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THE INFLUENCE OF FOOD PROCESSIEG FRACTICES ON THE COMTEND
OF MYCOTOXIKS IN FOCZ PRODUCTS

L. 8. Lvova

I. Iatrodustion
Contamination of vegetable raw materials such as oll bear-
ing crops, corn, rice, wWieat, and barley with mycotoxins, 1.e.
toxic and carcinogenic metabolites of mierocscopic fungl was
reported from many countries, Accoxding to national legisla-—
tlons the content oif aflatoxin B,] aust not exceed 2,5-20 ug/kg.
Most countries, however, have net yet arranged a total super-
vision ¢of contamination of grain and oil-bearing crops with
aflatoxins and other mycotoxina. More often than nol there
is only a selective supervision of grain batches which have
external signs of the development of wioroecople fungi, or
which have been stored in unfavourable conditlons. In keep—
ing with the ¢perative standards in many countries grain
batches containing excessive amount of grains spoiled by micro~
organiems or by spontaneous heating are barred to be processed
for food nesds, In s number of instances, however, aflatoxine
way be present in grain which cutwardly doces not differ from
normal grain, Intenslve reproductlion of insects say leasd to
contamination of grain with aflatoxing, through excrements which
the lnsects carry from contaminated layers of the tulk grain.
Contamination of grain with aflatoxing way occur alsc in a
purely mechanical manner, shen the spores of Agpergillus flavus
@ which fraquently lncorporste high levels of eflatoxins ( 500
~ pe/kg) reach the grein, and also when grain of different batches
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are mixed. Another possibility is the accumulation of toxic pro-
ducts as a regult of disintegration of mycotoxins in the process
of detoxicetion. All this leads to a situation when batches of
grain and peeds containing considerable amount of aflatoxina
and other mycotoxins go into processing.

Detoxdlcation of products contaminated with aflatoxina 1s
impeded by a high thermostability of toxins, considersble eco-
nomic expenditures and the worsening of technological and food
properties.

The processing and cooking of products contsminated with
mycotoxina puts them under mechanical, physical and chemical
actions which in their turn elther destroy or redistribute the
toxins content. The detoxification effect 1s attatned by the
following techniquest

1. Mechanical removal of toxins with the most contaminated
components of the grain mass (hulled rice, spoiled and broken
seeds) or with parts of kernels (husks, surface layers of seeds),
This occurs during separstion when grain is put to wet or dry
¢cleaning.

2, Separation of intermediate stocks, which are the least
contaminated with mycotoxins since they are distributed in
the bulk grain not uniformly. Extensive use has been made of
this practice in wheat and corn milling.

3. Selective extraction of mycotoxins or the product by
water or organic solvents, This is carried out in case of wet
milling of maize and in the production of vegetable oils.

4, Destruction of aflatoxins or turning them into less
toxie substances by heating or chemical treatment (oxidation,

the action of acids, alkalls).
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2. Mechanical removal and redistribution of

mycotoxins in the processing of food products

Prior to storing and also in the mill when grain ig being
prepared for milling it is subjected to cleaning. The maln task
of cleaning 1s to rewove weeds and grain admixtures and to
treat grain eurfuce wlth the removal of the upper, the moat
conteminated lsyers, Conditioning is alsc epplied to improve
technologlcal propertles of grain when 1t is prepared for
allilng,

2.1, Separation

The kernels of maize and other c¢rops containlng aflatoxins
are structurally weskened and are easily crushed owing to
their affection with microscoplc fungi. Toxlns are generally
found, in Wroken kernels and in grain sdmixturses. #en 21
pamples of malze wore exmmined by Johnson et al. (1969) they
found in 20 instances only traces of sflatoxine 1n whole ker-
nels, As for dockage, aflatoxins were present oanly at 8-112
/ug/ks.

As s rule, manual aeparation of these fractions reduces
the aflatoxins level down to trace quantity. The amethods of

physical sepgsration which are applied for malze in the USA are

. not efficient enough %o reduce markedly the aflatoxins level in

145

it, In pome instences it was found that the concentration of
afletoxina even lncremsed, The problsm is rendered even more
difficult eince under low concentrations mycotoxins msy be
present in outwardly sound kernsls which practically cennot be
separated in grain cleaning.

