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RBSTRACT

§ix hundred and six feed samples of ten different
types of animal feedstuffs collected fram different areas
in Jordan were tested for aflatoxins, sterigmatocystin
and aflatoxin-precducing fungi. One corn samplz wds found
to be contaminated with aflatoxin B, (AFaq) and aflatoxin
82 (nFBZ) with concentration of about 53 and 13 ppb,
respectively. OSterigmatocystin was not detected in all
samples tested. Probable aflatoxin producing fungi were
eought in thegse samples and on the basis of microscopic and
morphological identification, 238 isoclates of the

Aspergillus flavus group were cbtained. Representative

igsplates were identified and confirmed by the Commonuwealth
Mycological Institute, Yew, England. These appeared to

belong to Aspergillus flavus link ex fries. "Some were

identified as Aspergillus parasiticus spear, Aspergiilus

pryzae or Aspergillus tamarii. Twenty two (3.2%) of the

isclates were found to be aflatoxin producers. The suitability
of some feedstuffs as substrate for aflatoxin production

was also studied, these included poultry concentrate,

poultiry pellets, wheat bran, and lentil. All were good

substrate for aflatoxin production.
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Toxins produced paturally on the feed, natural substrates
in the laboratery and synthetic laboratory media were

"~ jdentified by thinm layer chromatography (TLC), chemical
confirmation tests and UV-agbsorption. The majority of the
aflatoxigenic isplates were cepable of producing P«FE!1 and/

or F\FBZ° Some isclates produced nFBq, RFEI2 and AFG,lu
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INTRODUCTION

Afiatoxins can be defined as a group of metabolites

produced by certain species of Aspergillus. Sterigmatocystin

-

alse is a metabolite produced by few fungal species but

mainly by Rspergillus versicolor. The genus Aspergillus

that includes these toxigenic species has been studied
thoroughly and found to contein ane hundred and thirty two
species, (Raper and Fennell, 1965). B8oth types of toxins
produced by different species; have been the subject of
investigation due to the widespread contamination of human

L., 1973).

foodstuffs and animal feeds (Hsleh gt

The ubiguitous nature of the molds which infest a
wide range of animal feeds and human foods resulted in the
speculation about the involvement of aflatoxins and
sterigmatocystin in the etiology of liver disease (FDA,
1978), The potent hepatoxic and carcinogenic activity
of aflatoxin B1 confirms this belief., Sterigmatocystin
alsc found to be carcinogenic to rat (Purchase and Van
der Watt, 1973; Dickens gt =2l., 1966) and alsc to verved
monkeﬁ; (Van der Watt and Purchase, 1968 and 1970).
Histologically the tumors bore a marked resemblance
tn those oececurring in man (Van der Watt, 1970a).

Sterigmatocystin was produced by large quantities on
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wli
different substrates including different vegetables,
fruits, matze,and fruit juice (Thurm et al., 1979), Grapes

and fruits in general were classified as good substrate for

sterigmatocystin production by A. versicolor (Paul et 2l.,

1979) .

Aflatoxins pcecur in a variety of crops, meat, milk,
and eggs of animals fed on aflatoxin containing feed. They
also ogour in cereals, nuts as a major substrate for
aflatoxin production. The toxic effect of both toxins and
their occurrence in feeds and foods together with their
involvement in hepatoma and other diseases justify studies
which help revealing the degree of contaimination of such
toxins. In Jordan no work of this nature has been done &
a result it would be 2 very useful study to clarify any
problem, if there is any, concerning the contamination of
feedstuffs with these toxins and the presence of fungil
capatble of producing such toxins in these feeds. In this

study a&n attempt is presented to cover the following ¢

1. To have an idea abaout the major types of animal feeds
used in Jordan.
?. To determine the incidence and amounts of aflatoxins

and sterigmatocystin in these feedstuffs used commonly.
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The accurrence of aflatoxin producing fungl in some
fesdstuffs and their suitability for aflatoxin
production,

Finaslly to evaluate the situation concerning the use
of these animal feedstuffs and to be aware of any

problems involwved.
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LITERATURE REVIEW

Systemic study of the fungi during the last twenty
years, or sa, has resulted in the discovery of many new
varieties and species (Raper and Fennell, 1865). The

genus Asperpillus ceonsists of eighteen varieties and

one hundred and thirty two species (Heatheots and
Hihbert, 1978). Several of these species such as A,
flavus, A. niger, and A, fumigatus are animal and human
pathogens which are responsible for a number of diseases
collectively knouwn as Aspergillosis (Rsper and fFennell,
1965). A large numher of fungi, including the genus

Aspergillus, are capable of producing a large number of

primary and secondary metabolites (Heathcote and

Hibbert, 1978). Interest in the 1zolation and
characterization of secondary metabolites of micro-
organisms has increased rapidly cover the last few years, the
reagon being that the fungal contamination of feed and food
has been found to cause mycotoxicosis in both animal and
man {Goldblatt, 1969). Prior to 1960 very little was knoun
about the structure of the toxic metabolites, until some
alarming reports came from farms in the south east of
England. More than 100,000 Turkeys in these farms died in
the course of a few months fram an apparently new disease
that was primarily named : Turkey X" disease, because

this disease was not reported hefore (Blount, 1961},
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Similar reports appeared at the same time from Kenya and
Uganda indicating severe loss of ducklings from a similar
disease (Blount; 1961). Deaths on such scale, together with
their sericus economic implications, stimulated intensive
investigation by scientists in many countries. Eventually
the toxic metabolites responsible for the disease were

isclated and called "AFLATOXINS"™ as they are Aspergillus

flavus toxins (Heathcote and Hibbert, 1978). As a result
of the cantinuing snalysis aboui such metabolite aof

A, versicolor was characterized by Hatsuda and Keyama, 1962

and was found to be a derivative of difuranoxanthone.
Sterigmatoc etin is structurally related to aflatoxins, as
it is clear in Figure No. 1 (Bulobck, 1962). In 1972 Scott
et al., reported for the first time the presence of
sterigmatocystin (5t) in wheat and showed that this toxin
has great similarity to already known toxins. Extracts

from toxin-cantaining feed could be split into four main

components. Hartley et al., (1962) chromatographed these

extracts on thin layer silica gel plates and developed them in

a thloraform methanol mixture. Two of these compoe-

nents with RFf values of 0.4 and 0.36 fluoresced blue

under UV-light and Qere designated F’;FB,1 and QFBZ,
respectively, the two with slightly lower Rf values-of 0.34

and B.31 fluoresced turquoise-green under UVY-light and uwere
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designated AFG1 and RFGZ, respectively.

Some species of the genus Aspergillus produce aflatoxins

in the laboratory, but A. flavus and A. parasiticus are the

only aflatoxin producing fungi known to be associated with,
aflatoxin production in nature (Kulik and Holaday, 1967).

Sterigmatocystin has been isolated from A. versicolor,

A. rugulosus and Bipolaris sorokiniana (Scott gt al., 1972,

Hallantine et al., 1965). The most important group in
aflatoxin production is the A. flavus group. They are a part
of the s0il and eir microflora and occcur in living and dead
plants and animals and are capable of surviving under
variable climatic conditions (Raper and Fennell, 1965).

The fungl from which the sterigmstocystin has been isolated
are ubiquitous in nature (Raper and Fennell, 1965) and high
concentration of the toxins is produced on natural and

synthetlc substrates (Theil and Steyn, 1973). A. parasiticus

produces four types of aflatoxins B 2, E1 and 52
and mast isnlates WRere reported to he toxins prnducers.'

While A. flavus produce mainly 81 gand B with a ‘greater

2
possibility toc have non-producer strains if cbmpared with

A. parasiticus (Goldblatt, 1969). The mere presence of

moldiness is not, by itself; indicative of toxin
production, The natural occurrence of mycotoxins can be

described as such only when the initial inoculum by the
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mold spores and subhsequent mold development and toxin
production are a natural sequence of events (Heathcote
and Hibbert, 1978). The natural occurrence of mycotoxins
on natural substrates is controlled hy many factors,
Ong factor is the contaimated strain. A, parasiticus NRRL
2953 produces the four major types of aflatoxims, while A.

flavus link ex fries produces B1 and/or B, (Goldblatt, 1969).

