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MYCOTOXINS IN FOOD1

K . S. B ILG R A M I
Post-Graduate Department o f  Botany, Bhagalpur University, Bhagalpur

W hat we eat actually  depends on 
w hat we get and  not w hat we want. 
A pproxim ately 20%  food becomes u n 
safe before reaching the consumer. 
M oulds are known to produce a  wide 
variety  of biologically active compounds 
on ag ricu ltu ra l and  other consum a
ble commodities. Some of these com 
pounds which are  mostly secondary 
m etabolites (M ycotoxins) are higly toxic 
to the vertebrates. M ycotoxins are  ela
borated  on cereals, pulses, oil seeds, dry 
fruits, spices, green fruits, and  vegetables, 
d ried  fish and  shrim ps, milk and milk

products, different types of m eat as 
well as wide varie ty  o f  o ther consum able 
articles. M ost of these toxic substances 
find their way to  hum an system through 
different routes. These harm ful che
micals are  in  our food chain bu t un- 
io rtunately  their long range effects have 
not been properly evaluated.

A bout a dozen mycotoxins are 
k row n to contam inate different types of 
food m aterials. Aflatoxins, ochratoxins, 
zeralenone, citrin in , sterigm atocystin, 
trichothecenes, p a tu lin , penicillic acid 
are  some o f the m ore po ten t ones.

TABLE I
NATURAL OCCURRENCE OF MYCOTOXINS IN FOOD 

M ycotoxin Com m odity Reference

Aflatoxin M aize

Paddy

W heat

Sorghum 

M ung, U rad

K rishnam achari et al., 1975a. 
M isra, 1977.
Sinha, K . K .,  1980. 
D aradhiyar, 1980.
Bilgram i et a l., 1981c.
M all et a l., 1983.
Sreenivasam urthy, 1975. 
N usra th  & R av i, 1983.
M isra, 1977.
V ora, 1978.
Prasad et a l., 1982.
Agarwal et a l., 1983.
T rip a th i, 1973.
B hadraiah  & R am a R ao, 1983. 
S inha, R . K . ,  1980.

ILecture delivered on th e  occassion o f aw ard  o f Panchanan M aheshw ari M edal for 1983 by the Ind ian  Bota
nical Society a t  Bhubaneswar on December 29, 1983.
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TABLE I (Contd.)

M ycotoxin Com m odity Reference

Zearalenone

Sterigm itocystin

O chratoxin

Tric'iothecenes 
Peaicillic acid 
G itrinin

G roundnut

G roundnut oil 
C otton seed 
Coconut

D ry fruits
Spices
F ru its

Vegetables

M ilk
M aize
Paddy
D ry fru its & spices
Paddy
W heat
C otton seed
Paddy
D ry fru its & spices
G roundnut
Sorghum
Fruits
G roundnut
D ry fruits & spices

Sreenivasam urthy et al., 1965. 
R ao et a l., 1965. 
Subrahm anyam  & Rao. 1974. 
M ehan & M cD onald, 1983.
D w arkauath et a l., 1969.
Raghavendra R ao et al., 1970.
N arasim han , 1968. 
Anonymous, 1980.
Singh, A njana, 1983.
Singh, Anjana 1983.
Singh, A njana, 1983.
Verm a et a l., 1980.
Sinha & Singh, 1982b.
Anonymous, 1980.
Sinha & Singh, 1982.
Y adgiri & T ulpule, 1974.
Bilgram i et a l,, 1980.
N usra th  & R av i, 1983.
Singh, A njana, 1983.
Anonymous, 1980.

— do—
— do—

N usrath  & R avi, 1983.
Singh, A njana, 1983.
Rao et a l., 1979.
Rukm ini & B hat, 1978.
Anonymous, 1980.
Subrahm anyam  & R ao, 1974.
Singh, A njana, 1983.