Therefore, though there is the opinion, that separation
may conslderably reduce the mycotoxins content in the gr in mass,

I-2
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thers ars only a few instances of ite effective use. In our
exporiments with rice separation wastes as few as 5-16% of
aflatoxin 131 was removed. Separatior and dry cleaning of corn
prior to milling reduced the content of zearalenon by 3-10%
only {(Shotwell O. et al., 1979; Brekke 0. et al., 1975;

Benneth C. et al., 1976).

Beparation by silze of wheat grain contaminated by ochratoxin
A failed to give any positive result since the main grein and
the mmall fractions (& 2.5 mm) conslsting of broken kernels,
foreign admixtures, contained simller concentrations of ochra-
toxin A (Chelkowski J. et al., 1981).

The practice of separation proved te be most effective for
large graln corops such as peanute and ¢otton seeds., Successlve
use of mechsnical, slectronic and manual separation made it
possible to decrease the content of aflatoxing in a batch
of peanuts from 150J15/kg to 3}3/1&5 {Table 2).

Table 2

Influence of differsnt techniques of separation upon aflatoxin
content in peanuts (Kensler, 197 )

Methods of seperation Yleld of Aflatoxin content,

fraction, kg

.

Initial sample 100 150
Mechanical sorting 0.7 2500
Separation with photoelement 14.9 30
¥anual sorting 0,7 150-375
Final product 83.7 3
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When peenute ilmported to the USA where put to s secondsry
aleaning with pneumsatlec sepzration it helped to bring down
the sghare of rejected lots from 32% 1mn 1968 to 1% in 1971-1974.

Electronic sorting (Ashworth et al., 1968) helps to reacve
the cotton-seeds ewnltting green fluorescence and containing a
greater part of aflatoxdins, Successful use has been likewise
made of pneumatic separators for the more damaged seeds of
peanuts and cotton,

Toere is speclal lntereat in eeparatien of hulled kernels
from ¢orn in cobs and paddy. Under unfavourable astorage condi-
tione fungi atart to develop preferably on hulled and broken
kernels and only then affect sound grain, It wes established
by our inveetigatlons that the probabllity of eflatoxins' ap-
pesarance 1s considerably higher on shelled rice fthan on the
renaining part of grain, The study of 10 samples of paddy con-
taminated with aflatoxins as a result of self-heatlpg under ex-
perimental conditions ghowed that the concentration of afla -
toxin B1 in hulled greins in a number ¢of cases was 10 timea
higher than the concentratlions of aflatoxin obaserved in unhulled
kernels (Table 3),

The maximum separation ¢f hulled kernele from ths mass of
corn oobs, just ap of ehelled grains from paddy help to increase
grain sefebty, and mleo the removal of those components which
are moet frequently damaged by fungl and may cortain mycotoxins,

2,2, Dry and wet grain ¢leaning

T™he main part of the segetative mass and organs of fungal
sporification at the initial stage of development affects the
surface of grain or ite costing. Then the fungus penetrates

the germ and only later on 1t attwacks the 2ndosperm, Aflatoxing

1-3



Table 3

Degres of contamination of hulled and unhulled kernels
of rice with aflatoxin B‘I

No., Maxinum tem~ Duration of Content of aflatoxin B,, )13/1{5
perature in  gelf-heat- 1

storage, °C  1ing, days Oripinal Unbulled Hulled
paddy kearnels kernels

1 37 7 133 85 1000
2 28 3 108 80 600
3 86 2 14 12 a0
3 28 4 40 K0 50
5 30 9 27 25 60
) 35 12 67 63 133
? 40 19 67 61 -166
8 30 15 133 77 1200

grow in grain in a aimilar aeiuence. At low concentrstions
(less than 10—301ng/k8) up to BO=100% of aflatoxins are concen—
trated in the grain coatlngs. With the increape in level of con-
tamination with toxins, conaldsrable smount of the toxins grows
in the germ and in the endosperm, The degree of the endogpern
contamination decreapop from ocuter layers to the inner ones,
Therefore, the removal of aflatoxring from grain may be .
carried out using technologies which clean the surface of
grain and which gepmrate the upper hranny leayers: washing,
scouring and aspiration, Dry cleaning of grain prior to milling
is the most effective technique. Scouring machinres reduce bao-
terlal end fungal contamination of grain by 50-90%, brush
machines, by 20~-50%, The effectiveness of cleaning is improved
by repeuted passing of grain through scouring and brush machines
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though the effect of each subsequent pass is dinminighed, Removsnl
of 3.5-5.0% of the wheat hull helpes to reduce mould fungi con-
tent down %0 0.1 thousand/g and the oversll number of micro—
organism -~ to 100 thousand/g.

