


THE INFUJEiOE OF FOOD PROCESSflG FRAC flOES ON THE CONTENT 

OF MYCOBAINS IN FOOD PRODUCTS 

L. S. Lvova 

I. Introduction 

Contamination of vegetable raw naterials such as oil hear-

ing crops, corn, rice, teat, and barley with rayootoxino, i.e. 

toxic and carcinogenic metabolites of microscopic fungi w.ie 

reported from naxiy countries. According to national leinla-

tIQAS the content ol alatoxi..n B must not exceed 2.5-20 ug/kg. 

Most countries, however, have not yet arranged a total super-

vision of contamination of grain and oil-bearing crops with 

aflatoxins and other mycotoxil2a. More often than not there 

is only a aeleotive supervision of grain batches which have 

external signs of the development of microscopic Luilgi, or 

which have been stored in unfavourable conditions. In keep-

ing with the operative standards in maxiy countries grain 

batchee containing excessive aiTlount of grains spoiled b y micro-

organiema or by spontafleOtl8 heating are barred to be processed 

for food needs. In a number of instances, hoeyer, aflatoxine 

mey be present in grain which outwardly doee not differ from 

normal grain. Intensive reproduction of insects 	lead to 

contaminat ton of grain with aflatoxina, through excrements ich 

the insects carry from contaminated layers of the hulk grain. 

Contamination of grain with aflatoxine may occur also in a 

pure Iy mechanical manner, whon the spores of Aspergllus flavum 

which frauently incorporate high levels of eflatoxins 	500 

' jigJkg) reach the grain, and also when grain of different batches 
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are mixed. Another poeihil1ty is the accunuletion of toxic pro-

ducts as a result of lis1ntegration of niycotoxins in the process 

of detoxication. All this loads to a .ituation when batches of 

grain and seeds containing considerable amount of aflatoxins 

and other niycotoxins go into processing. 

Detoxioation of products contaxni,nated with aflatoxins is 

impeded by a high thernostability of toxins, considerable eco-

nomic expenditures and the morsening of technological and food 

prop er tie a. 

The processing and cooking of products contaminated with 

ccotoxina puts them under mechanical, physical and chemical 

actions which in their turn either destroy or redistribute the 

toxins content. The detoxification effect is attained by the 

following toohniqu.eet 

Mechanical removal of toxins with the most contaminated 

components of the grain mass (bulled rice, spoiled and broken 

seeds) or with parts of kernels (husks, aface layers of seeds) 

This occurs during separation when grain is put to wet or iiry 

o leaning. 

Separation of intermediate stocks, which are the least 

contazninated with rycotoxins since they are distributed in 

the bulk grain not uniformly. Extensive use has been Lna.de of 

this practice in wheat and corn a.iiltng. 

Selective extraction of rsycoto.ns 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. 

tstruction of aflatoxins or turning them into less 

toxic substances by heating or chenical. treatoent (oxidation, 	Lr 
Ln 

the aation of acids, alkalis) . 
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2. Mechanical, rtuovl and red.istribution of 

ycotod-ns in the procesn 	of food prodc 

Prior to storing and also in the will when grain is being 

prepared for s.il1iniç it 18 subjected to cleaning. The main task 

of cleanina is to remove weeds and grain ad.mixtnree and to 

treat grain aurfce with the rsmovel of the upper, the woet 

contaminated layers. Conditioning is also applied to improve 

technological properties of grain when it is prepared for 

cii, lung. 

2.1. Separatiofl 

The kernels of ma,iie and other crops containing aflatoxine 

are structurally weakened and are easily crushed owing to 

their affection with microscopic fungi. PoxLns are generally 

founi, in tsoken kernels and in grain admixtupea. gien. 21 

sainpise of maize were examined by Johnson at el. (1969) they 

found in 20 instances only traces of aflatoxtna in w}1e ker-

nels. As for dockage, al'laboxins were present only at 8-112 

As a rule, cie,nual separation of these fractions reduces 

the aflatoxino level down to trace quantity. The ciethois of 

physical separation which are applied for same in the USA are 

not efficient enough to rednee markedly the aflatoxine level Lu 

In some instances it was found that the concentration of 

aflutoxina even increased. The prob loin is rendered even more 

difficult since under low concentrations mycotoxins may be 

present in outwardly eouz4 kernels which practically cannot be 

LO separated in grain cleaning. 

