lost again during the 5 years. A correlation between dose and

response is not apparent.

A similar situation was found for the strains 565, 570 and 576,

which were unable to produce aflatoxins at the beginning of the

experiments. Two strains (565 and 570) with all subcultures

remained aflatoxin-negative during the three years. Strain yjS,

however, acquired the ability to produce aflatoxin within 2 years

after the radiation treatment in two out of 14 subcultures; 1 year

later 4 other subcultures had this ability; the mother strain

remained negative over the whole period of the investigation.

Fig. 2 gives a quantitative assessment of the amount of aflatoxin

produced by these subcultures of strain 376. The length of the

columns relates to the last visible dilution step on thin layer

plates. The dose response is in this case clearer than with afla-

toxin positive strains. The higher the radiation dose the later

begins the production and the amounts are smaller after high doses

than after 160 krad. For a statistical evaluation of the dose

response the number of our results is too small) on the basis of

the results obtained with the aflatoxin positive strains (Pig* 1)
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it appears unlikely that a correlation between radiation dose

and toxin production exists.

4 Discussion

Over a period of several months an unknown but certainly large

number of eonidia and hyphae of the moulds were subjected 16 times

to 5 different radiation doses. A genetic analysis is absolutely

impossible under these circumstances. Moreover, Aspergillus flavus

belongs to the heterocaryotic fungi imperfect!. The aim of these

investigations was to simulate practical conditions of food

irradiation - although we realize that 16 repetitions of a radiation

treatment, with reculturing conditions between irradiations., v/ould

be a most unlikely set of circumstances to occur in practice.

There is no apparent correlation in the radiation response of the

fungi and the applied doses. A selection of more or perhaps highly

resistanst types was to be expected, but a real increase of

resistance was not to observe . Morphological changes were in some

cases so pronounced that the resulting phenotypes could not be

recognized as A. flavus. Most of these heavily damaged subculture*

died during the investigation period, some got back slowly their

normal appearance.

The exact nature of the action of radiation on the ability to

produce aflatoxin is unknown. It is probably that the genetic code

for the aflatoxin biosynthesis is destroyed in many cases; the

come-back of aflatoxin production is unlikely to be due to a repair '

mechanism, but rather to a selection of undamaged nuclei in course

of time. I
!

The appearance of aflatoxin forming subcultures of strain 376* j
which was unable to this synthesis since its isolation in 1966, is j

rather puzzling. We do not believe that this is caused by induced '

positive mutants, we rather suppose that some nuclei of the big

number in the heterocarion have the genetic code for aflatoxin

-synthesis; under normal condition these nuclei are not able to

increase, they always remain a minority. After the radiation treat-

ment some of them get a selection profit and assert thmsalVM

successfully against the more damaged other types. But these

r
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reflections are a hypothesis only and for their proof a lot of
additional research is needed. •
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Tab.. 1: Origin of the Aspergillus flavus strains used for -

the experiments, and their ability to produce aflatbxins,

A. flavus
strain

565

$

570

576

572

575

400

' origin

Bundesanstalt fur
Materialprufuns,
Berlin (QM 580)

Brazil nut

Brazil nut

Brazil nut

Brazil nut

Peanut

Afla

• •

-

+

+

+

toxin
G1

-

-

-

+

+

+

I



Tab. 2: Surviving subcultures after 16 sublethal irradiations

A. flavus
strain

%5

370

376

372

373

400

aflatoxin

—

-

-

+

+

surviving
subcultures

14

1?
17

11

12

18

$ survivors
per strain

70

65

85

55

60

90

I



..Tab. 5: Relative growth (colony area) in JD of the non-irradiated

mother strains after irradiation of germinating, conidia

with a dose of 100

A. flavus
strain

565

570

576' .