When graln is prepared for processelng 1-3,5% of 1ts masn
primarily the frult and seed hulls is removed. The concontra~
tion of aflatoxins in the waste exceeds from 2 to 7-fold btheir
initial content in grain, A 5% removal of hulls with acouring
machines leads to elimination of 29% of asflaboxin 31 and 26% of
aflatoxin (},1 (Fig, 1). The use of Lopatineky's worm~screw machine
which removes large fragments of bulls from kernels, 1a most
1ike ly, wmore effective in terms of graln decontamination since
the remcval of as few as 2,8% of surface layers results in the
elimination of 19+26% of aflatoxine (Fig. 1).

The application of geouring machines and of the practices
which simulate graln washing mekes it possible to relieve grain
from 50% of sflatoxine, In this case the toxine are eliminatied
mechanically together with the surface layers and fungi spores,
and are partially dissclved in water,

In connection with the in~depth penetration of ochratoxin
A into the graim of ubeaE and barley, dry end wet cleaning of
contaminated graln proved to give a negligible effect
{Chelkowski J. et al., 1981).

To improve the health and aenitary state of grsin and
to remove insecticldes, benzpyrene, heavy metals and mycotoxins
Tschiersch R, (1978) recommends to Increasse the removal of hullas
prior to milling up to 3 5-5.0% regardless of the type of
milling.

——
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2.3. Jheat milling

Milling offers the possibility of obtalning high quality
products from internal parts of the gralr mass, which are to g
lesser extent conteminated with afiatoxins (flcur of top grade
and firet grade, semollno).

Ir scouring grinding of slightly contaminated wheat graln
the largest part of toxins ips eliminated with brands (Keo, Robin-
son, 1972) . More detalled investigation of the influence of 78%
nilling and rapid conditioning of wheat grain om distribution
of aflatoxins was oarried out by Lvova L.8. % al., 1977.

{Table 4).

In general for all types of milling the content of aflato-
xins lncreases from the top grade to lower grades and attalned
the maximur in brands. As the distance from the centre of
the endosperm to outlying parts of the kermel is increasing the
content of aflatoxine is growing too. Tais expiaine wiy the
flour of reduction gysteme 1,2,3 end treak systems I, II and IIT
containe the lowest aflatoxins level 4=5 times lower the initial
levai flour with s considerable amount of the alsuron laysr and
the outlaying parte of the endosperm (tail flour II) contained
from 2 to 3 times more aflatoxing than it was revealed in the
original grain.

Wher mjlling wheat Bubjected to & brief attack of mould,
aflatoxine werse found te be concentrated for the most pert in
the outlying’parts of the kernsl (milling 2). Therefcre smaller
quantitieg of aflatexins passed to the fop and first-grads
flours as compared with the results obtained when milling wheat

grain subjected to a prolonged attack of moulds (25 and 49%,
respeckively)

-5



- 10 -

SuTueTgTPUOS PTIeT Je3Jy e

FOTUOTATPUCS B8I0ITRY (v *EI0N

8L 05°0 L6E Lee 04E 99°9 SwB Iy
X B6£'0 ohlL L6*0 qeL €2 JNOTJ epeTd prue
6L 2o 95 =19} 29 2kt amotr epexd 3S5L
2t 80°0 [ aL*0 6t 68°0 amor 3 epexd dog
£G hmfm.o.
[ale]® Q.#m.o oL #9°0 oot o8°L ared® TeUTITIN
M S e g
T.I0 1¥ TI0 TEuUTIT IO
owm ot ¢ 9x/9d  ous o3 wy /A swn o3 ¢ S/
Ho038 PUTITIN
€ FATIIIN 2 ZUTTTTR L 2uTITTA

(4461 *'T® 38 *T BAOAT) 39038 SUFITT® jeetM ey) U “g ULXosSTI® O WOTINATILSTC

¥ oTQHEL



- 11 -

The application of rapid conditioning decreased the content
of aflatoxinos in flour, speclifically in second-pgrade flour end
brans. MHoat likely, the effect of moletening and high teupera-
tures in rapid conditioning manifests lteelf chiefly in the
surface, the most contamlnated parts of the kernel,

Ochratoxin A, unlike aflatoxins, spreads in the kernel in
& nore uniform manner. It conteminates also the endosperm,
therefore the level of ochratoxin content in flour and brans
ia approximately one and the pame (Table 5).