2
A, tamari and A. gryzae, although producing some aflatoxins
on synthetic media, do not produce toxin on patural

gsubstrates (Goldblatt, 1969). '

The substrate is.annther factar in toxin production
Hesseltine et al., (1966) showed that the same mould, AR.
flavus NRRL 2999; produced different amounts of toxins on
different subatrates. It produced more aflatoxin on
peanut, rige, sorghum and soyhean than on wheat and corn,
while the strain A. Fflavus 3000 produced more aflatoxin
on wheat and corn. This proved that there is a kind of
"interaction" between the strain and the substrate,

(Goldblatt, 1968).

Mpisture is also a crucial factor for the growth and
toxin production of all fungiof the A. flavus group.
The optimal moisture content of substrate for aflatoxin

production is 18% and the minimal moisture content is 8%

211856
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(Ciegler, 1977). The optimal relative humidity for fungal
growth is 85% or greater and the lower relative humidity

for aflatoxin production cn peanuts is 83% (Diner & Davis,

13681} .

Aeratiaon influences aflatoxin production directly
(Ciegler et 2l., 1966). Cultivation of A. flavus on a

medium af groundnuts in an atmosphere depleted of Dz showed
that the production af aflatoxin was greatly reduced when
compared with controls grown in normal atmospheres
Significant decrease resulted when the 02 was reduced from
S to 1% (Heathoote, B Hibbért, 1978). Increasing the carbon
dioxide cencentration from B.03 (normal atmosphere) to 20%
resulted in decreasing the production of aflatoxin
(Heathcote & Hibbert, 1978).

The optimal temperature for aflatoxin production is
mold species dependent. A. flavus produced maximal amounts
of toxins in culture flasks at 25°C for 7-9 days. Increasing

the temperature to 307C resulted in decreasing the time to

5-7 days (Diener and Davis, 1966). A. parasiticus produced

maximum RFB1 at 30-35°C and maximum F\FG1 at 25-3008, however

large amcunts of total aflatoxin were produced at 25~30°C
during incubation per{ud of 7-15 days (Heathcote & Hibbert,

1978) ., The lowest temperature for aflatoxin production an
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peanuts by A. flavus was reported to be 13 ¥ 19C and the

upper limiting temperature was 41.5 Z 1,5% (Diner & Davis,
1967). Competition hetween fungi for the substrate

under favorable environmental conditions will restrict the
amount of aflatoxins formed (Goldhlatt; 1963). The
presence of aflatoxin B,1 orn the substrate inhibited the
growth of many fungal species including A. Fflavus and

Penicillium spp. (Lillehoj gt al., 1967a),

Animals that are consuming RFB1 in their feed secreat
a toxin in their milk called "Milk toxin Mq“a It was also .
isolated from their urine and their tissues (de long et 8l.,
1966). This M, toxin preoduced symptoms in ducklings
indistinguishable from those produced by known aflatoxins
(de Iong et al., 1966). Alsc when lactating rats are fed

on feed contaminated by HFB1 they transfer it to AFM, and

1
later it wass isolated from their livers (Butler and Clifford

)
1265). This toxin causes typical bile duct preliferation,
Tissue culture ﬁade from human liugr ctell was found to
transfer this AF8, to AFM, (Merril and Campell, 1974),

The i!-‘d-‘M,| toxin that is secreted with milk and urine

causes renal mecrosis in ducklings. It also causes

hepatocarcinoma in trouts and sarcoma in rats (Bodine

et al., 1977).
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Studies have shown that tissues fram sheep, swine, and
chicken which ingest aflatoxin-contaminated feed may contain
low levels of AFB,, AFBE, AFG,, and AFG2 ar their metabolized:
AFM

or AfM, forms (Brown gt al., 1973). In a study 8rouwn

1 2
et al., (1973) found that 24 sheep which were fed on aflatoxin-
caontaining cotton seed; HFB,l was present in all kidney and
liver samples. f—\FM1 was zxtracted from heart, liver, and
kidney. The secretion aof AFM1 in the milk increaseg the

danger to the sucking newborne lambs and to the consumers

of these sheep and thelr milk.

Sterigmatocystin was proved to be carcinogenic to rats
when administered by repeated subcutaneous injection
(Dickens et al., 1966) but the activity was 1/250 of that
of RF51 administered through the same route, Oral admini-
stration of the sterigmatocystin was also hepatocarcino-
genic to rat (Purchase & van der Watt, 1973) with a potency
greater than 1/10 of that of RFE’.1 given orally. Tumnrs
pther than hepatocellular carcinoma were also seen in
various organs, and generally spesking, in experimental
animals, males were found to be more susceptible than
females (Furchase and van der Watt, 1973). Histologically,
the tumors have marked resemblance to those occurring in
man in Africa (Purchase and van der Watt, 1973).
Sterigmatocystin in vevert monkey produced primarily
hepatic mecrosis, ales it was found to be carcinogenic to
Tainbow trouts (Hendrick, 1980). Papillomas and sguamous
tell carcinoma ware uhserueé when sterigmatccystin was

given to these animals subcutanzously (Hendrick, 1330) .
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A comparative study of the cytotoxic effect of sterigmatocy-
stin and HFB1 an nuclenlar morphology, mitosis and DNA
synthesis of primary cell culture showed that both caused
nucleclar changes ancd inhibition of mitosis. GSterigmato-
" cystin was more effective than aFlétuxin 81 in this regard
(Engelhreﬁht and Altenkirk, 1972). The incidence and leve}s
of aflatoxin contaminations very markedly from one region
to another. It seems that aflatoxin contamination is a
problem for tropical and seml-tropical areaﬁ (Goldblatt,
1969) as would be expected from the temperature preference
nf the producing moulds., The strong carcinogenic effect of
aflatoxins to man and animals pushed many countries to
adopt control measures to reduce toxin contamination, Many
countries established labnratories near the sea-ports to
SIS AR imported feed and food that could be 8 puitable

suhstrate for toxin production (Danesh et al., 1979).

Several studizs have been conducted an a number of feed
and foodstuffs in many countries like U.S.A {(Hesseliine,
1975) Canada (Funnell et =l., 1979), Australia (Bryden

t al., 1980), India (Goldhlatt, 1969), Tunisia (Boutriff

b re——

et al,, 1977), Irag (Al Adil

— ——

(Jarrar, 1980).

t al., 1976) and Jordan.
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Corn is consumed in large scales as feedstuff for
poultry, and cnﬁso It is a diet where aflataoxins are
likely to be found (Heafhcute & Hibbert, 1978). A.
flavus group was isolated fram many teéted samples. It
was isolated from 1276 out of 1283 samples tested for this
purpose (Hesseltine, 1975). The occurrenge of toxin
producers in the Tield before harvest has heen‘recarded

1

(Hesseltine et al., 1976 and Mahasneh et al., 1980).
Infection rates of 0,02-0.09% among corn kernels before
warvest was reported by Tuite, (1961) and also ather
studies showed similar results (Tuite and Caldwell, 1971,
Romb gt al., 1974). Two hundred ninety seven carn samples
were collected at harvest from seven counties in north-
eastern South Earalina and dried to less than 13% moisture
content as guickly as possible and tested for aflatoxin.
One hundred fifty two were positive for aflatoxins, one

hundred twenty of them showed one or more kernels inter-

nelly infected with A. flavus, and 59 samples of the 45

negative samples showed infection by A. flavus. This study

showed alsp that in 247 put of 375 insects, collected from
corn; A. flavus was present, (Goldblatt, 1969). A
preharvest sampling of corn at varicus locations in the
U.5.A showed AFB, to exceed 20 ng/gm (20 ppb) at 3 of 13
(23%) locations in 1972, four of fifteen (27%) in 1973

and eleven of twenty one (52%) in 1974 (Zubber, 1976) .

s
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It is now widely accepted that improper storage of feed
leads to the invasion of the A. flavus, and if canditions
are suitable, aflatoxins will be produced on corne Until

1976, AFM, had not been repcrted to occur naturally in corn,

1
in fact, the only commcdities, other than milk in which
HFM1 had begn detected, were peanuts and pistachicnuts
but in 1976 it was reported the occurrence of M1 in 42 lots of

corn from severasl sources (Heathcote & Hibbert, 1978).