Therefore, though there is the optnion, that separation 
may considerably reduce the n'cotoxine content in the gr in mass, 

I-2 



-4- 

tbere are only a few instances of its effective use. In our 

exporinents with rice separation wastes RB few as 5-16% of 

aflatoxin B1  was reaoved. Separation and dry cleaning of corn 

prior to milling reduoed the content of zeareienon by 3-10% 

only (Shotwell 0. et al., 1979; I3rekke 0. at al., 1975; 

Benneth C. et al., 1976). 

[eparaVion by size of wheat grain contaminated by ochratoxLn. 

A failed to give any positive result since the main grain and 

the asiall fractions ( 	2.5 mm) consisting of broken kernels, 

foreign adaixtures, contained similar concentrations of ochra-

toxin A (Ohelkowski J. at al. 1  1981). 

The practice of separation proved to be most effective for 
large grain crops such as peanuts and cotton seeds. Successive 

use of mechanical, electronic and manual separation made it 

possible to decrease the content of afiatoxins in a batch 

of peanuts ftcs 150f/k€ to 3 )g/kg (Table 2). 

Table 2 

Inlluence of different techniqu.a of separation upon aflatoxin 
Qontent in peanuts (ensler, 197 ) 

Methods of separation 	 Yield of Aflatoxin content, 
fraction, 	1ug/kg 

Initial sample 	 100 	150 

Mechanical sorting 	 0.7 	2500 

Separation with photoelenent 	14.9 	30 

Manual sorting 	 0.7 	150-375 
l'inal product 	 83.7 	3 

in 
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en peanuts imported to the tJ$A where put to a ueooidsry 

cleaning with pneumatic separation it helped to bring down 

the share of rejected lots from 3 	in 1968 to 1% in 197 i-i9?-. 

Electronic aortIn (Ashworth et ml., 1968) helps to remove 

the cotton-seeds emitting greon fluorescence and containing a 

greater part of aflatoxins. Successful use has been likewise 

Sada of pneunatic separators for the more dasaged seeds of 

peanuts and cotton. 

There is special interest in separation of hulled kernels 

from corn in cobs and paddy. Under unfevourable storage condi-

tions fungi start to develop preferably on balled and broken 

kernels and only them affect sound grain. It was established 

by our investigations that the probability of aflatoxins' ep-

peerance in considerably higher on shelled rice than on the 

remaining part of grain. The study of 10 samples of paddy con-

baminated with afletoxins as a result of self-heating under ox-

perinental conditions s1wed that the concentration of afla - 

toxin B1  in hulled grains in a number of eases was 10 times 

higher than the concentrations of aflatoxin observed In unhullod 

kernels (Pable 3) 

The maximum separation of hulled kernels from the mass of 

corn oob, just an of shelled grains from paddy help to increase 

grain eafety, and also the removal of t)zse components which 

are most frequently damaged by funi and may contain mycotoxins, 

2.2. Dry ath!et grain cleaning 

The main pert of the .regetative mass and organs of funei 

sporifioatlou at the initial stage of development affects the 

surface of grain or its costing. Then the fungus penetroi;ei 
the germ and only later on it attacks the andosperm. kflrtoxia 

1-3 
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Table 3 

Deiree of contamination of hulled and unhulled kernels 
of rice with aflatoxin 

No. Maximum tern- 
perature in 
storage, 00 

Duration of 
self-heat-- 
ing, days 

Content of aflatoxin 
/ 

Oriina1 Unhulled 	Hulled 
paddy 	kernels 	kernels 

1 	37 7 133 85 1000 

2 	28 3 108 80 600 

3 	46 2 14 12 40 

4 	26 4 40 40 40 

5 	30 9 27 25 60 

6 	35 12 67 63 133 

7 	40 19 67 61 166 

8 	30 15 133 77 1200 

grow in grain in a similar sequence. At tow concenaticaa 

(1 as than 10-30 ,u.g/kg) up to 80-100% of aflatoxins are concen-

trated. in the grain coatings. With the increase in level of  con- 

tamination with tod.ne, considsrable eount of the toxins grows 

in the germ and in the endo sperm; The degree of the endo sperm 

oontowination decrease a from outer layers to the inner one a. 