Table S5

Diptribution of ochretoxdn A4 In flour and trans after
miliing of wheat end barley {(Chelkowski J, et al., 1981

Ochratoxin A content, mg/kg

Bample Flour yield, %%

in flour in Wwrans
1 80 2.4 2.5
2 70 1.6 3.1
3 50 0.46 0.92
8 50 2.7 1.4
5 50 1.9 1.6
6 60 1.8 1.7
? 50 1.0 0.8

2.4, Bice proocesaing
One of the main peculiarities of rice kernels which deter~

nines its comparative r¢ Leotance %o aflatoxin contamination,
is the presence of a flour gloom which obstructs ths pene-

g tration of A, flavug within the kernel, Therefore, major part
)

I-6
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of the toxine present in the paddy {(up to 70%), accumulates
in broken kerncls. As for the unbroken kernels, aflatoxins
were distributed on the surrface: up to 67% was concentrated
in the flour gloowm, up to 25% — in the germ, fruit and geed
coatings.

Thess peculiurities of rice kernels nsave made it poasible
to sujpose lts considerable decontamination with traditional
practices of treatment and processing,

It has been demonstrated that during cleaning, together
with the waste, an average of 5.7% of sflatoxdn B,1 was removed,
howaver, this may be increased by a fuller separation of damaged
kernels,

Owing to surface distribution of toxins, considerable
effect was attained in the production of peeled rices S55=74%
of aflatoxin B, was removed with hulle, from 18 to 32% -~
wnﬁmmnmmBoﬁﬂﬂﬂmuﬂﬁm1aofmamnn1@m
tent of aflatoxin remained in pesled rice (Table 6).

The application of hydrothermal processing of rice ker-
nele in the production of peeled rice entails the destructiocn
of 91% of aflatoxin B1 and 92-93% of aflatoxin 01. In the pro-
cess the larger part of toxine was destroyed in the desmping of
kernels at a temperature of 50 to 60°¢ far six hours,

Further destruction of aflatoxin o¢curred during coold:ig
(6=56%) .

The consideration of the entire psttern of rice treat-
wment including its cleaning, the production of groats and
cooking (Fig. '2), shows a considerable total effect of de-
contamination which reaches 92.4%, and when hydrothermal treat-

ment is applied — 99.3%.

1455
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Thus, owlng to a comparatively rare distribution and low
concentratilon of aflatoxins which are fraquent in rice kernels
in moderste climate (_J;EO/ng/kg) and also owlng to the sur~
face distribution of toxins in kernels, the traditional tech—
niquea of processling enpures the decontanination of a conglder-
able part of samples of rice kernels given the pressnt-day levels

of aflatoxin contamination,

2.5, Processirg of maize

Maize, more often than other grain crops, is contaminated
with mycotoxins during its maturing and in storage., It 18 rather
of ten that zearolenon, toxin T-2 and vomitotoxin &re found in
corn graln besides aflatoxins.

Dry willing is most often used for maize greain in food in-
dustry since it ylelds groats, flour and fodder fractiona, and
also the wet milling which 1s used to obtain starch, Technolo-
gically, dry milling of malze i close to wheat milling. Duxing
this process we observe a redistribution of aflatoxins among
the products of processing. Toxing, in the wain, are concentrat-
ed in the hull, germ end small-gize waste. Only 9% of the total
quantity of aflatoxins is found in middlings and flour. Thus,
conalderable detoxification of major cereal products 1s attain-
ed, the yleld of which was 60% (Brekke 0. et al., 1975). The
same products contained but 10-22% of the total zearalenon
(Benneth et al., 1976). The highest concentration of mycotoxin
was found in the germ (from 10 to 20 times higher than in grain),
842-75% of aflatoxins and 34-53% of zearalenon fell on the germ,
When the germ is not sufficiently thoroughly separated from 15

to 32% of eflatoxips remain in the principal product (Lvova L,
et al., 1978).

1455
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Btarch and a number of other products are produced hy
means of wet maize mllling. Grain is first damped for several
hours for better separation of the germ and coating, A consi-
derable part of aflatoxins (up to 40%) goes into dauping water;
approximately 60% of toxins remain in seed fractions {the gernm,
fiber, protein). The principal product -- starch -- contains
a8 few a8 1% of the oripginal aflatoxinse level. When contamina~
tion with aflatoxing is not high (5—30/ug/kg, etarch is prac-—
tically free from aflatoxins (Yehl K. et al., 1971) (Table 7).