572

575

^00

9 indicates

not previously-
treated

72

48

58

' 44

tcrad (4)

pretreated with 16 irradiations \

160

.9

15

e

9

9

51

at a dose of
180

9

29

. 74

59

16

47

200

9

58

9

9

9

55

220

49

9

9

.67

9 ;

57 |

1

i
240 krad ]

46 j
• 58

65

9

9

59

3 that no growth occured or the fungi were not able

to produce conidia.

<



Tab. 4: Regeneration of ability to produce aflatoxins of

3 strains of A. flavus after repeated irradiation

' with sublethal doses

Strain JTo.

number of irrad.
subcultures

no aflatoxin
after irradiation

aflatoxin 1 year
after irradiation

aflatoxin 2 years
after irradiation

aflatoxin 3 years
after irradiation

7

3

4

3

372

10

= 70 #

= 30 %

= 40 %

-„,

8

0

2

4

373

8

= 100 %

= 24 #

= 50 £

5

5

4

6

1

400

10

= 50 $

- 50 £

= 40 £

= 60#
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Radiation resistance of aflatoxins

H.K. Frank and T. Griinswald

Federal Research Centre for Food Preservation, Karlsruhe

West Germany

1 Introduction

Authorities, agriculture and food processing industries are

interested to obtain useful methods for eliminating or destroying

aflatoxins in foods and feeds. A lot of experiments on the elution

of these myeotoxins, especially from oil seed meals, were

published (1, 2, J). In other papers methods are described to

destroy the aflatoxins by chemicals (4, 5, 6) or by heat (7_- 8, 9)

or by a combination of chemical and physical treatment (10). All

these methods are not yet satisfactory with respect to the alter-

ation of the foddstuff and the raising of costs for the product.

One exception are the vegetable oils because they are freed of

aflatoxins during the normal process of refining (11, 12). . .

Because aflatoxins are quite sensitive to ultraviolet light

(35c =• 370 nm) in presence of oxygen (1?., H , 15)* we tried to

destroy them with ionizing radiation under different conditions.

A preparation of crude aflatoxins was irradiated in dry state,

• dissolved in cliloroform, water, or buffer with different pfl.

Finally we let elected strains of Aspergillus flavus grow on

bread and rice, and- we irradiated the mouldy, toxj.c products with

the intention to simulate in our experiments as near as possible

the conditions of practice. In all these cases only the aflatoxins

B.j and G.J were estimated because they always form the biggest

amount of a natural mixture of aflatoxins. On the other hand B-

is the most important derivative with respect to its high acute

toxieity and carcinogenic action.

2 Material and methods

2.1 AflatoXin was produced by fermentation of rice with elected " '.

strains of Aspergillus flavus from our culture collection in slowly
rotating Fernbach flasks at 30*C. The harvested material was twice
homogenised with aceton:water (7 t 2 v/v) with addition of lead
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acetate and the combined filtered solutions were shafcen three .

times with chloroform. The extract was dried in a flash evaporator.

and the residue dissolved in a small amount of chloroform. The

dark coloured concentrate was cleaned up over a silicagel column

and the aflatoxins were precipitated with an excess of petrol-eum

ether (b.p. 30 - 60cC). The dry precipitate was a light yellow

powder, with a content of/-̂  hj % aflatoxins B1 + G^, clear, enough

for our investigations.

2.2 The estimation_of_aflatoxins was carried out in the usual •

manner on thin layer plates with 0.25 mm Kieselgel G (Merck:, Darm-

stadt) and Standard-Aflatoxin (Roth-Cheinie, Karlsruhe) as reference

substance. In former investigations (16) we found the smallest

visible quantity of afiatoxin 31 and G1 was 2 ng and 0.3 ng respec-

tively under our conditions. The smallest visible concentration

for both aflatoxins after dilution of the test solution in chloro-

form allowed a calculation of the initial amount of B1 and G...

This semiquantitative method was proved to be reliable in a lot -

of investigations i% our laboratory.