Ergotoxins from  Claviceps purpurea (Fr.) 
Tu!. is known since the time of recorded 
history. gangarene, nausea, giddiness, 
cram ps, nervous break-down and con
vulsions are some of the common m ani
festations of Ergotism. Ergot is now no

longer feared as a food poison ra ther it 
has proved to be a starting m aterial for 
production of several im portan t drugs. 
However, in Ind ia  consum ption of ergo- 
ty Bajra in parts o f M aharash tra , G ujarat 
and  R ajasthan results in vom iting, gidd i
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ness and  d iarrhoea. In  extrem e cases 
it  m ay be fatal (Bhat et al., 197'j). This 
ergot which is caused by Claviceps fu s i-  
formis Love is quite different in  its 
chem ical nature from  the ergot o f  rye 
or w heat.

A uthentic reports about m ould p ro 
duced toxins in  cattle (1924), Stachy- 
botryotoxicoses in  horses (1931), Fusarium 
toxicity in  swine (1936), m ouldy corn 
poisoning in  horses (1940) started app ea
ring  in  scientific lite ra tu re  since the early 
p a r t o f the present century. M axim um  
concern was, however, felt in the post 
second world w ar period w hen in  Russia 
a  disease broke in hum an beings which 
was nam ed as A lim entary Toxic Aleukia 
(ATA). This disease was first recorded 
in  eastern Siberia in  1913 b u t its dele
terious effects were not fully realized a t 
th a t tim e. Russians, eating m ouldy (due 
to infestation o f FusariumlGladosporium) 
overwintered and  snow covered grains, 
suffered w ith  severe derm al necorsis, 
leucopenia, hem orrhagic rashes and 
destruction o f bone narrow . In  acute 
cases nasal, gastric and  in testinal hem or
rhages m ay also occur and necrotic les
ions are  caused in  the th ro a t, on the 
lips and  on skin o f the nose, jaw s and  the 
eyes. Subsequently some in treasting obser
vations were m ade and  it was found th a t 
overw intered samples o f cereals retained 
their toxicity even after seven years of 
m ould infestation. T he culture filtrates 
o f Fusarium and  Gladosporium grow n a t 
low tem peratu re were m ore toxic than  
those m aintained a t  room  tem perature. 
H ighest toxicity was associated with 
m aterials collected a t the tim e of 
m axim um  spore production  (Joffe, 
1972). In  certain  areas m ortality  was 
up  to 60% .

H istorically the year 1960 is very 
im portan t because o f the scientific con
cern generated abou t the mycotoxins

since th a t tim e. I t  was in  th a t year 
th a t abo u t a  lakh beautifu l gam e birds- 
Turkey perished in  England w ith in a  
short span o f tim e w ithout leaving any 
trace abo u t the cause of death. This 
m ysterious disease greatly baffled the 
veterinary scientists who were unable 
to find out the cause or the cure of dise
ase. Since it  was difficult to give any 
scientific nam e to the disease, i t  was 
preferred to disignate it as “ Turkey-X- 
Disease” . I t  was, however, soon realized 
th a t the sudden doom  of the T urkey po 
ults was due to consum ption o f m eal 
served to them . Systematic analysis of 
the meals was, therefore, in itia ted  bu t 
it was found to be free of bacteria , 
viruses or any known toxic chemicals. 
T he affected birds expressed loss of ap 
petite , letharginess, weakening of the 
wings and  drying of legs etc. I t  was 
found th a t the m eal served to the T u r
key birds was prepared of peanuts which 
was actually  im ported from  Brazil by a  
ship nam ed Rossette. T he m eal was 
thus nick-nam cd as “ Rossettee, m eal” .