Contamination of cotton-seed, a universal feedstuff,
by AF is a world wide phenomenon. Contamipation was found
to be associated with poor agricultural practices and insect
damage which results in ball rat caused by A. flavus under
high temperature and relative humidity. The incidence of
contaminatian in affected areas can reach 80-100% of the
total crop harvested (Stolloff, 1977). Soybeans appears not
to be a good substrate for aflatoxin production and are alsao
resistant to invasion by A. flavus. 01l seeds in general,
support the production of aflatoxin less than the high
carbohydrate substrates (rice, wheat). This probably
because the vil seeds contain large percentage of oils
that are not immediately metabolized by A. flavus
(Goldblatt, 1969), Aflatoxins were found to occur on
snybean a8t low levels (7-16 ppbk) only in two out of 1046

samples collected from different regions of U.S.A
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(Shotwell et al., 1978). Hesseltine et al., (1966)

presented data showing that the amount of aflatoxin

nroduced nn soybean were 50-90% of the amount produced on
corn, rice and wheat. OHarley, and othgr small grains, like
nat and wheat; do not seem to be 2 signifieant natural source
of aflatoxin (Ciegler, 1977), =still the toxin was detected

at biologically significant levels in some samples of barly,

sesame, sorghum and cowpzas (Goldhaltt, 1969).

Alfalfa failed %e show the presaznce of aflatoxin
(Hesseltine, 1568). Hesseltine (1968) pointed out the
diFFicultiea of utilizing alfalfa as substrate for the

production of aflatoxins. GSmally et al., (1972) suggestead

that the problem of aflatoxin aNalysis might not be caused by
the alfalfa itself, but by the various fungal parasites or
contaminants and their metabolites preserved on the hay when
cut or during fermentation., A survey done by Smally

et al., (1972) an alfalfa hay from different imcalities

in Wisconsin, U.S5.A; showed that 9% of 87 hay samples testad

contained no culturally detectnable A. flaevus 56% contained

a small, but detectable A. flavus group, 18% maderate A.

fiavus components and 16% contained A, flavus as a major micro- _

floral component. A. fumigatus was the fungus. most
frequently isolated from all sampgles in that survey. Tuwo

hundred thirty eight isolatss of the A. flavus group

-All Rights Reserved - Library of University of Jordan - Center of Thesis Deposif
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were obtained from sll the samples. Forty seven (20%)

produced small to large amounts of AF81, few produced AFB

2
or HFG1 but nan produced RF52, Maximum AFB, production on
inoculated hay occurred at 24-30% moisture and 16-2&08,

although mold development was greatest at 30-40% moisture

content.

In a survey done by Bryden et al., (1980) in Australia,
QFB1 was detected in 23 cut of 55 samples of different
feedstuffs. The concentretion reached up-to 0.7 mg/kg hut
the mean was 0,14 mg/kg. Eleven feedsiuf® were associnted
with field cutbreaks of animal disease and the toxin uwas
detected in seven of these animals. In Canada, Funnell
et al., (1979) reported that 2022 samples af animzl feed-
stuff were tested for mycotoxins during the period 49572-
1977. Two hundred seventy seven samples of them (13.7%)
were found to0 have one or more mycotoxin (aflatoxin,
sterigmatocystin, ochratoxin...es¢)., The amount of
aflatoxine was low and sterigmatocystin was absent. Another
study done on animal feedstuff by Afzal et al., (1979)
including rice, corn grein, corngluteen feed, cotton seeds,
Besame o0il cake, and wheet bran. The incidence of
aflatoxin was in 60% in hbreoken rice, 25% eorn grain, 25%
corn gluteen feed, and 23% in cotton-esed emke, but no

aflatoxin wes found in rice polish, sesame ar wheat bran.
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Damaged samples revealad a much higher incidence (50%) as
compared to undamaged ones (7.5%). Cultural examination
of aflatoxin-positive feedstuff yielded 39 isolates of funci.

Twenty one of these were Aspargillus isclates, of which only

one (L4.7%) was toxin producer when testad on suitable

synthetic medium and it was identified as A. parasiticus.

In Japan, A, flavus and A. versicolor with other fungil

were found in almost all samples of mixed fead tested, these

included barly, curn, soybean, alfalfa and fish meat

(Takatori et al., 19080). Eight out of thirty one (25.8%97":0

af A. flavus isplated were aflatoxin producers 11/19

(or 57.9%) of A. versicolor isolates were sterigmatocystin

producers.(Takatori et al., 1980).

R. versicolor was isolated from herbal drugs (Horie

2 l., 1979) and produced, naturally; sterigmatocystin an

nine samplas out of 39 cgheese samples at concentratiomm
varying from five vo 600 pn/kg (Northolt et al., 1980).

The growth of Aspergillus flavus group and aflatoxin

production can be inhibited or decreased by asing certain
compounds such as insecticides like Dichlaorovas at 100 ppm
inhibited up tn 90% the pruduction on synrthetic medium

(Achmnody and Chiplay, 1878); Citrus 0il was found to
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inhibit to a certain degree fungal growth and aflatoxin
production, alsc dimethyl sulfoxide inhibits AF production
drastically but a high concentration was needed (Achmocody
and Chipley, 1978). Sodium acetate was found te inhibit the

production of aflatoxin by A. parasiticus 2599. P-amino-

benzoic acid, potassium sulfite and potassium fluoride have
the ability to inhibit aflatoxin production to 2 high deorse
(Achmoody and Chipley, 1973). Barlum at the one-ppm level
completely inhibited aflatoxin production with no effect

on mycelial growth (Achmoody and Chipley, 1978). WNatural

imhibitors of RAspergillus flavus link ex friss fram

legumes have been characterized. For example, the presence
of phytic acid in soybeans prevented heavy aflatoxin
contamination of this important feedstuff. Smoking of
natural and synthetic substrates resulted in significant

reduction in toxin production by A, parasiticus NRR 29599

under a variety of cultural conditions (Achmoody and

Chipley, 1978).

Metabolic inhibitors such as N, N-dicyclohexylcarbﬁ-
diimide and sodium azide lowered markedly the amount of
toxins in the broth medium with no effect on mycelial
growth, However mycelial extracts from cultures iﬁcubated
in the presence of these metabolic inhibitors contained
higher amounts of eflatoxins than did extracts from

cantrols (Achmoody and Chipley, 1978).
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Aim of the Proiect

The foregoing review showed that the contamination
of feedstuffs is a potential problem in all Enqntries,
speclally those which import most of the feedstuff from
tropical countries like India, Uganda and from countries
where contamination by mycotoxin is an epidemic problem
like U.5.A and Philippines., Since Jordan is no
exception, this study was done toc investigate the
following
b To have an idea about the meajor types of animal

feed used in Jordan.

2o To determine the incidence and amount of aflatoxins
and sterigmatocystin in some feedstuffs.
S Ton study occurrence of aflatoxin producing

fungl in these feedstuffs.

b To test the suitability of some feedstuffs as
substrate for the production of aflatoxin.

5 78 To present an putloock on the situation cnncérning
the use of these animal feedstuffs and to be auare

of any problem involved.
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Fig.l." Structures of aflatoxins incriminated
| in food & feed contamination .

Sterigmatocystin
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Materials and Methods

Collection of Samples

Samples were collected during the period of
February 1980 to March 1981 fraom different farms in
Jordan. These included : Amman, S5alt, Irbid, Azrag,
Madaba, Karak, Bhlail, Jordan Valley, Mafrag, Jerash
and Ajloun districts (Fig. 2). The samples uwerTe
Corn, soybean, barley, alfalfa, bran, poultry concen-
trate, mixed poultry feed, mixed cow feed, poultry
pellets and lentils. Sample weight was ranging betwsen
100 g and 1000 g. Sterile polyethelene bags were used
to collect the samples from the farms and bring them to
the laborstory. Each of these samples was used for
toxin extraction as explained in the Figures below and for
microbinlogical analysis, namely : isolation of sflatoxin
producing fungi.