Therefore, the removal of aflatoxina from grain may be 

carried out using technologies which clean the mirface of 

grain and which aepwr.ate the upper branry lsyers washing 

scouring and aspiration. Dry cleaning of grain prior to milling 

is the moat effective technique. Scouring machines reduce bac-

terial and fungal contamination of grain by 50-90%, brush 

machines, by 20-50%. The effectiveness of cleaning is improved. 
In 

by repeated passing of grain through scouring and brush machines 
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though the effect of each eubseuent pass is diminished. Removal 

of 3.5-5.0% of the wheat bull helpes to reduce mould fungi con-

tent down to 0.1 thouBand/g and the overall number of micro-

organism - to 100 thousarid/g. 

When grain is prepared for proceain€ 1-30% of Its mass 

primarily the fruit and seed hUlis is removed. The concentra-

tion of aflatoxins in the waste exceeds from 2 to 7-fold their 

initial content in €crsin.  A 5% removal of hulle with acouring 

machines lends to elimination of 29% of aflatoxin B 1  and 26% of 

aflatoxin Gi ( lPig. i). The use of Lopatinaky's worm-screw machine 

which removes large fragments of hulls from kernels, is most 

likely, more effective in tense of grain decontamination mince 

the removal of as few as 2.8% of ouraoe layers  results In the 

elimination of 19,.26% of aflatoxins (Fig. 1). 

The application of scouring machines and of the practices 

which simulate grain washing makes it poseib].e to relieve grein 

from 50% of aflatoxine. In this case the toxins are eliminated 

mechanically together with the surface layers and fungi spores, 

and are pEirtililly dissolved in water. 

In connection with the in-depth penetration of ochratod.n 

A into the grsi.ri of vhOat and barley, dry and wet cleaning of 

contaminated grain proved to give a negligible effect 

(Chelkoeslcl J. at al., 1981). 

To improve the health and sanitary state of grain and 

to ranove innecticidos, benzpyrens, heavy metals and mycotoxin 

Tschiersth P. (1978) reconmenda to incronee the removal of Nills  

prior to willing up to 3 5-5.0% renrd1ese of th.e type of 

milling. 
1) 
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2,3., Yaaal  milling 

LLiliing offers the possibility of obtainIng high quality 

products from internal parts of the grain maa8s which are to a 

lesser extent contaninated with aflatoxins (flour of top grade 

and first grade. secnoLtno). 

In scouring grinding of slightly contaminated wheat grain 

the largest part of toxins Is aliminated with brands (Kao,, Robin-

son 1972).. More detailed investigation of the influence of 78 

milling and rapid conditioning of wheat grain on distribution 

of aflatoxins was carried out by Lvova L. S.. et al,, 1977. 
(Table 4), 

In general for all types of milling the content of aflato-

ins increases from the top grade to lower grades and attained 

the maxthwm in brands. As the distance from the centre of 

the end.oaperui to outl'ing parts of the kernel is increasing the 

content of aflatoxths is growing too. This explains wty the 

flour of reduction systems 1. 20 and breadc systems I II and III 
contains the lowest a! latoxLns level -5 times lower the izd,tial 
lava], flour with a considerable amount of the aleuron layer and 

the omitlaying parts of the endoaperm (tail flour II) contained 

from 2 to 3 times more &t latoxtnø than it was revealed in the 

original grain. 

When milling wheat subjected 	a brief attack of mould, 

aflatoxins were found to be concentrated for the most part in 

the outlying parts of the kernei (milling 2)., Therefore smaller 

quantities of aflatoxins passed to the top and first-grade 

LO 
flours as compared with the results obtained when milling wheat 

LO grain eubjected to a prolonged attack of mouJ4a (25 and 49%, 
reepective1y, 

I-5 
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Lhe a.pplication of rapid conditioning deci'eaaed the oontet 

of aflatoxins in flour, specifically in aecond-grade flour and 

brana. Aoat likely, the effect of uioistening nd high teiapora-

tures in rapid conditioning nenlfests itself chiefly in the 

surface, the most contaminated parts of the kernel. 

Oobratoxin A. unlike aflatorina, spreads in the kernel in 

a more uniform manner. It contaninatea also the endosperLe, 

therefore the level of ochratoxin content in flour and W'ans 

18 approximate)j' one and the same (Table 5). 