A vigourus search by a  team  ol 
British microbiologists lead by Sargeant 
resulted in  identification o f the causal 
organism  and  they cam e to the conclu
sion th a t the m eal which had  killed the 
birds was heavily infested by fungus 
Aspergillus f la m s  L ink ex Fies (Sar- 
ge&.nt et al., 1961). This fungus is very 
well d istribu ted  in nature  an d  its con- 
idia are  wide spread in  a ir  and  soil. 
U nable to chem ically characterize the 
natu re  o f toxin, they nam ed the toxic 
factor as A FL A TO X IN  (Sargeant et al., 
19f 3). These workers further reported 
th a t the toxic factors em itted blue and 
green fluorescence on TLG plates under 
U V -light. F urther classification of 
aflatoxins was done on the basis of the 
colour of the fluoresence, their R f  values, 
chem ical structure, toxic potency and
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mode of action. Those recognized in i
tially were nam ed as B ,, B2 Gx and  G2. 
It was also established th a t afiatoxins 
were secondary arom atic  and  hetero
cyclic m etabolites and toxicity was more 
pronounced in  Bx and  Gj series which 
was due to 2, 3-vinyl bond (P a t
terson, 1976). A t present more than  
two dozen varieties of afiatoxins are 
known. All these findings have resulted 
in  a  rap id  accum ulation of lite ra 
tu re  on the subject.

F urther investigations showed th a t 
the afiatoxins were sparingly soluble m  
w ater and  these dissolved m ore readily 
in po lar solvents like chloroform , m etha
nol etc. A llcroft and  Lewis in  1963 
found their presence in  milk of different 
types. These toxins, which a ie  ac tu 
ally the hydroxylated derivatives of B! 
and  Ba were nam ed as M t an d  M a or 
m ilk toxins. has also been repor
ted from  stored and  freshly harvested 
corn (Shotwell et a l., 1976). A survey 
conducted by G F T R I, Mysore (Sreeni- 
vasam urthy, 1975) in  the coastal dis
tricts of K arn a tak a  has shown th a t heavy 
fungal infestations o f foodgrains were 
associated w ith high incidence of liver 
enlargem ent in children. Spicules were 
observed in the RBG of such children. 
An im portan t source o f exposure to afia
toxins is th rough  milk and  milk p ro d u 
cts. M ilk feeding starts from  childhood 
and  even hum an milk (Amla et al., 
1970, 1974) is not free of afiatoxins. I t  
is suspected th a t In d ian  Childhood C ir
rhosis (ICC ) is due to breast feeding. 
Excretion of aflatoxin M j is reported  in 
milk and  u rine  o f several farm  and  do 
mestic anim als (Bhat et al., 1978). In  
milk these were developed due to con
sum ption o f m ouldy fodder by the ca
ttle . M x and  M a were spotted in milk 
only when there was a t least a  thresh- 
hold level of 50 ppb o f aflatoxin in the

fodder. Foods frieu in unrefined oil 
are a serious source o f aflatoxin con ta
m ination (D w arkanath et al., 1969).

Usually cases of acute hepatitis are 
not etiologically confirmed even in well 
equipped hospitals and  these are placed 
under a  broad  category of v ira l h ep a ti
tis. Cases of liver carcinom a in  north 
B ihar are  m ore frequent in  post-m on
soon period which is possibly because 
of consum ption o f m ouldy maize.

Intensive histopathological studies 
of the affected birds and  anim als have 
shown th a t liver and  kidney were the 
m ain targets o f a ttack . Necrosis o f  h e 
patic  cells, bile duct proliferation , d ila 
tion of veins were com m on in liver while 
kidney showed g ianu la r degeneration, 
dilation of tubules and proliferation of 
epithelial cells. Digestive an d  urinary  
tracts were also affected. O ther pa its  
to be affected were spleen, lym ph nodes, 
bone m arrow , nervous system, heart and 
lungs. Susceptibility of the anim als to 
the afiatoxins is considerably enhanced 
by protein  (M adhavan and  G opalan, 
1965) and  vitam in (Newberne et al., 
1968) difficiency.