Isplation of aflatoxin producing fungi :

Samples were examined for the presence of aflatoxin
producing fungi by two methods :

1 By culturing 0.8-1.0 gm of each sample an the surface
af Czapek agar or Potatoes-dextrose agar (PDR). (as
suggested by Prof, R, Natour)

2. By serial dilution of the samples.

1.1 ml of the suitable dilution was plated on Czapek

agar or PDA agar plates. 3.4 plates were used

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



4 ’/’.
| /_/‘\'_
SYRIA 7N
/// \gl
A
-7 \ OO
" \
e \
-"""h-‘/ \
w®MAFRAG ).
™ e kN W
T “eZiroa : L
*om AMMAN -
f“SALT ./'d'"‘.
X L
AN
.-( \\ -\?—
KARAK N Q@
/ , \.. v.
, / ;i @
. % Z X
! e MAAN s .
/ 9
1 - | JUIPE (.
. 4
f; ¥ (’) ;
éAQABA /o -
Z 7/
A~ /
(== Se—- ./

Fig.(2) _ Map of Jordan showing farming
 areas included in the study (#) .

All Righfs Reserved - Library of University of Jordan - Center of Thesié Deposit



“99.

for =ach sample. Then plates were incubated at 286210
for 3-10 days. Fungal colonies, yellow to light green

colors, suspected to be Asperpillus flavus group isclates,

were transferred to Czapek agar plates. These pure
igplates were slanted on screw cap tubes or small vials
and then incubated for 7-10 days at 2821°C until
aporulation. Each isolate was examined microscopically

to see the characteristic conidiophore, conidium, and
conidiospores. Finally representative iasplates were sent
to the Commonwealth Mycological Institute (Kew, England)
to confirm our indentification and to determine the strain

of the ispnlate.

Aflatoxin Production by thg suspected isnlates :

Spores of each isolate were harvested frocm the
screw-cap tubes by adding 1 ml of sterile distilled water
to the culture and the slant was rotated for few minutes.
Epnre suspension (Ca 107 spares/ml) was themn poured into=s
250 ml Erlenmeyer flask containing 100 ml nof sterile
laboratory aflatoxin producing medium of Salhab and
Edwards (1976). The medium was incubated at 28%1°¢
in an arhital incubator running at 200 rpm for 5-9 days.
Two laboratory sflatoxin~-producing media were used tn

study the ability of the isanlated fungi for productian
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nf aflatoxins. The one above and @ medium described

by Reddy et al., (1979). The first medium (Salhab and
Edwards, 1976) is composed of (per liter of distilled
water)

Glucose ) 50

sl

Ammonium sulfate (NHh)ngh

Dihydrogen potasium phosphate (HHQPDh) 10
Magnesium sulfate (Mg30,. THZD) 2
Ammonium molybdate (NHh)EMDZQhHZD) « BB
Ferric sulfate (LBZ(SDh)B' 6H2D) 0.3
Copper sulfate (EUSUho SHZD) T 0.3
Zinc sulfate (ZnEUh 7HZD) 2.96
Aoric acid (H3 EDS) | 1.0
Manganese chloride (MnClz) 0.4

The medium was autoclaved at 12105 and 15 PSI for
15 minutes before inocculation. The other medium that

was used is the one described by Reddy et al., (1977).

grams

"

gm

mg

This culture medium is composed of (per liter of distilled

water) :
Sucrose 85
Asparagin 10
Ammanium sulfate 4uh
Potassium dihydrogen phosphate 10
MgSD,, . 7H20 0

grams

il
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BaCl20 ZHZD 10 grams
ZnS0, . 7H,0 | 1w
MnBlz. thﬂ 5 mg
Feso, . 7H,0 10
Ammonium molybdate QHZD 2

The medium was autoclaved at 15 PSI far 15 minutes.

Fermentation

One hundred ml of the suitable medium in 250 ml flasks

was inoculated with 1 ml of spore suspension and incubated

for 5-9 days in an orbital incubator running at 2821°C and

200 rpm. At the end of the incubaticn pericd, a consi-

derable mycelial growth was obtaired.

Aflatoxin extraction from the culture

Aflatoxins were extracted from the broth medium by
adding an equal volume of chloroform (100 ml). The flask
contents were then hlended by Waring blender at high
speed for 3~4 minutwe and filtered through three layers
of cheese cloth., The extracticn was carried out in a
éeparatnry funnel. The chloroform extracts (the lower
layers) were pooled, concentrated under vacuum with
flash evaparator at 40°C and then evaporated to dryness

under a nitrogen stream at room temperature. The
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residue was dissolved in 1 ﬁl of chloroform for the
purpose of pﬁri?icatinn—isnlatinn and identification of
the toxins. Fig. 3 shows the scheme followed to study

the aflatoxin production by fungal isolates.

Aflatoxin extraction from feed samples

In the first part of the study, the toxins were
extracted from the samples by two methods depending on the

nature of the sample. The two methods ueed were :

I. Method IT (BF metbod) (ADAC, 26,02, 1975).
2. G5pitz and Mohr Method (5M Method) : as described

by Seitz and Mohr, 1972,

Methaod I1 (BF Method) (ADAC, 1975)

One hundred grams of the feed sample were added to
200 ml methanol water (55:45 v/v), 100 ml hexane and 4 gm
of NaCl. This mixture was blended with a blender for
sbout one minute at high speed. The homogenate was
then centrifuged at 3000 rpm for 5 minutes. The
supernatant was poured into a 125 ml separatory funnel
and left for 10 minutes after which the aguecus methanol’

phase (at the bottom) was drained and an equal valume of
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Sample 100 gm
. MeDH: UWater (55:45 v/v) 200 ™l

| n-Hexane 100 ml

i NaCl L4 gm

Blending at high speed for one minute and centrifuged

at 3000 rpm for 5 minutes and poured into separatory

funnel

Shake

Shake

Prain
layer

the metha

the mixtu

the lower .

only

w e oo Aehpxane layer (discard)

nol : water layer for two minutes

i

|

r add equal volume af
i chloroform

{
[

re far 1-2 minutes (sevaral vents)

Ehloraform
!
!

Evaporatian

|
Eleaﬁ up

TLCEC

Fig. & : The "BF" Method
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chloroform was added to this phase. This mixture
was poured again'intn?clean gseparatory funnel and
shaken for 30-60 seccnds; then left for 15 minutes
to separate completely in two layers. The bottom
layer (chlorofurm) was drained into a flask and
gried by rotary evaporator at 40-45°¢, The residue
was redissolved in 1-2 ml chloroform, poured into s
5 ml vial and stored in the freezer for further work

such as cleaning up, isolation and identification of

aflataxin. Fig. 4 shows the scheme of the BF method.

Seitz and Mohy Method

This method is recommended mainly for corn aamples;
Fifty gm of the feed samples and 100 ml methanol-
water (75:25 v/v) were hlended with waring blendor at
high speed for two minutes. The mixture uas centri-
fuged at 3000-rpm for three minutes. The methanol-
water was poured into a separstory funnel to which a
double volume (2:1 v/v) of 20% ammonium sulfate
solution, and a volume of hexane, equal to the methanol-
water volume; was added. The separatary funnel was
stnppergd and shaken for 60 seconds then left for
15 minutes, after which the hexane layer (upper layer)

was drawn off. Twenty ml of methylene chlnfide were
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Fig. 5 P Protocol of SM metho
}

50 grams of feed sample‘

I
!
l_"—mﬂﬂ—— MeOH : water (75:25 v/v)
i 100 m1

Blending at high speed for two minutes

|
{

Centrifuge at 3000 rpm for three minutes

;
i
!
i

Methanol-~water mixture

-20% Ammonium acetate
(double volume)

,
:
|
!
r
I
i
:

n-hexane g
(equal volume)

Shaken for two minutes and
kept to settle for 10 minutes

D U e

n-hexane layer (discarded) aquenué layer

. 20 m) of methy-
‘ lene echloride

Shake for two min

{
ag-layer . Methylene chlaride

10 ml methylene chloridei
' |
Shaken ?nd kept for 10 min,

i !
aq. layer (discarded) methylene chloride

- e 4 ‘t
Evaporation Ponled methylene chloride

TLEC
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added to the separatory funnel, shaken well and kapt
to settle dawn for 10 minutes, after which the methylene
chloride (lower layer) was drained into a 50 ml flask.
Another 10 ml of methylene chloride was added to the
funnel, shaken well and left to settle for 10 minutes.
The methylene chloride was drained into the flask containing
the first portion, the pooled methylene chloride was
avaporated to dryness under a stream of NZ and after
gvaporation the residug was redissolved in 0.5 ml of
chloroform to be spotted on thin layer chromatography
plates, This methed is gquicker, easier, less expensive
than the official method used by the AOAC for aflatoxin
extraction from corm and shows similar results. The

gscheme is given in fig. 5.