2.3 The irradiation of the thin layer plates was carried out -

in closed steel containers (thickness of the sheet steel 1 mm),

•provided with a number of holes for irradiating the aflatoxin

samples. In order to protect the samples, which were not to be

irradiated (reference spots), the corresponding holes were closed

with lead sheet. In this way the primary electron beam was shielded

while the. dose applied by the "bremsstrahlung"; produced in the metal

sheets could be neglected (<1 56 of - the dose by electrons).

The plates in the containers were irradiated (before chromatography)

with 1 MeV-electrons produced in a v.d. Graaff. generator. A conveyor

system was employed, which moved the containers many tines through

the irradiation field of the scanned electron beam. In this way

we applied the dose in a number of pulses with a dose rate of 2,5

to 15 Mrad.s'"1. Giving an example: for applying a dose of 20 Mrad

at a dose rate of 15 Mrad.s"1 we needed 200 passages and a total

irradiation time of 50 inin.



The dose distribution and the dose rate in the irradiation field

is controlled periodically using chemical dosimeters, especially'

the "Pricke"-dosimeter. The standard deviation of the indicated

doses is .about + 10 $>.

To adjust the dose rate in these experiments to the dose rates

of the commercial cobalt 60 sources, we later on irradiated the

thin layer plates with the aflatoxin spots in the same containers

with a 60 keV X-ray tube provided with a berillium window (type

Machlett OEG 60), installed in a "Isovolt" facility. By alterating

the distance of the samples from the window we changed the dose

rate of the d. e. beam from "\ ,J> to 12 Mrad . h~ . Dose rate and

dose distribution of these soft X-rays had been measured with

plastic foils and chemical dosimeters (18). The accuracy of the

indicated doses is in this case somewhat lower than that of the

electron irradiation.

The different variants of the rice arid bread samples were irradiated

in bags of laminated plastic foils (7 to 10 cm) with 1 MeV elec-

trons on the conveyor system of the v.d.Graaff generator applying

a dose rate of 2.5 Mrad.s" .

-5 Results

On silicagel G thin layer plates we spotted J5 times two identical

concentrations of an aflatoxin solution. The lowest concentration

was calculated so that one spot corresponded to 2 and 0.5 ng afla-

toxin B.. and G., resp. One spot of each concentration was covered

with lead and the other spots were irradiated. After radiation -

the plates were "developed" in non-equilibrated tanks. 1The Irr&t

diated and non-Irradiated spots were compared under 560 nra UV-

light.

The results are compiled in Tab. 1. Differences of the intensity

of fluorescent light between treated and untreated aflatoxins are

not considered in this case, A "plus" in the table only neans

appearance of a spot at the same Rf-value as the control and a



"minus" indicates the absence of aflatoxin. Aflatoxin B.. was not

as radioresistant as -.

After using 1 MeV-electrons we could not find the J5 blue fluores-

cent derivates of aflatoxins described by Miyaki and coworkers (19)•

To simulate the employed dose rate of these authors we repeated

the experiments with a 60 keV X-ray tube. The results were com-

parable with those of the electron irradiation; fluorescing "afla-

toxin derivatives" with other Rf values we could not find-. The

cause for the difference betv/een our results and those of Miyaki

is probably related to different purities of the crude aflatoxins,

used in the experiments.

5.2 lrra£iation_of_aflatoxin_solutions

The astonishing high radioresistance of dry aflatoxins had demon-

strated that a destruction of these fungal metabolites in dehy-

drated products could be realised only with doses which affect

a food more than acceptable.

In solutions, however, the results were a little more encouraging.

Aflatoxins are very slightly soluble in chloroform, stabilised

with 0.6 - 1 ?a ethanol. Therefore, a reaction of aflatoxins with

radiolysis products of the solvent might be expected, comparable

.to the photoreactions with methyl groups under UV-light described

recently by VJaiss and Wiley (15)» The loss of aflatoxin after

irradiation in stabilised chloroform, however, was much smaller

than after the same treatment in aqueous media, as shown in Tab. 2.