At Bhagalpur, we started work on 
mycotoxins in 1975 when our atten tion  
was draw n towards high m ortality of 
poultry  brids in different parts o f the 
state. W e found heavy infestation of 
A. flavus in  the feed th a t was served a t 
P a tna  pou ltry  farm  and  other places. 
T he deaths were m ore severe in  the po st
monsoon period. Afiatoxins are  a  great 
th rea t to the p o u ltry  birds specially be
cause m aize an d  g roundnu t cake w hich 
are  the two m ain constituents o f  the 
m eal also happen  to be very good sub
strates for proliferation  o f A . flavus and 
elaboration  o f afiatoxins. Association 
of toxigenic isolates of A . flavus w ith food 
com m odities is qu ite  com m on. Besides 
producing afiatoxins these fungi also



M YCOTOXINS IN  FOOD 113
cause considerable dam age to the n u tr i
tive quality  of the infested substrates 
(Bilgrami et al., 1979, 1981a, 1983 ; 
Singh and  Sinha, 1982, 1983, S inha and  
Singh, 1982a). M aize samples collec
ted by vs from different parts of Bihar 
yielded various forms of afiatoxins (Sinha, 
K . K ., 1983). Reports from U . S. A. 
(Hasseltine, 1974; Shotwell et al., 1976, 
1977, 1980) as well as from  various parts 
of Ind ia  (K rishnam achari et al.„  1975a; 
M isra, 1977; M all et al., 1983) establish 
th a t maize is one o f the very good sub
strates for aflatoxin production  and  h a 
zard in  this crop m ay be m uch more 
severe than  th a t in the peanuts.

We conducted histopathological ex
perim ents w ith alb ino rats and  noted 
the form ation o f liver carcinom a in the 
injected anim als, necrosis in the liver 
cells, d ialation  o f cen tral veins and  for
m ation o f hyper-chrom atic nuclei. Such 
results have also been reported from 
other parts  o f the w orld. We suspect 
th a t the lungs o f poultry  birds are also 
possibly affected. E xperim ental con
firm ation is still aw aited. Toxic effects 
o f aflatoxin were also recorded on Swiss 
mice. A general decrease in body w eight 
and loss in  reflexes and  sparking of coat 
hairs were com m on m anifestations. A 
small tum our like protuberance was ob
served on righ t Pelvic gridle after 30 
weeks o f feeding. H istopathological stu
dies o f this tum our showed it to be a 
secondary carcinom a. Significant chan 
ges in  the liver o f affected anim als were 
also recorded. Some o f the central veins 
were dialated  and  surrounded by a 
large num ber of polym orphs and  m ononu
clear cells. M ononuclear infiltration 
was also observed in  the kidney.

E nvironm ent plays the most deci
sive role in  na tu ra l contam ination of m y
cotoxins because it  affects the substrates 
as well as the activ ity  o f  the moulds.

O u t of the various environm ental factors, 
the role o f tem perature and  hum idity  is 
most significant. A m inim um  of 85%  
R H  is needed for aflatoxin elaboration 
while in case o f grains and  seeds the 
most suitable in ternal m oisture level is 
between 15-20% (m inim um  9% ; maxi- 
m um -30%  in peanut). O n basis of 
surveys conducted in  different parts  of 
the country it can be concluded th a t 
moist heat of monsoon is most conducive 
to mycotoxin elaboration on stored ag ri
cultu ral commodities. Incidence o f afla- 
toxins and  fusarial toxins was higher in 
paddy  samples collected from  coastal 
districts of G odavari and A ndhra Pradesh 
(N usrath and  R avi, 1983). M all et al., 
(1983) recorded a  close correlation bet- 
wenn kernel m oisture and  A. flavus p o 
pu lation  in  m aize. A m oisture level 
below 12% seems to be the safe lim it 
for preventing aflatoxin form ation. Afla- 
toxins are  known to be e laborated  on 
agricu ltu ra l com m odities from  12-40°G. 
b u t 28 to 30°C is the op tim um  range 
for paddy  (D etroy et al., 1971), peanuts 
(D iener and Davis, 1969) and  maize (Om  
Prakash and  S iradhana , 1978). This 
is the m ain reason for its being a m ajor 
problem  in  a  tropical country like India . 
Besides tem peratu re and  m oisture, the 
pH  alterations are also im portan t so 
far as the toxin elaborating  capacity 
o f A . flavus  is concerned.