Extraction of aflatoxins and sterigmatocystin from feed

samplgg_:

The two folliowing methods were recommended For
extracting aflatoxins and sterigmatocystin at the same

time, both methods were employed in this studys

Method T
This method was adopted by Salhab et al., (1976)
from the procedure outlined by Stack and Rodricks. The

extraction was made from 50 grams of feed sample by
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blending it with 208 ml of acetonitrile-4% KC1l solution
(9:1 v/v) for 1-2 minutes at high speed and then kept to
settle for a few minutes. One hundred ml of the upper
phase (acetonitrile-water) was drawn and extracted with
50 ml hexane by separatory funnel. After that 50 ml of
chloroform and 25 ml of dist. HEU were added to aceto-
nitrile layer and shaken well for one minute, kept to
settle and separate into two phases. The acetonitrile=~
chloroform layer (lower layer) was drained intoc a flask
and 25 ml of chloroform was 2dded to the agueous phase in
the funnel, shaken well and kept to separate., The

lower layer {(chloroform) wzs drained to the previous
flask, pooled and evaporated to dryness. The residue

was redissoclved in 1 ml of Benzene-acetonitrile mixture
(98:2 v/v) and kept in a small'uial for further analysis.

Fig. 6 shows the scheme of this procedure.

Method II

This method was developed from procedures used
earlier to extract aflatoxins from contaminated rice
by Salhab et al., (1976). 1In thls method 50 g of feed
sample was mixed with 250 ml methanol chloroform |
(3:17 v/v) and this mixture was blended for two minutces
at high speed and then filtered. The residual grain was

blended =zgain with 250 ml methanol : chloroform (3:17

v/v) for one minute, the filtrate was pooled and
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Method I (Stack & Rodricks, 1976)

Feed sample 50 Q.

Extract with 200 ml asceto-~
nitrile-u%. KC1 (9+1)

]'_ n & . l -
regidue GEEtDnltrllE-HZD phase,
extract 100 portian with
50 ml

hexane {(2x)

e

r |
hexane phase acetunitrile-HzD phase

aqueaus phase

wash with 25 ml

chlaoroform
r a |
agquenus phase EHBl3 phase-——pacetunitrile—CHBl3
phases ponled & evaporated
to dryness.
Fig. 6 : Scheme of Method I for extration of aflatoxin

and sterigmatocystin from feed sampless
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Method II
Feed sample 50 grams
extract (2x) with 250 ml MeOH-
l EHCl3 {3+17)
' - 1
residue MeUH—EHCl3}phase
i 1. evap. to dryness _
! 2. Digsolve in 50 ml MeOH-
HZD (19+1)
]
' 3, Extract with 50 ml
hexane (2x)
T T ' |
hexane phase MeOH -~ H,O

2

1. Add 40 ml HZD

2. Extract with 50 ml
| CHC1, (3x)

aquenﬁs phase CHClj—MéUH phase

gevap. to dryness.

Fig. 7 : Scheme of Method 11 for extraction of
aflatoxins and sterigmatocystin from

feed samples.

All Rights Reserved . Library of University of Jordan - Center of Thesis Deposit



2Bl

svaporated ta dryness. The residue was dissolved in 50
ml methanol-uater (1?+1) and 50 mi portions of hexane
were subsequently used to defat the extract. Forty ml
distilled water was added tn the methanol phase and this

was extracted twoc times with 50 m)l chloroform. Chloro-

form extracts were pooled and svaporated to dryness. The

residue was dissolved in cne ml of benzene-acetonitrile
(98+2) and kept for further analysis. Fig. 7 shows the

gacheme of this procedure.

Thin layer chromatography for separation and identifi-

cation of aflatoxins and sterigmatoccystin

Silica Bel nr, Adsnrbil~1; was spread on 20x20 cm
nlates at a thickness of 0.25 mm. The plates were
dried at laboratory conditions for 15 minutes and then
activated at 105°C for one hour. The Plates were used
directly after cooling or stored in the desicecator.for
later use. Aliguntes ( 100 pl) of the sample extract
dissolved in chloroform or benzene-acetonitrile were
applied as a spot approximately 3 cm from the botten of
the plate. The spotted TLC plates were first deueluped'
with diethylether and then with either chloroform-
acetone (9:1 v/v), if only aflatoxins were suspecied;

or with “tpluene-ethylacetate-acetone (3+2+1), if
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only aflatoxins were suspected; or with taluene-
ethylacetate-acetane (3+2+1), if aflatoxins and
sterigmatocystin are suspected. This provides a
.relatiuely pure aflatoxin and sterigmatocystin
preparation, as most of the contaminating pigments

were carried close to the solvent front by the diethyl
ether, while the toxins migrate with the second sclvent,
Aflatoxins and sterigmatocystin were identified on the
basis of comigration with standard toxins and by their
characteristic colors under long UV=light. To confirm
the identity of sterigmatocystin, the plate was sprayed
by 4% KCl in absolute methanol, the color of sterig-
matocystin turns from brick-red fluorescence to yellowish
(yellow-green) color. For the purification of the whale
nrganic extract, one ml of chloroform or benzen-aceto-
nitrile (98+2) was streaked aon plates and developed with
the solvent systems as described atmu.eo The Fluuresceﬁt
aflatoxins bands were scraped aoff and extractea from the
silica by chloroform. Small amounts of the scraped
pouwders werg resuspended in 2-2 ml of absclute methanol
for spectpphotometric scanning. The screaning was
recorded from 200 to 400 nm using Hitachi 200 spectro-
photometer. The specira were compared to that of the

standard aflatoxin.
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Determination of the aflatoxin concentration :

The concentration of aflatoxins was determined
by measuring the zbsorbance of the extract at a wave
length of 360 nm. The concentration was calculated
according to the following equation (AOAC,26.009;

Masri, et al., 1968)

ugm aflatoxin/ml = RXMNE1DUXEF
CF = Correction factor {(dependant on the spectro-

photometer used)

Mii = Mplecular uweight of aflatoxin

A = Absorbance

E = Mplar absorption (nFﬂq, 19,800, 82 20,900,
G, 18,200)

Suitzbility test for aflatoxin producticn @ |

Some feedstuffs used freguently in Jordan, were

tested for their suitability as substrates for aflatoxin

production., These feed samples were : poultry cancen-
trate, bran, poultry pellets and lentils. Corn was
used as controel. The method used for this purpose was

t al., 1966,

developed by Shotuwell
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Culture and inoculum :

Aspergiilus paragiticus NRRL 2999, is one of the

best known aflatoxin-producing fungi. Fresh slants were
prepared from the stored strain, ingubated at 2Bf19C for
7-10 days (until spnruiatiun). Spores were harvested

by adding 5 ml of sterilised distilled water, slants

were shaken to give a uniform suspension of spores. One

7

1]
©

ml suspension containing about 10° spores/ml w-oe

to inoculate 50 grams of the substrate,

Fermentation :

Fifty grams of the feed samples were added ta 25 ml
distilled water in 500 ml Erlenmeyer flask., The miv*

wes shaken for two hours, then autoclaved ar- «ulated

with sbout 107 spores of A. parasiticu ..nlL 2999,

The flasks were allowed .o stand for one hour, then
placed in an orhital incubator running at ZBDC and 200
rpm, The flasks uwere watched daily, ana amall amounts
of sterile distilled water were atdded at different

times to prevent clumping. The flasks were cccasionally
removed from the shaker and shaken vigorously by Sand
whenever clumping was observed. The growth of “ur-

was observed by naked eyes. At the time of harvest,
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after B8-12 days; chloroform was added (150-200 ml) to
the culture and it was kept in the refrigerator to be’

analyzed within 36-48 hour,

Assay Procedure

The sample with cloraoform was blended for five
minutes at high speed. The mixture was centrifuged for
10 minutes =%t 2,000 rpm and filtered into a separatnry
funnel. The chloroform layer was passed through
anhydrous sodium sulfate to remove traces of water,
The filtrate was evaporated to dryness as described
parlier and the residue was dissolved in 2 ml chloroform
far further purification and guantitation. The scheme
of the Shotwell-procedure used for this purpose is

presented in Fig. 8.