Benneth G. et al. (1978) have shown that the distribution
of zearalenon in products of wet milling differs from the dist—
ribution of aflatoxin, Up to 72-75% of zearalenmon fell on pro-
tein fractions and water soluble substances, eflatoxin, however,
was found, for bthe most part, in damping water and water soluble
substances (40%) and in fiber (coatings) (38%). This is dus to
the ingolubility of zesralenon in water. The wet milling of
corn which contains 0.9-9.4 yg/kg zearalenon emsureg the ob-
taining of starch which is practically free from szearalenon,

3. Application of selective extraction for elimination
of mycotoxing

T™e process of obtalning vegetable oil is a classical
example of dstoxication of food products during thelr process-
jng with the applicstion of solvents,

When producing vegetable oil the predominant part of
toxins remains in the cake or oil-~seed meal. Thus, 1n extract-
ing oil from corn germs by hexene the concentration of afla-
toxin B, in the oil-seed meal was 750 /ug/kg while in oil it
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was only Sjlg/kg. In those cases when oil was extracted by
ueang of chloroform a bigger quantity of aflatoxins remain in
the oil. Clarification and refining makes it possible to ob-
taln product which contains not more than 1 ?g/kg of aflatoxin
B1, regardless of the method of extraction or the initiel con-
centration of the toxin. The decomposition of aflatoxin in oil
is due to the alkeline treatment during which the non-flucres-~
cent derivatives of aflatoxins are produced. Their toxicity is
weak (Parker W, et al., 1966).

A somewhat larger quantity of aflatoxins (6%) pssses into
0ll which is produced by pressing though even in this case
the refining reduces their content to traces (Natarajan et al.,

1975) .

&, Decomposition of mycotoxins by exposure to
chemical and physicel factors

When grain is prepared for milling or when 1t is being
mllled the main development is redistribution of toxins be-
tween the mailn and secondary products. The developments in-
volved in the grain fermentation in the distillery industry,
brewing, partially, in bread baking it is the decomposition
of mycotoxins are being exposed to heat, mistur; and, in a
number of cases, enzymes of microorganism,

Grain processing in alcohol production develops conditions
which favour the decomposition of the larger part of aflato-
xing and obtaining distillate which is absolutely free from
toxins, and also of secondary products which are but slightly
contaminated {Damm R, et al,, 1977). The larger part of toxins
(65%) are decomposed during malting, This is facilitated by
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high temperztures (75 end 95°C) and considerable smbient humidity
(70%). The post ferumentation waste retoins only 3% of the ini-
tial confent of aflatoxins, The waste is used %o produce protein
concentrates Dy a double alkaline extraction, The treatment with
alkalines entalls further dscomposition of aflatoxins, Their
total content in the products of alkaline extraction ie 7%, and
in protein concentrates =— only 2.2%, Thus, two related techno-
logies ensure practically full decontemination of the maln mnd
secondary products.

The procepdsing of melze contaminated with zearalenone leads
to the appearance of alcohol which 18 free from toxtns, The brew-
ing technology ensures decouposition of 73-82% of aflatoxins,
end 72-86% of ochratoxin A, which, at times, contaminates barley.
The fullest decomposltion of toxins is noted during the protein
and carbohydrate hydrolyasls which goes at a high temperature,
and alsc in wort boiling. During this process ochratoxin A may
change into ochratoxin d (Cbhu F, et al,, 1975 Nip W, et al.,
1975). It can be apaumed that ochratoxin A 1s decomposed in the
brewlng process as 8 repult of hydrolysis., Nevertheless, from
14 to 28% of mycotoxins combtominates beer,

In the process of prolonged fermentation of soya been wort
one can observe the transformation of aflatoxin B1 to less toxls
aflatoxin BZa which is & result of the effect of lactic acid
produced by lactobacillug delbrucckli, There is partial conver-
sion of B1 into B, under the effect of lactlo bacteris-also in
ensllagling of contamipated malzo.

~ During the leolation of protein isolates and concentrates
from peanuts it was found that the larger part of aflatoxine
18 concentrated in the protein fraction. Nabarajan K, et al,,
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1975, explain the phenomenon of concentration of aflatoxing
in protein products by the ability of aflatoxinse to form charge-
transfer comploxee with donors of %7 ~electrons in macromele—
cules, Such donors are amincacids histidine, phenylalanine,
tyrosin and tryptophan.