Form erly, mycotoxins were consi
dered to be essentially a  storage problem  
bu t now it is well established th a t the 
problem  in some o f the crops like maize 
is quite acute under field conditions also. 
I t  is, therefore, essential th a t surveil- 
lence should be in itia ted  from  fields. 
W e have noted th a t the areas which 
have high rainfall and  are  prone to 
floods show heavy infestation o f A . flavus 
on maize under field conditions. M ore 
th an  30% isolates are  toxigenic ou t of
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which 95%  produced m ore th an  30 
p p b  (safe lim it fixed by W H O ) o f afla- 
toxin. A pproxim ately 10% are  high 
producers. Reports published from  d i
fferent parts  o f U . S. A. du ring  the last 
ten years also confirm  th a t aflatoxin 
elaboration on standing m aize crops is 
quite frequent. Besides clim ate, the 
b iotic factors like rodents, birds and- 
insects play a significant role in dispersal 
o f  the inoculum . M aize cobs dam aged 
due to biotic factors were m ore severely 
affected and  had  invariab ly  higher level 
of aflatoxins (Bilgrami et al., 1978, 1980; 
Sinha, K . K ., 1980). We have also re 
corded th a t the samples collected d u r
ing the m onsoon season have high in 
cidence o f aflatoxins and  those collected 
in  w inters have greater frequency of 
fusarial toxin-zearalenone. Stressed gro
wing conditions o f crop, dense po pu
lation and  reduced level o f fertilizers 
usually help in  higher elaboration of 
toxins under field. Sudden fluctuation 
o f  w inter tem peratu re accom panied by 
ligh t showers is very helpful for zeara- 
lenone production . Since aflatoxins can 
to lerate very high tem peratu re and  are 
degraded only after 268°G, m any o f the 
finished and  m arket products like corn 
flakes have also substantially high con
centration  o f this mycotoxin. Aspergillus 

flavus  survives for years in na tu ra lly  in 
fested corn, even w hen it is kept dry 
(Hesseltine and  Rogers, 1982).

In  add ition  to m aize, we have also 
undertaken surveys o f dry  fruits and 
spices in  B ihar. O ur findings show th a t 
coconut, Euryale ferox (M akhana), ra is
ins and  alm ond are some o f the good 
substrates for aflatoxin elaboration and  
15-25% samples were m ycotoxin posi
tive. Some samples had  m ore than  one 
m ycotoxin. In  addition to aflatoxin, 
ochartoxin and  c itrin in  were elaborated 
on raisins and  zearalenone on alm ond.

Practically  all the spices including cori
ander, blacK cum in, black pepper, cum in, 
fennel and  chilli showed fairly high n a 
tu ra l contam ination o f m ycotoxins. T he 
spices were in  general better substrates 
for aflatoxin contam ination than  the 
dry  fruits (Singh, A njana, 1983). D an 
ger from  the dry fruits is, however, great- 
ter because most of these are consumed 
in uncooked stage. Fresh em blic fruits 
support good grow th of A . flavus  and  
o ther toxin producing m oulds and  n a 
tu ra l contam ination of three mycotoxins 
i.e ., aflatoxins, ochratoxin and  zearale
none was recorded on it. Careless h an d 
ling, in ju ry  or unseasonal rains a t  the 
tim e o f harvesting or drying greatly 
enhance the incidence of m ould infesta
tion and mycotoxin developm ent. We 
have noted th a t in  different ag ricu ltu ral 
belts of Bihar the storage practices vary 
and  this has a  profouund effect on the 
incidence of mycotoxins in  ag ricu ltu ral 
produce. By and  large the cultivators 
are not aw are o f m ycotoxin hazards 
and if  the m oisture content is high in 
food and  foddei du ring  storage the m y
cotoxin level will also be high. P roper 
storage of food and fodder deserves h igh
est p rio rity  specially in the areas which 
have high hum idity  and  are  prone to 
floods (Bilgram i, 1983).