Canfirmatory tests for aflatoxins

To confirm the identification of the isolated
toxin, A portion of it was treated separatelyuwith
trifluoroacetic acid and scetic thionylchloride.
Aligquaots of the reaction product, together with

standard i‘-\FB1 and AFA, treated similarly; were spotted

2
on TLC. After development of the plate, the Rfs of

the spots were compared under ultra-violet light.
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Moisture content determination

The moisture content of the sample was determined
by drying 10 gms of the semples at 90°C for 48 hr.
(A1-Adil et al.,1976).
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Food sample (50 grams)

25 ml distilled water with freguent shaking for 2 houra.

Rutoclaving

Fungal spores incculation

Incubation (28217C) for 8-12 days with

continugus shaking

Dheservation of fungal growth by naked eyes

Addition of chloroform

Blending and taking the chloroform layer

|

Evaporating tn'dryness

Dissnolve the residue in 2 ml chlaroform and keeping it for

further purification and identification of suspected aflatoxins.

Fig. B8 ¢ Scheme used to determinme the suitability of certain

substrate for aflatoxin production.
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RESULTS

Occurrence of aflatoxins, sterigmatccystin and their

levels of feed samples

Six hundred and six samples of feedstuffs were
collected from different farms in Jordan as indicated
in Fig. 2. All these samples were tested for the
presence of aflatoxin, 301 samples were tested for
sterigmatocystin and 575 samples were 2lso .cultured

to leolate-Aspergillus flavus group fungi. These

samples, as shown in Tables 1 & 2; were ¢ 971 corn
samples, 94 soybean, 83 poultry concentrate, 105 mixecw
poultry feed (this is a mixture of caorn, saybean,
poultry concentrate extracted from organic sources likr
fish, with some salts and sometimes some essential
amingacids are added), 23 mixed cow feed (this is a
mixéufé‘aflﬁarleg; ;ﬁvﬁéén,-brﬁn aﬁdlséme éalt;),-hﬁ
hran;-uééé'ﬁéiﬁiy és cow feed and in some poultry farn:
66 harley, (used as cows and sheep feed), 37 poultoy
pellets; this is given to poultry after a certa;n ape
(40-~45 days), and is similar iﬁ its constituents ta
the finge mized puu}try feed, 13 lentil found in 7ouw

cows and poultry farms, used at bhoi weather, and L2

alfalfa from cow farms in Deir-alla farming center,
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Wadi #1 Phlail farming center, and from Jahri-cous farm

in Russayfeh.

Dnly one corn sample out of 91 (1,1%) was found
to contain naturally AFB, and AFB,. All gther samplee

were free from aflatoxins and sterigmatccystin,

Moisture content determination :

The molsture content nf the different samples was

found as liated in Table 3.

Although the moisture content in all the samples
was less than the optimal moisture content (18%)
(Ciegler, 1977) for aflateoxin production. It still was
higher than the minimal moisture caontent reguired for

aflatoxin production (10%) (0'Brien, 1976).

Contamination of feed with Aflatoxin-Producing Fungi :

The présence of aflataxins in the tested samples
was very low (0.76%). Meanwhile the fungal isolates
Gflﬂ. flavus group, which were suspected toc produce
toxins; were detected in 41.4% of the samples tested

(Table 4),. These isolates were tested for aflatoxin
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Table 1. : Number of different feed samples for

aflatoxin (AF), sterigmatocystin (S5t),

and A. flavus group fungi.

Feedstuff No. of samples No. of No. of
tested for eamples samples testec .
aflatoxin tepted. - for A. flavus
for-a%e- group
rigmeto-
cystin
Corn 91 L6 88
Soybean - 94 LB 50
Poultry concen-
trate 83 38 75
Mixed poultry feed 105 51 104
Mixed cow feed 29 13 27
Bran Le Py Ly
Barley 66 30 &6
Poultry pellets 37 15 C33
Lentil 13 a8 11
Alfalfa L2 13 37
Total 606 301 575
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Description of feed samples collected and the frequency of its

use as animal feed .

Tyse of feed No. of Frequency of Description RARnimals feeding on
used samples its use such feed
included in
the study
Corn 91 very fregque- Intact or homogenized good guality, Poultry, occasionall
ntly no damage. ' Cows .
Soybesn 94 -ditto- Homogenized, no visible Poultry, and cous
contamination.
Poultry con- 83 Frequently Mixture of organic materials Poulkry
centrate dark brown color, homogenized
Mostley fish.
Mixed pcultry 105 very fre- Mixture of carn, soybean, Poultry
feed quently concentrate, prepared in the
farm or gftenly in the factories
Mixed ccw feed 29 frequently Mixture of barley soybean and Cows & sheep
bran.
Bran L& sometimes Good guality, no contaminants, Cows & some poultry
from wheat
Barley 66 very fre- Good guality, no damage, given Couws
quently homogenized
Joultry pellets 37 Npt common Composed of corn, soyhean, Poultry
concentrate, corse
Lentil 13 Rarely Poor guality, red color crushed Poultry & cows
Alfalfa L2 frequently Varies from wet green to dry Couws

yellow, tightly packed
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production on synthetic media. Only 22 (9.2%) of the
suspected isolates were found te be producers for one

or more of the aflatoxins (Table 5). ‘These aflatoxigenin
isolates were present with varying proportions in all
types of feed tested with the exception of lentil and
spybean (which were found to he free from aflatoxigenic
isalates). The highest ocecurrence of aflatoxigenic
isolates was found in mixed cow feed and bran (13.3%),
this is probably due te the fact that such feed provides
a better growth media far the fungal spores. The lowest
pccurrence was in poultry concentrate and harley (6.6%),
while other samples were as follows (Table 5) : Corn
(9.4%), mixed poultry feed (10.1%), paultry pellets
(12.5%) and in slfalfa (11.1%). The isolates were

found to produce one or more types of AF (Table 6).
Representative isnlates of the fungi were sent to the
Common-weslth Mycological Institute (CMI) in Kew

(England) for further identification. The results

indicated that isclates were Aspergillus flavus 1ink

ex fries, Agpergillus parasiticus spear which are the

natural aflatoxin producers in food and Feedstuffé
(Goldblatt, 1969). Qther isolates were identified also

as Aspergillus tamari and this strain produced AFB. on

2
laboratory medium, and as Aspergillus oryzae and this

isolaté produced nF81. These two isdlates, A. tamari

and A. oryzee; are not known to he natural aflatoxin
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Table 3. Mpisture content of feed samples

Feed sample . No. of Mpisture content
' *? gamples . (%)

" testéd "+ > T~ -Range - Mean
Corn 63 11.0 11.9 11.6 7
Soybean 69 11,1 12.2 11.6
Poultry concentrate 58 10.8 1.4 11.0
Mixed poultry feed 93 0.6 2.1 1.7
Mixed cow feed 23 11.2 12.2 11.9
Wheat bran 37 13.4 16,7 15.0
Poultry pellets 34 1.6 12.8 11,8
Lentil 9 10.7 12.5 11.9°
Rlfalfa 27 10.8 163.7 15.0
Barley 55 12,0 13,20 12.8
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Table 4. : Numher and percentage of suspected A. fisvus

isolates from each type of feed

-

Feedstuff No. of Npr, of % ¢f suspected

samples suspected isnlates

cultured isolates
Eorn \ B8 53 60,2
Soybean 90 11 12.2
Poultry concentrate 75 15 20.0
Mixed Poultry '‘feed 104 69 66.3
Mixed cow feed 27 15 555
Wheat bran Li 15 34,0
garley 66 30 L5.4
Poultry pellets 33 8 24,2
Lentil 11 4 36.3
Rlfalfa 37 18 48,6
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Table 5 : Number of suspected isolates and the

percentage nf those capsble of producing

aflatoxin under laboratory cenditions

Feedstuff No. of No. of toxi- % of toxi-
suspected genic genic
isolates isolates isolates