Table 5 
Distribution of ocbratoxin A in flour and irana after 
milling of wheat and barley (Chelkoweki J. at al., 1981) 

OchratoxLn A content, mg/kg 
Sample 	Flour yield, 	 in flour 	intuane 

1 	 80 2,4 2.5 

2 	 70 1.6 3.1 

3 	50 0.46 0.92 

4 	50 2.7 1.4 

5 	50 1.9 1.6 

6 	60 1.8 1.7 

7 	50 1.0 0.8 

2.4-. Rice_prooeseth 

One of the main peculiarities of rice kernels vhich deter-

tines its comparative D€ ietance to aflatoxin contamination, 

is the presence of a flour gloom which obstructs the pene-

tration of A. flavi.e within the kernel. Therefore, m&jor part 

I-S 



- 12 - 

of the toths present in the paddy (tip to 70m), accumulates 

in broken kernels. As for the unbroken kernels, nZlatoxinB 

were distributed on the surface: up to 67% was concentrated 

in the flour gloom, up to 25% - in the germ, fruit and seed 

coatings. 

These peculiarities of rice kernels -java made it posoible 

to eupose its considerable decontamination with traditional 

practices of treatment and processing. 

It has been demonstrated that during cleaning, together 

with the waste 1  an average of 5.7% of aflatoxin B was removed, 

however, this may be increased by a fuller separation of damaged 

kernels. 

Owing to surface di.stribution of toxins, considerable 

effect was attained in the production of peeled rioe 55-74% 

of aflatoxin B1  was removed with hulle, from 18 to 32% - 

with middlings, BO that not more than 12% of the initial con-. 

tent of aflatoxin remained in peeled rice (Pable. 6). 

The application of hydrothermal processing of rice ker-

ndlS in the production of peeled rice entails the destruction 

of 91% of aflatoxin B1  and 92-93% of aflatoxin G1 . In the pro-

cess the larger part of toxins was destroyed 14 the damping of 

kernels at a temperature of 50 to 60 °0 for six hours. 

u.rther destruction of aflatoxin occurred during cooking 

(6-56%). 

The consideration of the entire pattern of rice treat-

raent including its cleaning, the production of greats and 

cooking (Fig. 2), shows a considerable total effect of de-

contamination which reaebes 92.4%, and when hydrothermal treat-

merit is applied - 99.3%. 
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Thus, owing to a comparatively rare d,istribution and low 

concentration of aflatoxtns which are frequent in rice kernels 

in aoderte climate ( 	50/i/kg) and also owing to the aur- 

laCe distribution of toxins in kernels, the traditional tech-. 

niques of processing ensurea the decontamination of & consider- 

able part of samplee of rice kernels given the present-day levels 

of aflatoxin contamination. 

2.5. Processthot maize  

Maize, more often than otkr grain crope, is Contaminated 

with myco toxins during its maturing and in storage. It in rather 

often that zearolenon 1  toxin T-2 and vonitotoxin are found in 

corn grain besides aflatoxins. 

Dry milling is most often used for maize grain in food, in-

dustry since it yields groats, flour and fodder fractions 1  and 

also the wet ailU.ng whidi is used to obtain starch. Technolo-

gical],y, dry milling of maize is close to wheat milling. Duxing 

this process we observe a redistribution of eflatoxins among 

the products of processing. Duxin, in the mai.rz, are concentrat-

ed in the hull, germ and small-size waste. Only 9% of the total 

uwikity of aflatoxins is found in middlings and flour. Thus, 

conaiderab].O d.etoxLfiCatiofl of major cereal pro'ducts is attain-

ed, the yield of which was 60% (Brekke 0. at al., 1975). The 

sane products contained but 10-22% of the total zearalenon 

(Benneth at al., 1976). The hiieet concentration of ycotoxin 

was found in the germ (from 10 to 20 times higher than in grain), 

42-75% of a.flatoxins and 34-53% of zearalenon fell on the germ. 

When the germ is not sufficiently thoroughly separated from 15 

to 32' of aflatoxins remain in the principal product (Lvova L.  

et al., 1976). 
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Starch and a number of other products are produced by 

means of wet maize milling. Grain in first damped for several 

hours for better separation of the germ and coating. A consi-

derable part of aflatoxins (up to 40/) goem into dauping water; 

approximately 60% of toxins remain in seed fractions (the germ, 

fiber, protein). The principal product -- starch - contains 

as few as 	of the original aflatoxins level • Iien contanina- 

tion with aflatoxLaa is not high (5-30.u,g/k.g,  starch is prac-

tically free from aflatoxina (Yshl K. et a]-., 1971) (i'able 7). 