N orm ally aflatoxin production  is 
accomplished by A . flavus group of fungi 
including 4. pirasiticus bu t some other 
species of Aspergillus, Penicillium, Rhizo- 
pus and  Mucor etc. are  also known to 
elaborate this m ycotoxin. M ost o f the 
po ten t mycotoxins a re , however, e la
borated by the species of Aspergillus, Peni
cillium and  Fusa'ium. W hy are the toxin 
producing potentials confined to few 
fungal genera only needs to be probed 
in  depth. Besides aflatoxins, the other 
im portan t ones are sterigm atocystin, oc-
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hratoxin , c itrin in , penicillic acid , p a tu 
lin* rubratoxin , yellow rice toxins, zear- 
alenone and  trichothecenes. Sterigm a- 
tocystin, is structurally  related to afla
toxin and  consists of a  zanthone nucleus. 
O chratoxins (O chratoxin-A  is most to 
xic) are a group of isocoum arin amides. 
C itrin in  is a-quinone m ethide while ci- 
treoviridin contains an  a-pyreone chro- 
m ophore. P atu lin  and penicillic acid 
are unsatu rated  lactone derivatives. T r i 
chothecenes are  complex group of ses- 
quiferpenoids and  zearalenone is 
resorcyclic acid lactone having estero- 
genic properties. Ergot alkaloids are 
derivatives of lysergic acid. O u t of the 
various mycotoxins, afiatoxins and steri- 
gm atocystin are po ten t carcinogens. 
Penicillic acid and patu lin  also have 
sim ilar properties b u f o f lesser dim en
sion .

Some of the mycotoxins which con
tam inate our food have been found to 
be m utagenic (W iyllie and M orehouse, 
1978). T here is every possibility th a t 
continued consum ption o f m ycotoxin 
rich  food m ay dam age or m ight have 
already dam aged the hereditary  m aterial 
o f the consumers. I f  so, we m ay be u n 
w ittingly harm ing  the hum an race. 
This possibility unfortunately  has not 
been scientifically evaluated. M utagenic 
effects o f aflatoxin Bj have been exam i
ned and  confirm ed on Cklaymdomonas, 
Neurospora, some prokaryotes and  in m a
m m alian tissue cultures. T eratogenicity 
and  carcinogenicity o f these toxins are 
further suggestive of their m utagenic 
property.

T he m utagenic effects o f mycotoxins 
in  m am m alian or hum an systems should 
be evaluated by adop ting  standard  gu i
delines. M onitoring o f mycotoxin- co
nsum ing hum an  popu lation  for assesing 
the m utational effect would have been

ideal b u t i t  is neither possible nor safe. 
S inha, S. P. (1983) has suggested the 
use o f suitable m am m alian systems and 
he has given a  detailed out-line for the 
experim ental protocol.

T he toxigenic properties of the m y
cotoxins are  quite close despite variation 
in their chem ical nature. Considerable 
atten tion  has, therefore, been paid in  the 
recent past on biosynthesis o f mycotoxins 
especially o f aflatoxin Bx w hich is the most 
po ten t caroinogen till date. Kojic acid 
phenyl alanine, tyrosine, tryptophan* m e
thionine, leucine* an  acetate* mevalonic, 
acid , C lg polyketide single and  double 
units as well as C20 polyketide ("single 
unit) are  some of the suggested p recu r
sors. Sincere efforts have been m ade 
by several biochemists including Pachler 
et al. (1976), Cox et al., (1977) as well 
as W an and  H sieh (1980) in the recent 
past to explore the biosynthetic steps 
o f aflatoxin Bt . T he  evidences suggest 
C „  polyketide to be the possible p re 
cursor w hich undergoes folding and  con
densation to form  a  series o f compounds 
including averan tin , averufin , versiconal 
acetate, versicoloiin “ A ” , sterigm ato- 
cystin finally leading to form ation of 
aflatoxin Br  W e have exam ined the 
effects o f various carbon and  nitrogen 
com pounds as well as vitam ins and  TCA  
cycle interm ediates on biosynthesis of 
aflatoxin Bx. D ifferent com pounds have 
varying effects an d  by and large the 
grow th and  aflatoxin producing po ten
tials do not necessarily show a direct 
correlation.