Caorn 53 5 N

Soybean 11 8 0.0

Poultry concentrate 15 1 6.6

Mixed poultry feed 6BS 7 10.1

Mixed cow feed 15 2 13.3

dran 15 2 13.3

Barley 30 2 B.E

Poultry pellets 8 1 12.5

Lentil b g a.gd

Alfalfa 18 2 11,1

Total 238 22 92
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Table 6 : "Types of toxins produced by isolates from

different feed samples

Feedstuff

No, of

toxigenic

isclates
Corn ' g*
R A..-!ll;
Poultry concentrate 1
Mixed poultry feed 7
Mixed cow feed 2
Bran 2
Barley 2
Poultry pellete 1
Alfalfa 2

22

Types nof

toxing

produced

No. of producer
isolates
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producers in natural substrate but implicated in

aflatoxin production under labaratory conditions,

The suitahility of some feedstuffs for aflatoxin

production under laboratory conditions

Most of the feedstuff samples used in Jordan are
imported and used internationally. Mest of them have
been tested for aflatoxin prnducpion in other laborato-
ries (Goldblatt, 1969). However, some feedstuff, like
poultry concentrate, poultry pellet, wheat bran and

lzntil were tested as presented in Tables 7 & 8.
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Tahle 7 : Suitability of few feedstuffs for

aflatoxin production

Fdndstuff Fungal growth Aflatoxin praducticn
Poultry concentrate +4 Positive
Poultry pellets +++, 5* "o

Eran ++ "

Lentil ++ \.“

. o e e )
§ = Heavy sporulation
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Table 8 Amounts and types of aflatoxins produced
by A. parasiticus NRRL 2999 inoculated
.t tao cerisin feedastuffs
Feedstuff Aflatoxin types & concentration pg/ogm

substrate

———

Poultry concen-
trate

Poultry pellets
Aran
Lentil

£
Carn

ﬂFE1 v“DEBE '.ﬁFﬁq."u QFEZ
18 5 To bk -
b3 11 & Dab
34 9 P55 -
18 o5 6.5 -
70 11 7 1

* [Corn was used

as & reference sample
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DISCUSSTION

Much of the justification for resesrch and
education in mycotoxicalogy resides in the Uccurrenﬁe
of Mycotoxicosis as a2 source of potential hazards
for the heslth of man and animals, and as an ecenomic
factor in the animal and feed industries. Under
the influence of this threat, together with other
previously mentioned factors; this study was conducted.
It covers a wide range of feedstuffs used in Jordan.
Rmong ten different feedstuffs covered in this study
(Table 1), aflatoxins as such were confirmed in only
one type, the corn, where D.16% of the tested samples
were found to be contaminazted naturally with these
toxins, This rate of aflatoxin presence compaired with
reported findings in other countries from similar
gtudies, is considered very low. For example, in
Canada, Funnell et al., (1979) studying different
types of animal feedstuffs. They reported the presence
of one aor more of different mycatoxins (aflatoxins,
sterigmatocystin, ochratoxin, patsulin, zeralenone)
in 13.7% of the feedstuffs. However, the amounts of
toxins, found were low and sterigmatocystin was absent
from most of the samples. In Australia, Bryden et al..

(1980) found RFB1 in 41% out of 55 samples of
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different feedstuffs. They tried to currelate‘field
sutbreaks of animal disease in farms from where the
samples were collected. They were able also to isclate
the toxins from animals. Although this is one uf the
highest reported cases of aflatoxin contemination it

might be due to the small size of the samples.

Similar studies were conducted in foods and feeds
where higher rates of aflatoxin incidence were reported.
In Poland 8.7% of 150 samples examined yielded
aflatoxins (Juskiewica, 1377). In Egypt aflatoxins
were faund in 33% of 42 samples (Girgis et al., 1977)
antd in New Zealand 5.3% of 38 samples of different fee~
were aflatoxin positive (Staton, 1977). Diet components

obtalned from a West German manufacturer of laboratory

animal diets were analyzed for aflatoxins by Obi, (1978°.

Df the 16 components examined 6 (37.5%) contained

detectable ievels of RFﬁq.

In a recent study done by Jarrar, 1980 in Jordan,
it was faund that 1.2% of the fgodstuffs samples were

naturally contaminated with aflatoxins.

In this study, the amounts of aflatoxins found

in the corn samples (RFB1; 33 ppb, AFBZ; 12 ppb)
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répresents a dangerous level, knowing that onez part
per billion in the diet produced liver cancer in tfuut
in a year and 8-20 ppb induced hepatoma in 4-5 manths
in the same animal (Lee gt al., 1971). These levels
are also high if we compare it with that found in corn
tested by Shotwell et 8l., (1977) where 24-47 pph of AFB,

were recorded (and up to 209 ppb in scme samples).

The typess of feed used in Jordan, except corn;
appear ta be from those commodities that are known not
to be good natural substrates for aflatoxin production
iike soyheans, barley, lentil and wheat bran {(Llewellyn
8§ O' Rear, 1977), while several incidences of aflatoxins
in corn were reported (O'Brien, 1976, Gopldblatt, 1969,
and Zubber, et al., 1976) and it was classified as a
suitable substrate for natural production of aflatoxin
(Heathcote & Hibbert, 1978). The rate of aflatoxin
presence in corn in this study wes (1.,09%), one out of
91 samples tested, this rate is low compared with that
reported by some investigators. Shorwell et al., (1970)
found that 2.12% of 283 corn samples tested were found
to contain in Southeastern United States (Zubber gt al.,
1976) revealed a much higher incidence (hg%)hnf aflatoxin-
contamination. It seems that the rate of corn conta-

mination by aflatoxins is very variable, this is clear
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from studies dane in the United States at 3 successive years
where the rates-of corn contamination were 13%, 27% and
52% in 1972, 1973 and 1974, respectively as presented by
Zuhber et al., (1976). However results similar to the results
in this report were obtained by Hesseltine et al. in 1964
and 1965. They examined cver 1,000 corn samples for
aflatoxins and only small ampunts of aflatoxins were
detected in a number of low-grade samples. The corn that
is used as feedstuff in Jordan is generally of very aood
quality and this is clear from the intact undamaged seedg
since it is noticed that a direct relationship exist
between damage (mechanical or insect), molds infection
and toxin production (Goldblatt, 1969 & Shotwell et al.,
1977). The muis?ure content of the corn heing about
(11.4%) is low and far from promoting aflatoxin production,

specially in this good, undamaged guality.

Soyhbean samples were free from aflatoxins. This
result is in agreement with the results of other studies
which indicated heans to be poor substrate for aflatoxin
production (Gupta and Yenkitasubramanian, 1875)., Shntwell
gglglo, {(1978) surveyed 1046 samples of soybeans for the
presence of aflatoxins, only 2 samples showed aflatoxins
and ot a low level. Barley used as animal feed in

Jordan is of good guality. Also, pure and no visible
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cantamination could be detected. Hnmeuer; bhariey and
other small grains are not a dangerous source of aflatoxin
contamination (Ciegler, 1977). Np aflatexin or sterig-
matocystin were isolated from any of the samples tested

in this study.

Mixed poultry feed and poultry pellets, which are
mixtures of corn, soybeans, and poultry concentrates, were
found tu he free from aflatoxins and sterigmatocystin,
probably because of low moisture content together with the
gond quality of the ingredients.