T™e repults are similar when lsclates are taken from psa-
nut meel; 50-G0% of the overall amount of aflatoxins is iso-
lated with the protein, 30% -— rewmain in the sediment of pro-—
teln 1solation and 10-18% — in the supernatent fraction (Ba-
sappa B. et al.,, 1972). Preliminary washing of peanut and cot-
ton seed flour with ethanol lowsrs the concentration of afla-
toxins almest to one thirtieth of its initial level, The gppli-
cation of active carhon ae an adsorbent in alkelil sgolutions of
protein entailed the lessening of aflatoxin content by 90%
(Stoloff L. et al,, 1976).

The techniques of cooking like frying emd bolling on the
whole are poorly effective in terms of their composition of
mycotoxins. Let us conslder a few examples. Approximately 50%
of nivalenol and desoxinivalenol which were added to flour re-
mained in the product during its baking (210°C) during frying
(140°C) apd boiling (Kamimurs, 1978). Heating of grain to 150%
did not bring about any loss of zearalenon. A conpiderable part
of ochratoxin A (34~53%) remains in canned beens even after
cooking and conserving at 121°C for 1-4 hours (Herwig J. et el.,
1974). Boiling of frult julces and sauces doee not lead %o a
loss of patulin (Andersson A,, Josefsson E., 1979). Decomposgi~
tion of aflatoxin B, rice volling is shown in Table 8,
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Teble &8

Dacomposition of aflatoxin B,] under different vechniques
of rice cooklng

Rice snd Aflato-
Aflatox B, content

:::zg Cooklng conditions Mg/kg 1 i :ﬁﬁpgg-

{welght) gitlon,
initial final Fe

452 40=-45 min,; atmospheric .

pressure 6518 61 %12 6

18 ditto st 36 g 37

132 20 min; pressure 0,15 5730 40 %o 30

148 aitto 57 % 0 25 % 4 56

In the experiments carried out by Indisn sclentista
{Rebana F. et al., 1979) ordinary cooking of rice decomposed
49% of aflatoxin B,.', pressure cooklng of »lce deccmposed 73%,
and boiling rice in & surplus of water - 82%.

Ordinary frying of food when c¢ll temperature was 170-180°0
did not entalil comsiderable decomposition of aflatoxins present
in oonventlonal pesnut butter. The content of aflatoxin ]31 8-
oreased only when heating over 250°C {Peers F., Linsell C.,
1975) . 1t has been suggested in recent years to treat vegetabls
olls in the troplcs by solar light which vrovokes decompoattion
of aflatoxina {Ehanta T., Murty V., 1977; Okonkwoe P., Nwokolo C.,
1978) .

When peanut wae fried far 30 minutes at 150°C aflatoxdin

B, was decowposed t¢ BO% and aflatoxin B, -- 60%. When the

1
initial content of aflatoxins wee ’!500/.15/\{3, frying led to
complete decomposition of aflatoxine (lee W, st al,, 1968).
Iry frylog lessened the convent of aflatoxin 3, and G,I some-

what @ore radically (69 and 67%, respectively), than frying
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with oll (65 and 62%) (Lee W. et al., 1969). Similar results
were ¢obtained for maize. #hen malze was fried, from #0 to 80%
of aflatoxin B, was decomposed (Bogley E., 1978). Decomposition
of toxlns was intensified if the product was treated with smmo-~
mia prior %o frying (Conway iH. et al., 1978).

If the content of aflatoxin ]3,1 in fodder ;ﬁ)./ug/kg,
it is found in milk as afiatoxin M‘l" This aflatoxin is partial-
ly retained even during pasterization and dehydrating of wmilk,
it passes on to butter and dalry products (Kiermsier F., 1973},
Aflatoxin Ml,1 is most frequently found ir cheese in the winter
period when mixed feeds contaminated with aflatoxin B,1 are
widely used.

Iz wine-making, up tc 504 of aflatoxins, which grow
during the harvesting and storage of grapes are decomposed
during fermentation, the remaining part passes on to wine,
Aflatoxdne usually conteminate, in low concentrations (2.6

J.ngl) primarily red wines (Lebtonen M., 1973).