Peptone, alan ine, am m onium  mo- 
lybdate and  am m onium  carbonate are 
good supporters o f aflatoxin production. 
Role of nitrogen sources is im portant 
because of easy conversion o f am ino 
acids to pyruvate and  subsequently to 
acetyl coenzyme A  which is a  precursor
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o f aflatoxins (Sahay, 1983). Among 
the carbohydrates glucose and  fructose 
are good for the grow th of toxigenic s tra
ins as well as for aflatoxin production 
(Prasad, 1983). N itrogen and  carbon 
sources provided in  different com bina
tions support higher and  faster p ro 
duction of aflatoxins th an  any individual 
source.

T he basic constituents of agricu ltu ral 
commodities are im portan t so far as 
production of aflatoxin is concerned 
bu t the environm ent and  time of h a r 
vesting play a  m ore decisive role. I t 
is reflected from  the fact th a t under na
tu ral conditions maize and rice are good 
substrates while w heat, barley and  millets 
are com paratively poorer. M aize is one 
o f the richest substrates for aflatoxin ela
boration and  cobs even in  standing 
crops get high degree o f  infestation (Bil
gram i and  Sinha, 1983). G aur and  Sira- 
dhana  (1983) reported  elaboration of 
aflatoxin Bx even on com paratively re 
sistant varieties o f m aize like G anga-1} 
maize hybrid . P roper screening o f this 
crop should, therefore, be undretaken 
as it m ay prove to be risky for hum an 
beings as well as for the cattle. We 
have also exam ined the varie ta l effect 
and  found th a t there was no such vari- 
iety o f m aize which is totally resistant 
to m ycotoxin elaboration. T here are, 
however, a num ber o f varieties like EH - 
2420, G anga-5, Ganga-2 and  Him-123 
w hich are com paratively less susceptible 
(Bilgrami et al., 1982a). Aflatoxin ela
boration varies on different varieties on 
Sorghum  also (B hadraiah and  R am a 
R ao , 1983).

A very a larm ing facet o f m ycotoxin 
problem  is the;r effect on hum an system 
an d  it is found th a t the hum an po pu la 
tion has been affected from  tim e to 
tim e due to aflatoxin infested food.

M ajority  of these reports have come 
from  less developed countries like Ind ia , 
K enya, Swaziland and  M ozam bique.. 
M ost of the evidences regarding liver 
cancer in  hum an beings due to aflato
xin ingestion are  circum statntial. S ud
den our-break of afla toxicosis am ong the 
Bhil tribals o f W estern Ind ia  in  O ctober, 
1974 a ttrac ted  the a tten tion  o f Indian  
scientists bacause 106 o f the affected 
victims died w ith in  few days. In  most 
of the cases profuse gastrointestinal blee
ding preceeded death . E nlargem ent of 
liver and  spleen was noted and  syndrom e 
was sim ilar to th a t o f jaund ice. A u to
psy o f liver showed proliferation of bile 
duct and  m ultinucleate g iant cells (K ri- 
shnam achari et al., 1975 a , b , c). Afla
toxin source was maize which got drenc
hed due to unseasonal rains creating 
congenial atm osphere for proliferation 
o f moulds. T he males are , by and  large, 
m ore susceptible and  incidence o f liver 
cancer is h igher in them  as com pared to 
the females. This varia tion  in  m ale and 
female sexes needs in dep th  studies 
because it is getting some support from  
the test anim als also. Convincing gene- 
tical explanations are , however, w an
ting. Adverse responses in anim als also 
vary  w ith age, health , nu tritional as 
well as horm onal status. Occasionally 
severe in fan t m ortality  has been repor
ted from  some parts o f the country 
where symptoms sim ilar to jaund ice  
were recorded. Possiblility o f adverse 
effects of aflatoxin M x can not be ru led  
ou t in  such cases. Cases of liver c a r
cinom a in  N orth  B ihar are  m ore fre
quen t in  post-monsoon period (O ctober 
to Janu ary ) which is possibly due to 
consum ption o f m ouldy m aize. U nfor
tunately  most o f the physicians and  
veterinarians are not sufficiently fam ilar 
with the disease syndrom e and  may 
falter to detect even the  acute cases.
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A bout 20%  isolates o f A . flavus  and  