Benneth 0. et al. (1978) have shown that the distribution 

of zecralenon in products of wet milling differs from the dist-

ribution of aflatoxin. Up to 72-7% of zearalenon fell on pro-

tein fractions and water soluble aubstoncec, aflatoxin, however, 

was found, for the most part s  in damping water and water soluble 

subetances (40%) and in fiber (coatings) (38). This Is due to 

the insolubility of zesralenon in water. The wet milling of 

corn which eontain.s 0.9-9.4 yg/kg zearalenon ensures the ob-. 

taming of starch which is practically free from zearalenon. 

3. Application of selective extraction for elimination 

of inycotoxins 

The process of obtaining vegetable oil is a classical 

example of detoxication of food products during tir procese-. 

ing vith the application of solvents. 

When producing vegetable oil the predominant part of 

toxins remains in the cake or oil-seed meal. Thus, in extract-

ing oil from corn germs by hexane the concentration of afla-

toxin Bi in the oil-seed meal was 750 ,,mg/kg while in oil it 
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was only 8,j19/kg. In those Cases when oil was extracted by 

soana of chloroform a bigger quantity of aflatoxins resain in 

the oil. Clarification and refining raakes it poaaible to o I>- 

tain product which contains not more than 1 ig/kg of aflatoxin 

' regardless of the method of extraction or the initial con-

centration of the tozin. The deconposition of aflato]cLn in oil 

is due to the alkaline treatnt during which the non-fluores-

cent derivatives of aflatoxins are produced. Their toxicity is 

weak (Parker W. at a].., 1966). 

A somewhat larger quantity of aflatoxins (6%)  passes into 

oil which is produced by pressing though even in this case 

the refining reduces their content to traces (Natarajan at a]., 

1975). 

Li. Decospoaition of inycotoxius by exposure to 
chemical andpbysical factors 

When grain Is prepared for milling or when it is being 

milled the main development is redistribution of toxins be-. 

tween the main and secondary products. The developments in-
volved in the grain fermentation in the diètillery :industry,  

brewing, partially, in bread baking it is the decomposition 

of mycotoxins are being exposed to heat, moisture and, in a 

naber of cases, enzymes of microorganism. 

(rain processing in alcohol production develops conditions 

ich favour the decomposition of the larger part of aflato-

xins and obtaining diatillate which is absolutely free from 

toxins, and also of secondary products which are but slightly 

contaminated (Dajnm R. et al. 1977). The larger part of todns 

(6) are decomposed during nalting. This is facilitated by 



high tenporatures (75 and 950C) and considerable anbtexrt humidity 

(70%). The post feiniuntation Waste reto.ins only 3 of the ini-

tial content of aflatoyins. The waste is used to produce protein 

concentrates by a double alkaline extraction. The treatment with 

alkalinog entails further decomposition of aflatoxins. Their 

total content in the products of alkaline extraction is 7%, and 

in protein concentrates - only 2.2%. Thus, two related techno-

logies enauro practically full decontamination of the smin and 

secondary products. 

The proceBsing of nai.e contaminated with zearalenone leads 

to the appearance of alcohol which is free from thxtns. The brew-

ing technolog ensures decoraposition of 73-82% of aflatoxins, 

and 72-86% of ochratoxn A, which, at times, contaminates berley. 

The fullest d.eccnpooit ion of toxins is noted during the protein 

and csrboh'drate hydrolysis which goes at a high temperature 1  

and also in wort boiling. During this process ooh.ratoxin A way  

change into ochraboxin CYL (Chu F. et ml., 19751  Nip . et ml., 

1975). It can be assumed that ochratozin A is decomposed in the 

brewing process as a result of hydrolysis. Neverthelea, from 

14 to 28% of iaycotoxins conitetinatO beer. 

In the process of prolonged fermentation of soya been wort 

one can observe the transformation of aflatoxin 8 to less toxte 

aflatoxin B2  which is a result of the effect of lactic acid 

produced by lactobacillus delbrckii. There is partial conver-

sion of B1 Into 8a under the effect of lactic bacteris 'also in 

enaileging of contaminated maiie. 

During the isolation of protein isolates and concentrats 

from peanuts it was found that the larger part of aflatoxin 

is concentrated in the protein fraction. Nabarajan K. at a).., 
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197, explain the phenomenon of concentration of aflatoxins 

in protein products by the ability of a±latoxins to forn charge-

tranBfer complexes with donors of 	-eltctrons in aacrouiole- 

cule. Such donors are amincacids histidine, phenylalanirie, 

tyrosin and tryptophan. 