The relatively high susceptibility to a dose of 100 and 250 krad

in phosphate buffer is comparable to that found with tylosin and

chlortetracycline by Kawabata and coworkers (17)•

At first sight the destruction rate in buffer solutions seems to

be satisfactory. A decomposition of 90 % reduces the aflatoxin

content of such a solution with 2 ppm to 200 ppb; 99 % obtains

even the tolerated maximum contamination for aflatoxins in food-

stuffs with'JO ppb, proposed by PAO. Some national regulations

recognize the zero tolerance only, meaning less than 10 ppb

according the analytical methods presently used.

-5-
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Sliced bread was inoculated with a toxic strain of A. flavus,

incubated 19 days at room temperature, homogenised in methanol,

and filled into plastic bags. This slurry, consisting of bread,

mycelium conidia and aflatoxins was dried at JO°C. Finally each

bag contained 0.5 g dry material and was sealed.

The results of the first experiment showed wide variations, and

the repetitions looked not better. It was not possible to eli-

minate the deviation of single measurements although tbs 3 bags"

of each radiation dose were analysed individually.

Nevertheless, it is possible to evaluate the results. 0.1 Mrad

never caused a measurable reduction of the aflatoxin content.

From 0.25 to 5 Mrad the residual toxin varied between 50 and 100 j2

i.e. the reduction of aflatoxin was half of the initial value.

The aflatoxin content before irradiation of B.. and G.. was between

102 and 48/ug/g and 16 and 7/ug/g respectively. A reduction of

50 % from these amounts does not reduce the toxicity markedly.

In dry stage aflatoxins seem to be very radioresistant. lliis

observation agrees with the results obtained from the thinlayer

plates reviewed in the first chapter and in Tab. 1.

5.4 Radiation of rice with aflatoxins under different aM values

The radiation of dry material has not been successful, however,

the decomposition of aflatoxins in solution was more promising.

Therefore, we irradiated rice with a known aflatoxin content and

different verified humidities.

Rice kernels swollen with approximatively 50 # water were auto-

claved at 121°C, inoculated with an aflatoxin producer and incu-

bated 6 days at 30°C in a simple rotation fermenter. The resulting

material consisted of Individual kernels overgrown with the mycelium

of the fungus. After drying the material at 70*C overnight the

conidia were killed and the product was filled into plastio bags.

Each bag held 2 g of dry matter which ware moistened with a

calculated amount of water. The sealed bags w«ro stored sosw days

. 9 -**
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for equilibration at room temperature in the dark. For each

humidity and each dose we prepared 6 bags; 5 of them were

analysed after irradiation, one after three and two after 12

months storage time at -18°C. The samples had a water content

of 8, 16, and J2 % resp."

One day after irradiation with O.OjJ, 0.1, 0.5, 1, and 3 Mrad resp.,

3 or 12 months later we could not find a remarkable diminution of

aflatoxin content of the individual samples.

Therefore, vie added in a second experiment 1 mmol NaCl to each •

bag corresponding to 29 mg/g rice. The degrees of humidity and the

radiation doses were the same as previously. In this case also

we could not find a reduction of the aflatoxin content.

These results confirm the observations of Kawabata and coworkers

(17) that the radioresistance of biologically active substances

may be increased 10 to 100 fold in presence of an excess of

organic matter.

4 Discussion

The results of our attempts show that the destruction of afla-

toxins in foodstuffs by irradiation is very difficult or impossible.

The required doses are so high that the radiochemical alterations

of the food are intolerable. The detoxification of feedstuffs,

however, especially proteine concentrates as additives,; seems to

be not impossible in combination with other methods. Further

investigations in this field are very important in our opinion,

with respect to the high rate of contamination of these products

with aflatoxins and the high demand of proteine in the world.
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