A. parasiticus are aflatoxin producers but 
it is not possible to distinguish the toxic 
and  non-toxic strains on basis of their 
m orphology. Some efforts were made 
in  this direction by R ao et al. (1965), 
T ulpule (1969), G upta et al. (1971), 
M ohan and  C hohan (1973, 1974) bu t a 
definite solution is still w anting. Earlier 
some attem pts have been m ade to segre
gate v iru len t and  aviru len t species/strains 
o f some fungal genera on basis of their 
am ino acid constituents. We have, there 
fore, tried  to correlate the toxicity with 
the am ino acid pa tte rn  of the mycelium. 
T he fact th a t acetyl Go A or active ace
tate which is the chief precursor o f afla
toxin and a t  the same time also an 
im portan t in term ediate for a num ber of 
p rim ary  m etabolites like carbohydrates, 
proteins and  fats was kept in  view while 
undertak ing these experim ents. T he 
results were quite encouraging (Sinha, 
R . K ., 1983). We noted th a t serine, an 
aliphatic  am ino acid was present in the 
well known toxic strain  of A. parasiticus 
i. e ., N RRL-3240. Another aliphatic 
am ino acid i. e ., D L-alanine as well as 
sulphur containing am ino acids like 
cystein and  L-m ethionine were confined 
to most of the toxigenic isolates. Possi
bly these am ino acids have a direct 
involvem ent in aflatoxin production be
cause they require a  com paratively shor
ter pathw ay for their conversion to acetyl 
Go A via pyruvate.

Three basic strategies i.e ., preven
tion, inactivation and detoxification have 
been adopted  to control the adverse 
effects o f mycotoxins. W hile planning 
any strategy for control it if essential to 
ensure th a t control m easures are cheap, 
convenient and  nontoxic. K eeping these 
objectives in  view we explored the possi
bility o f exploiting the aqueous extracts

o f chlorophyll bearing p lants, specially 
those which are  shear weeds and  with 
no app aren t utility . Initially  we scre
ened 115 plants (Singh, 19B1) ou t of 
which 14 were found to be quite effec
tive. These wrere p u t to further test 
and  finally 4 plants i.e ., Adiantum sp., 
Euphorbia hirta, Ricinus communis and 
Thuja orientalis were found to be highly 
po ten t in  m inim izing aflatoj in elabor
ation  o f cereals. This inhibitory p ro 
perty  can be a ttribu ted  to the rich 
phenolic contents in these plants which 
m ainly com prised tannic acid, pyro- 
gallol, quinol, resorcinol, caffeic and  sa
licylic acid  (Singh, P rem lata, 1983). 
Some mild phenolics like O -vanillin and 
ferulic acid also prevented aflato; in  ela
boration  by more than  70% on im por
tan t cereals and  oil-seeds (Bilgrami et al., 
1981b, 1982b). T he phenolics are well 
known inhibitors of p lan t pathogens and 
their toxic m etabolites. Therefore, fu r
ther exploitation and  efforts in  this d i
rection are expected to be quite rew ar
ding in  diluting and  m inim izing the 
adverse effects of mycotoxins on food 
products.
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