A producent of patulin, Penlcillium expansum 1is of great-
est importance emong microorganisms whichk cause the rotiening
of apples end the spoiling of apple Juice. It hae been ghown
by experiments that patulin, in the production of apple Julce
passes from the initial material into the Jjuics and that ita
emount is but slightly lowered in the technolegy of production,
e decomposition of 50% of patulin occurs during the fermen~
tation of apple cydre. As a real mesns which decreames patulin
content Yo trace amounts 1s the treatment of juice with active

carbon (Harwig J, et al., 1973; Andersson A,, Josefsson, E.,
1979} .
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5., Tread baking

It has been demonstrated experimentally by Reiss J, (1975,
1978 and 1977) that aflatoxin B,} snd G,, patulin, ochratoxin A,
eytrinin and sterigmatocystin may develop in bread, However,
only aflatoxin, patulin and cchratoxin A have been found in
spontansously moulded bread.

Aflatoxins were alsc found in & mlxed rye—and-wheatb
bread in Pederal Germany. After 10% of Bamples of moulded hread
made of coarse milled flour contained aflutoxin 131 in an amount
reaching 7000Jus/kg (Irank H,, 1968), When 91 loaves of varlous
kinds of bread with indications of woulding were examined Spi-
cher G, (1973) found eflatoxing 1n 15 samples, The rye-and-
wheat bread was damaged more than any other kind of tread,

The ability of aflatoxins %o migrate and to get concentrat=-
ed in the depth of under the focus of contamination within the
loof (Henesen E,, Yung M., 1973). Patulin, most ilkely, canhot
grow in molded flour and breed owing %o ite instability when
exposed to pulphydril contalning awmdnoaclids of cereals (Reiss J..4
1977). Therafore there are doubts about the report of Tyllinan
et al., (1977) about the findlng of patulin in moulded hread.
Ochratoxin A, nost likely, also 18 not a problem for bread,
since when 50 samnples o0f spontanecusly moulded bread wers ana~
lyzed in England by Osborns B, (1980) only this toxin was found
but in one semple (0.21 /ug/kg).

5.1. Bffect of btread baking on aflatoxin content

The wost probable way of aflatoxin's penetraticn to bread
i introduction with the principal component -- flour. A number
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of investigations showed the role of bread beking in decreas-
ing the content of aflatoxins in the end product -~ hread
(Jemmali M, et al., 1972; Reiss J,, 1978; Lvova L. et al.,
1977). in dough mixing and leavening the content of aflatoxin
B1 waa lowered to 3886k, that of aflatoxin G”l' reuained prac-
tically the same (80-103%). Tis confirms the supposition of
Jemmall M., Lafont P. (1972} about the oxidizing changes of By
during dough mixing which lead %o ite change inte aflatoxin G,.
Moat likely oxlidation occurs not due to air oxygen but in con-
nection with some conjugated bilological syetewms with participa-
tion of lypoxygenases, since an increase in the number of revo-
lutions and the lengthening of the time of operation of dough
kneader bhas not led to any greater decompeaition of toxins.

The baking process dld not notably decrease the content
ot aflatoxins. From SO to 57% of aflatoxin B,' and from 83 to
84% of aflatoxin G1 was retained in the bread, Longer time of
leavening somewhat increased the decontamlnation of hread and
only 31% of aflatoxin 131 and 50-62% of aflatoxin Gu,1
in it theare is also a possibility of wicroblologicel change

was found

of aflatoxin B,'.

5.2, Formation of toxing in durable storage of bread

The temperature of storage and the acidity of grain, and
also its contamination with spores of toxigenous strains of
fungli are the maln factors which determine the possgibility of
the formation of mycotoxing in bread. The best possible tempe~
ratures for the growth of aflatoxins in btread is the 20-35%
range, however, at 10°C more toxing is forued than at 40°C.

A weakly acld medium with pH 5 favours tne synthesis of afla-
toxins. e synthesis of aflatoxin 34 derends 12 a larger
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nensure upon the acidlty of the medium, than the accumulation
of aflatoxin G,1 (Roiss J,, 1975; Schreider H,, Hein, 1967;
Spicher G., 1973). The 1llumination does not influence the
synthesis of aflatoxdns in bread.

S5liced bread which was kept in hermetically sealed,hss
shown that the synthesls of aflatoxins depends largely upon
oxyren concentration, There was concurrent growth, sporlla-
tion of fungi and synthesis of aflaetoxin up to the time the
sturting store of oxygen was used up. With the exhaustion of
oxygen sporllation discontinpuned, though the growth of tha fun-
gus conbinued. No synthesls of aflatoxins was observed during
that period (Relss J., 1975).