-

The occurrence of aflatoxin producing fungi in differant

L8

feedstuffs

Toxins were found in corn only but the molds that

produce the aflatoxins, Aspergillus flavus group fungi,

were isolated from 8 types i.e., (80%) of the different
Feddstuffs tested. The rate of contamination by ﬁflq-
toxigenic isolstes was highest (13.3%) in wheat bran énd
mixed cow feed, although the samples were free fram the
toxin itself. Isoclates of A, flavus group were found in
53 gsample of 88 curn samples cultured (60.2%). Comparing
this rate (60.2%) with similar studies (Goldblatt, 1969)

where A, flavus contamination was 75.4%, reveals that
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the rate of contamination bg A. flavus group is reasonable-

However, higher rates were reported by Hesseltine et al.,

1975 where A. flavus group were isolated from more than 9.

of 1283 corn samples tested. 5Since we can not differentia™.

between isolates that are toxin producers and non toxin
producers from the morphclogy or microscopic examinzstions
and since several investigators have indicated that only
someg strains of A. flavus group were capable of aflatoxin
formation (Sargent et al., 1961 and Hesseltine et 8l.,
1368), ali of the isolates were tested for their ability
to produce aflatoxin on an appropriate medium. The

results showed that five out of 53 A. flavus isolates,

obtained from durn; were found to be toxin producers.

Ninety samples of soybeans were also cultured in sear-'.

of A, flavus group and none of the eleven isolates were
able to produce afliatoxin under experimental laboratory

conditions.

This investigation indicates that 22 (9.2%) of all
the isolates (238) were toxin pruducers; Similar studies
in other countries showed variable rates of toxigenic
- isolates. In Japan 25.8% of A. flavus isolates, from
different food & feeds; were aflatoxin-producers and

gleven of nineteen (57.9%) of A. versicolor isoclates
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sterigmatccystin producers (Tekataori et al., 1980). Afzal -

et al., (1979) from Pakistan, cultured 54 samples of
different feedstuffa, 21 isolates of A. flavus (38,9%) were
obtained, only one isolate (4.7%) of these was toxin

producer and was identified as A. parasiticus. Stoloff

et al. (1976) found that 10.6% of the isolates were toxin
producers. In Russia, 12% of the isclates obtained by
L'vova gt 8l. (1978) were aflatoxin producers, In India,
anly 6% was reported by Rao et al. (1965). Studies in the
neighbouring countries on food and feedstuff indicate
rates of incidence of toxlgenic isolate close to the rate'
found in this study (9.2%). In Palestine 20% and 12,.7% in
1963 and 1964, respectively; were reported (Brout and
Joffe, 1966), In Irag and in a study on some food and
feedstuffs, 7.2% of the isolates were toxin producers.

In Jardan as reported by Jarrar 1980, 14.2% of 219 fungal

isplates from food-stuffs were toxin producers. Higher

rates of toxigenic isolates were found in areas where high

rate of aflatoxjicosis was observed as some African countries

when 52% of the isolates from food or feed were found to

be aflatoxin producers (Austwich and Agerst, 1963).
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Suitébility of some feedstuffs for aflatoxjin production

under laboratory conditions

Four different feedstuffs were tested to find out

whether they are suitable to produce aflatoxins or not.

Corn, known to be a good suhstrate for aflatoxin production

(Goldblatt, 1969, 0O'Brien, 1976), was used as cantrol °

in this study.

Amounts of aflatoxin produced on poultry concentrate
were 18,5, and 14 P/gm of RFB1, AFE!2 & AFE1, respectively.,
The amounts produced on carn, used as control, were 70,
11, 7 and 4 pg/gm for RFﬂq, HFHz, QFG1 and ﬂFGZ, TeEspe-
ctively. Rice, under the same conditions, produced 100,

7y 11 pg/gm of rice of AFE,, AFB, and AFG,, while peanut

AFB,, and AF{

produced 76, 13, & pg/gm of AFH,, 5 10

respectively.

These results reveal that the poultry cnncentraﬁe
is, potentially, suitable for aflataxin production, The’
danger of this feedstuff can be viasualized if we know
that it 1s given in all poultry farms in Jordan., This
danger becnqes greater in egg~producing farms, where
the bird® live for about 30 months, so small amounts of

toxin ie snough to be & source of hazard.
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Poultry pellet was alsp positive for aflatoxins.
This was expected since carn constitute about 60% of the

mixture. Soybean (representing about 30% of the pellet

weight) also showed the ability to produce aflatoxins,

but at low level (Hesseltine et al., 1966; Shotuell et al.,

1978). The peliet form of this feedstuffs ghowed tﬁe
ability to promote heavy growth and sporulation of the
fungus, a primary step in afliatoxin production. The
amaunts produced when the pellet was used as substrate
for NRLL 2999 amounted to 63, 11, 8 and 0.4 ug/gm of
AFB,, AFB,, AFG, and AFG, Tespectively. Comparing these
amaunts with those produced on peanut, rice and corn,

in this study and under similar ccnditions, we can
classify this mixture as a good substrate or as good as
peanut and corn for aflatoxin production. However,

this pellet form was found to be used in few farms for

adult birds.

Lentils, a minor element in animal feed in Jordan;
was found to be a suitable substrate for aflatoxin
'prnductinn also., Table 8 shows that the amounts of
aflatoxins produced on lentil are less than those
produced on poultry concentrate, pellets and bran.
Lentil was found to be used rarely in few farms.

However tentil is used as human food in gur country

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



~6? -

1

and the neighboring countries. The storage practice

of lentil in the house for a year or so; is still a

common habit and might pose a source of danger on public

health.

Wheat bran is used in cow farms and some poultry
farms., The amounts of aflatoxins produced, as in Table
8, classify it as a good substrate for aflatoxin
proruction, however the samples tested in this study

were of good guality except for few samples which were

heavily contaminzted with Peniciliium spp. The

dangerous alarm of bran usage as feed can be seen if we
know that it is given for dairy cattle slmost all over
the year, except few months of spring. And if little
amounts are consumed, it will be secrated in the milk
as “milk toxin® (de Iong and van Pelt, 1964). The
transfer of aflatoxin to milk product, such as cheese
and yogort, is under study by Applebaum et al. (1979) .
Their primary results showed the presence of toxin in

cheese.
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CONCLUSIONS
This study showed that :

All feedstuffs, used in Jorddn; are potentially
suitable for aflatoxin production. So if these
substrates are infected by toxigenic isclatesj toxin
will be produced. However, corn is cited in the

literature to be a world wide source of aflatoxin

contamination, while other feedstuffs, used in Jordan;.

like soybeans, bran, poultry concentrate harley, are
not dangerous sources for contamination,

Nuts, in general, are not used in animal fecding
in Jardan, and this eliminates a lot of hazards, gince
nuts are known to be the best substrate for aflatoxin
production,

Aspergillus flavus group fungi, the natural praducers

of aflatoxins, are common in feedstuffs and the per-
centage of toxigenic isclates is comparable with that

found in other countries.

The moisture content of feedstuffs found in the samples

included in this study is, generally; less than the
preferahle moisture cantent desired by the mold far
growth and productiaon of toxins. As a result, it

should be stressed upon the storage practices of such
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material to prevent any further rise of moisture
content which will result in improved growth and
toxin production by the fungi.
Tﬁe tempera%ure, specially in localities where animal
farms are concentrated like Al Ghoer and Edhlail,
nromntes the growth and the production of aflatoxins
in long summer season, this alse should be contralled
as indicated above. |
Long lasting storage of feeds is, generally, nct common
in Jordan, especially in farms. Many farms discard
old feeds or the left over of each patch of feed for
the sake of the health nf animals, i.e. to prevent the
infection of the new patchs of ;Emimalso
Animal feeds in Jordan are usually imported fram
different countries. This depends upon commercilal
aspects. So the results of this study throw }Lght'nn
the problem of animal feed contamination during the
period of the study, ioEQIFebruary 1980-March 1981,
These results are neot an alternative of ever-lasting
control on food and feedstuffs; imported or produced
locally.
Countries aware of aflatoxicosis pruﬁlems established
special laboratories at their sea-ports tec test the
imported foods and feeds that are reported to be suita-
bie for aflatoxin contamination, so we recommend

interested authorities to follow this example.
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