The results are similar when isolates are taken from pea-

ntit meali 50-60% of the overall amount of aflatoxins is iso-

1.ated with the protein, 305& - remain in the sediment of pro-

tein isolation and 10-18% - in the supernatsnt fraction (Ba-

sappa S. at al., 1972). Preliminary washing of peanut and cot-

ton seed flour with ethanol lowers the concentration of af in-

toxins almost to one thirtieth of its initial level. The appli-

cation of active carbon as an adsorbent in alkali aolutina of 

protein entailed the lessening of aflatoxin content by 90% 

(Stoloff L. at al., 1976). 

The tecbniqies of cooking lika frying and boiling on the 

aole are poorly effective in terica of their composition of 

mycotoins. Let as consider a. few examples. Approximately 50% 

of n,ivalenol and dasoxinivalenol which were added to flour re-

mained in the product d.uring its baking (2100C) during frying 

(1400c) and boiling (ejnimura, 1978). Heating of grain to 1500  

did not bring about any loBe of zearalenon. A considerable part 

of ochratoxin A (34-53%) remains in canned beans even after 

cooking and conserving at 121 0C for 1-4  hours (Harwig J. at al., 

1974). Soiling of fruit juices and sauces does not lead to a 

loss of patulin (Andersson A., Josefsson E., 1979).  Decomposi-

tion of aflatoxin B1  rice boiling is shown in Table 8. 
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Table 8 

Deooapoeition of aflatoxin B 1  under different techniques 
of rice cooking 

Rice an 	 1ato- 
water 	 Aflatoxix 	cc tent, 
ratio 	0ookin con itions 

gompo- 
(weight) 

&thtiel 	final 

12 40-45 nm 1  atiaoepherio 
preeai.a'e 65 ± 8 61 	3 6 

18 ditto ± 0 36 	i. 37 

112 20 iaini  presae 0.15 57 ± 0 40 	0 30 

118 ditto 57 	0 25 ± I 56 

In the experaents carried out by Indian scientists 

(Rehena F. et aL, 1979) ordinary cooking of rice docoraposed. 

49% of aflatoxin B1 , pressure cooking of rice decorsposed, 73%, 

end boiling rice in a surplus of water 	82% 

Ordinary frying of food when oil teu'perature was 170_18000 

did not entail considerable decowpoal.tton of 9-flatoxina present 

In conventional peanut butter. The content of eflatoxin B 1  de-

creased only when heating over 25000 eers F, Linsell C, 

1975) It has been suested in recent years to treat vegetable 

oils in the tropics by solar light which trovokes decoaipo.tion 

of a.flatoxins (anta T., Mürty \U., 1977; Okonkwo P., Nwolcolo 0., 

1978). 

When peanut was fried for 30 rainutes at 15000  aflatod.n 

was decoraposed to 80% and aflatoxin 82 -. 50%. When the 

initial content of aflatoxins was 15CJ//kg frying led to 

cosplete decoraposition of aflatoxine (Lee W. at al., 19 68). 

Dry frying lessened the content of aflatoxin 3,and G 1  sone-

what more radically (69 and 67%, respectively), than frying 
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with oil (65 and 62%)  (Lee W. at al., 1969), Similar results 

were obtained for isaize rnien maize was fried from 40 to 80% 

of aflatoxin B1  was decomposed (Bagley S. 1978) Decomposition 

of toxins was intensified if the product was treated with ammo-

nia prior to frying (Conway h. at a1.. 1978). 

If the content of aflatoxin B in fodder90g/kg 

	

it is found in milk as a ].atoxin 	aflatoxin is partial- 

ly retained even during pasterization and dehydrating of milk s  
it passes on to butter and dairy products (Kieraeier F.,, 1973). 
Aflatoxin M is most frequently found in cheese in the winter 

period when mixed feeds contaminated with aflatoxin B1  are 

widely used. 

In wine—making up to 50% of aflatoxina which grow 

during the h.arveattn and storage of grapes are decomposed 

during fernentation the remaining part passes on to wine. 