The development of patulin is posaible at lower tempera-—
tures since the producent of patulin Peniclllium expansum has
the optiwmum growth on hread at a temparature of 10%C, The gyh=~
thesls of patulin poorly depends upon the ecldity of the me-
dium within the range of change of pH from 3.0 to B.6, Bteri~
gnatocystin was accumulated in bread conteminated with
A, versicoler, particularly intensively at a temperature of
20°C and pH 9.

In bread storage there ig the possiblility of a drop in
aflatoxin and patulin concentration which may be explained,
for instance, by the binding of patulin by the EH-groups of
bread protein,

Not only the crust but the adjacent layers of orumb are
dengerous in moulded bread slnce aflatoxins can reach up to
7 cm into bread and even more than that elther with the myce-
lium of fungi or owing %o thelr migratlon with molsture
{Frank H., 1974).
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The spores of microscopic fungl introduced with the ini-
t1eld material during bread baking are killed. Secondary in-
senination of bread wlth spores with would fungi occurs at
bakeries and during storesge in the trading network,

To prevent contamination of bread with mould fungi and
the growth of mycotoxin 1t has been suggested to keep working
prenlses in an alr tight condltion and to purify incoming
air sgainet fungl spores (Spicher G., 1976}, ozonification and
treatment with ultravieolet light, The additlen to bread of
funglstatlioc substances like the salts of sorbic and propionic
aclds does slow down the growth of fungl and the gynthesis of
toxing. These substances, however, have not received wide
epread application in mwost European countries owing to the
stringent limitasions of concentretion of the majority of con~
gervants (ieiss G., 1976). The therwmal method of decontamins-—
tion of bakery products against wmould fungl by exposure to
high temperature {15 minutes at 90°C) ie a more safe techni-
que.

The nature of the packing msaterial and the extent of 1te
contamination with spores of mould fungi also hsas an important
influencs upon the intensaity of bread moulding.,

As a whole during bresd baking there is alwoat & total
destruction of toxigenous fungi and partial destruction of
aflatoxins, Thiis, however, does not ensure complete detoxica-
tion of the finished product which predetermines the necessity
of further search of ways to lessen the contamination of dhread
with mycotoxins by thorough inspection of the initial material
and the development of techmologies which facilitate the degiruc-
tion of toxins,
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An Ilnstance of thise, umere safe technology of bread baking
are the fortilns made of maize flour which are wlde spread in
Mexico and TLatin America. Malze corn is first treated with
calecium oxide, for swelling and elonration of the envelopes
wihich leads to the destructlon of 604 of aflatoxins, The fingl
preduct -— tortilas —-— retaln 15~25% of the initial content

of eflatoxins (Ulloa-Sosa M, et al., 1969}).

6., Conclusion

Tie aforesald leads to a conclusion that dlfferent techno-
logles of procesaglng agricultural materials which are contami-
nated with mycotoxins ensure partiaml (and in a number of cases
complete) detoxification of staple food products,

Elaboration of specific techniques of processing which
improve the effect of dstoxification ls a premising trend in
this area, For inastance, it 1s advisable to remove a bigger
moes of the surface layers (upto 5%) in grain cleening, It is
axpedient to investigate a possibility of using liquid yeast
with Jlactic acid bacteria and extension of the fermentation
pariod in bread making,

In a number of technologies (dry and wet mllling of corn,
wheat milling, vegetable oil production) the concentration of
toxine is observed in by‘pr;ducts of feeding value (brans, germ,
palp, cake, oil seed meal etc.). These products may have high
concepntrations of toxine even with inglgnificant initiel conta-
mination of raw materlals with mycotoxins, thus restricting
thelr use as anima) feed.

Since quite a number of technologles emsure a consider-

able decrease in the content of mycotoxine in processed products
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1t 1s feasible to eatablish higher maximum permigaible levele
of aflatoxine for raw materials to be processed with regard
to the detoxiflcation effect attained in processing.

Tbus, lots of corn, containing aflatoxin B, in the quan-

1
tity of up to 50 mg/kg, may be used for starch and molasses
production, those containing up to 10‘f1@;/kg, =~ for dry milling.
Similar rates may be established for wheat grain in the milling
industry as well as for materials used for brewing purposes.

For the purposes of the alcohol industry, as well as for
the production of vegetable oil, the original content of toxins
in raw materisls may be rather high since the applied technology
ensures comple te detoxdification of the principal finished pro-

duots,
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Fig.2. Reducing of aflatoxin B1 content during
various methras of rise proceasing.

I = with hydro—thermal trealment,
IT -~ without hydro-thermal Sreatment.
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