£flatoxins usually contaminate, in low concentrations (2,6 

jig/i) primarily red wines (Lehtoneu M., 1973). 
A producent of patu1in Penicillium expaneum is of great-

est importance an.g icicrooxganlsma which cause the rotnin 

of apples and the spoiling of apple Juice It has been allova  

by experiments that patuJ.in In the production of apple Juice 

passes from the initial material into the juice and that its 

amount is but slightly lowered in the technology of production s  
The decomposition of 50% of patulin occurs during the feren-

tation of apple cydre, As a real means which decreases patulin 

content to trace amounts is the treatment of Juice with active 

carbon (Herwig J. et al,, 1973;  Anderason A.,, osefseo;L 

1979). 
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5. Ioad bng 

It has been demonoUated experiaenta1ly by }sias J. (1975 

197E and 1977) that aflatoxin Bi  and G1 , patulin, ochratoxin A. 

cytrinin and sterigiitatocyetin may develop in bread. 11over, 

only aflatoxin, patulin and ochratoxin A have been found in 

epontaneously moulded broad. 

Aflatoj,na were also found in a. mixed rye-and-wheat 

bread in Federal Germany. After 10% of samples of iaoulded bread 

Wade of coarse milled flour contained aflatoxte B in an anoun 

reaching 7000fg/kg (Frank H., 1968).  When  91 loaves of various 

kinds of bread with indications of moulding were examined Sj'i-

cher G. (1973) found aflatoxine in 15  samples. The rye-and 

wheat bread was damaged more than any other kind of bread. 

The ability of aflatoxins to migrate and to get conceritrat-

ed in the depth of under the focus of contamination within the 

loaf (Manesen L, Tung M., 1973).  Patulin, most likely, cannot 

grow in molded flour and bread owinH  to its inetahility viben 

exposed to suiphydril containing onincacids of cereals (Raise ., 

1977). Therefore there are &ubts about the report of 'I'l1inen 

et al. (1977) about the finding of patu.kin in moulded bread.. 

Ochratoxin A, most likely, also is not a problem for bread, 

since when 50 samples of spontaneously moulded bread were ana-

lyzed in England by 0sbrne B. (19 80) only this toxin was founl 

but In one sample (0.21 1ug/kg). 

5.1. Xffect of bra ad baking on aflato xl.n content 

The most probable way of aflaboxin's penetration to tread 

i introduction with the principal c.iponent -- flour. A number 



of investiatione showed the role of broad bakIn In deoreas-

in6 the content of afluto]d.ns in the end. product - aud 

(Jewnali M. et aL, 1972;  lleis 5., 1978; Lvova L. et al., 

1977). in douch nixing and leavening the nontant of aflatoxin 

Bi was lowered to 38-86, that of aflatoxta G 1 , renamed prac-

tically the some (80-103%). This conuirnis the 8upposIt4on of 

J eminali M Lafont P. (1972)  about the oxidizing changes of 

during dough mixing which lead, to its change into aflatoxin 

Most likely oxidation occurs not due to air oxygen but in con-

neotion with some conjugated biological systems with participa-

tion of lypoxygenases, since an increase in the number of revo-

lutions and the lengthening of the time of operation of douh 

kneader has not led to any greater decomposition of toxins. 

The baking process did not notably decrease the content 

of aflatoxins. From 50 to 57% of aflatoxin B1  and from 83 to 

82.% of aflatoxin G, was retained in the bread. Longer time of 

leavening aomewhat increased the decontamnination of bread and 

onLy 31% of aflatoxia B and 50-62% of aflatoxin G was found 

in it; there is also a possibility of microbiological change 

of a.flatoxin B1 . 

5.2. Formation of toxins in durable storage of bread 

The temperature of storage and the acidity of grain, and 

also Its contamination with spores of toxigenous strains of 

fusgi are the main factors iich determine the possibility of 

the formation of nycotoxins In bread.. The best possible tenpe-

ratures for the growth of aflatoxins in bread is the 20-35°C 

range, however, at 100C more toxins is Lorned than at 

A, weakly acid medium With PH 5 favours the synthe ale uf afla-

toxins. The synthesis of aflatoxin i3l de f ends in a larger 
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sesu.re upon the acidity of the medium., than the accuisulation 

of aflatoxin G 1  (Roles 3., 1975;  Schroider H., Hem, 19671 

Spicher 0. 0  1973).  The illuminttion does not influence the 

synthesis of aflatoxins in bread.. 

ShOed bread which was kept in herneticahly aealad,bae 

shown that the synthesis of aflgtoxins depends )argely upon 

oxys'en concentration. There was concurrent growth, eporila-

tion of fungi and synthesis of aflato]dn up to the time the 

sthrting store of oxygen was used up. With the exhaustion of 

oxygen sporUation dJ.econtinued, though the growth of the fun-

gus continued. No nynthesia of aflatx±xia was observed du.ring 

that period (Relos 3., 1975). 
The development of patulin is possible at lower tempera-

turee since the produceat of patulin Pexiclllium expanaun has 

the opt.aum growth on bread at a temperature of 10 00. The syn-

thesis of patulin poorly depends upon the acidity of the me-

diuu within the range of change of pI{ from 3.0 to 8.6. Steri-

gatatocyetin was accumulated in bread contesilnated with 

A. versico],or, particularly intensively at a teziiperature of 

200C and pH 9. 
In bread storage there is the possibility of a drop in 

aflatoxin and patulin conenbration thich may be explaine4i, 

for instance, by the binding of patuhin by the H-gro ups of 

bread protein. 

Not only the cruet but the adjacent layers of orumb are 

dangerous in moulded bread since aflatoxine can reach up to 

7 cm into bread and even more than that either with the iyce-

hum of fungi or owing to their migration with moisture 

(Frank H., 1974). 
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The spores of microscopic Auigt introduced vdth the ini-

tial material during bread baking are killed. Secondary in-

aewj.riation of bread with spores with mould fungi occurs at 

bakeries and during storage in the trading network. 

To prevent coiatainination of bread with mould fungi and 

the growth of wycotodn it has been suggested to keep working 

pramisea in an air tight condition and to purify incoming 

air against fungi spores (Spicer 0., 1976) ozonification an3 

treatment with ultraxiolet light. The addition to bread of 

fungistatic substances like the salta of sorbic and proplonic 

acids doea slow down the growth of fungi and the synthesii of 

toxins. These substances, however, have not received wide 

spread application in most .luropean cou.ntrie a owing to the 

etringent limitations of concentration of the majority of con-

Servants (reias G., 1976). The thermal method of decontamina-

tion of bakery products against mould fungi by erposure to 

high temperature (15 minutes at 900C) is a more safe techni-

que. 

The nature of the packing material and the extent of it 

contamination with epores of mould fungi also has an important 

influence upon the intensity of bread moulding. 

As a whole during bread baking there is almost a total 

destruction of toxigenoum fungi and partial destruction of 

aflatoxins. Thus, however, does not ensure complete detoxica-

tion of the ilniehed product which predetermines the necesalty 

of further search of ways to lessen the contamination of breed 

with mycotoxins by thorough inspection of the initial material 

and the developmeut of technologies which facilitae t5 3aOr!-

ton of toxins. 
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An inotance of thiü, more safe technology of bread baking 

are the tortilne nado of naize flour which are wide spread in 

Mexico and Latin Ajcerica. Maize corn Is first treated with 

caiciun oxide, for swelling and elongation of the envelopes 

which leads to the destruction of 6O CI aflatoxina. flie final 

product 	tortilas - retain 15-25%  of the initial content 

of aflatoxina (Ulloa-bosa M. et al., 1969). 

6. Conclusion. 

The aforesaid leads to a conclusion that different techno-

log1 s of proceosing agricultural naterials which are contami-

nated with rrcotoxina ensure partial (and in a number of cases 

complete) detoxl.fication of staple food products. 

Elaboration of specific techni.uea of proceadng which 

improve the effect of detoxification is a promising trend in 

this area. For inetance, it is &dvisable to remove a bigger 

mass of the mirface layers (upto 5 1A) in grain cleaning. It is 

expedient to investigate a possibility of using liquid yeast 

with lactic acid bacteria and extension of the fermentation 

period in bread making. 

In a number of technologies (dri and wet milUng of corn, 

wheat caillin, vegetable oil production) the concentration of 

tOZlfls is observed in by-products of feed.ing value (brana, gern, 

p&Lp, cake, oil seed meal etc.). These products may have high 

concentrations of toxins even with insignificant initial conta-

ninat ion of raw materials with mcotoxins, thus restricting 

their use as sniuisJ feed. 

since quite a number of technologies ensure a consider- 

able decrease in the content of sycotoxine in processed producte 
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it is feasible to establish h1er aaxIawi permissible levels 

of af lato]dn8 for raw materials to be processed with regard 

to the d.etoxification effect attained in processing. 

Thus, lots of corn, containing aflatoxin R in the quan-

tity of up to 50 pg/kg, may be used for 8t8rch and molasses  

pro1uction, those Containing up to iOjig/k, - for dry milling. 

isilar rates may be estab1ihed for wheat grain in the niillin 

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 meaterinla may be rather high since the applied technology 

ensures comp]ste detoxification of the principal finished pro-

ducts. 
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