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Aflatoxin M in Milk..... A Review®
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Abstract. At present the dairy industries in Saudi Arabia are growing steadily and that emphasizes the
need for giving special attention to the presence of aflatoxin M in dairy products. Recently the incidence
of aflatoxin in animal feed ingredients has increased and that will increase the posibility of the oceurrence
of aflatoxin M in milk. However, aflatoxin M is a toxic (100% as AFB ), Carcinogenic (33% of AFB,),
and mutagenic 3.3% of AFB,) metabolite compound. This paper is a review of aflatoxin M in milk from
lactating cows fed on aflatoxin-contaminated ration, where a linear relationship existed between the
amount of AFB, ingested and the concentration of AFM, in milk.

Our interest was directed to review origin, excretion, biological effect, processing effects, and control
of aflatoxin M in milk from tactating cows fed on aflatoxin-contaminated ratjons. The Food and Drug
Administration (FDA) has established guidelines of ¢).5 ppb for aflatoxin M in milk taking in the consider-
ation that infants and young children are very likely to consume considerable quantities of milk and they
are to be more susceptible to the carcinogenic effect of aflatoxin. The Saudi Arabian Standard Organiza-
tion (SASQ) is now in the process of establishing guidelines for aflatoxins in animal fecds to prevent
occurrence of aflatoxin M in milk.

Introduction

Aflatoxins are considered at present to be one of the world’s most dangerous conta-
minants in Foods and Feeds. Aflatoxins are a group of naturally occuring metabolites
produced by the fungi Aspergillus flavus and Aspergillus parasiticus [1-2] where
growth is favoured by a warm and humid climate [3]. The primary metabolites of A.

* This paper was presented at the workshop on dairy production and processing in Saudi Arabia, Ministry
of Agriculture, Regional Agriculture and Water Rescarch Center, APR. 5-8, 1987.
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flavus and A, parasiticus, are aflatoxins B1, B2, G1 and (32 which contaminate a vari-
ety of agricultural food and feed products [4, pp 13-54]. Investigation of food and
feed stuffs began in 1960 when aflatoxins were discovered as the cause of the Turkey
X disease that killed over 100,000 Turkeys in Britain [5]. Several investigators have
found that aflatoxins are acutely toxic, carcinogenic, teratogenic, and mutagenic
compounds [6-11]. Aflatoxin B1is the most potent toxic and carcinogenic metabolite
recognized and found naturally in large amounts in agricultural crops [11-13]. It is
suspected that aflatoxins are primary source of human cancer in some population
[14]. Aflatoxins in the food producing animals are of concern because they can be
found in the food produced or obtained from those animals. It has been reported that
the consumption of aflatoxin—contaminated feed by lactating animals results in the
secretion of the toxic, carcinogenic and mutagenic aflatoxin M in the milk [15-17].
Feeding chickens ration containing aflatoxins cause growth retardation, and increase
in liver/body weight ratio, biochemical alterations and pathological changes [18].

Aflatoxin M in milk can be determined either by the thin layer chromatography
(TLC) or high pressure liquid chromatography (HPLC) separation. Several methods
have been reported for the determination of the aflatoxin M in liquid milk [19-25] dry
milk [26-28] and cheese [29,21].

Structures of aflatoxins

Aflatoxin M is the generic name of two compounds, designated aflatoxin M1
and M2. De longh et al. {30] showed that aflatoxin M is a blue-violet flourescent com-
pound which have an RF value about half that of aflatoxin B1 on Silica gel TLC using
3% methanol in chloroform as a solvent. Holzapfel ef al. [31] reported that milk
aflatoxin contained two flourescent compounds subsequently designated as M1 and
M2. Their structures were found to be hydroxylated drivatives of the aflatoxin B1
and B2 respectively (Fig. 1).

Biological effects of aflatoxin M,

Aftatoxin B1 is the most potent toxic and carcinogenic metabolite recognized
and found naturally in large amounts in agricultural crops [7,12-13]. It is suspected
that aflatoxins are primary source of human cancer in some population [14]. The
toxic dose of aflatoxin for humans is not established, but strong circumstantial evi-
dence from Southeast Asia, India, and Africa, plus a suspect case in Germany, indi-
cates that aflatoxins have been involved in human health, particularly among chil-
dren [34-35].
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M, M2

Fig. 1. Structures of aflatoxins obtained from Asao et al. [32] (AFB,}, Chang
et al. [33] (AFB,), Holzapfel and Steyn [31] (AFM, and AFM,)

A reduction in milk production yield, loss of condition, and liver damage were
observed in cows and heifer fed on rations containing 15 to 20% of the toxic
groundnut meal for several months. Later estimates of aftatoxin M content were
reported to be about 2 ppm with daily intakes of 3.2 mg B1 for drycowsandupto12.7
mg B1 for milking cows [36]. In addition, severe illness and liver damage were
observed in 2 years old fatten caitle given toxic groundnut meal for 3 months [37].
Calvet et al. [38] gave aflatoxin to lactating cows (1.5 mg/day) and studied the effect
on the breast-fed calf. The nursing calves showed a reduction of growth, an increase
in serum glutamic-oxaloacetic transaminase (GOT) and death of 3 of 5.

Allcroft and Carnaghan [1] observed liver damage in ducklings fed on an extract
of freeze dried milk obtained from cows consuming aflatoxin contaminated ration.
Purchase [39] reported that milk from cows exposed to aflatoxin B1 caused bile duct
hyperplasia in one day old ducklings. Aflatoxin M1 acute toxicity in the day-old
ducklings was found to be approximately the same as that of aflatoxin B1. Liver
tumors were observed in two out of ten rats injected with AFM1 [40]. Pong and
Wogan {41] injected male fisher rats with both synthetic and natural aflatoxin M1 and
B1 (0.4-1.5 mg/kg) for 14 days. Their results indicated that the M1 acts through the
same mechanism as aflatoxin B1 in causing toxicity and subcellular alterations. Syn-
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thetic M1 and synthetic B1 were found to be of equal potency but both were less
active than natural B1.

Sinnhuber ez al. [42] and Canton et al. [43] studied the carcinogenicity of aflato-
xin M1 in rainbow trout and their results revealed that the carcinogenic potency of
aflatoxin M1 in rainbow trout was much lower than that of aflatoxin B1 (33% of

AFB1). A similar result was reported by Wogan and Paglialunga [44], when they
studied the carcinogenicity of systhetic aflatoxin M1 in rats (Fig. 2).
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Fig. 2. Toxic, carcinogenic and mutagenic potency of milk aflatoxin
(AFM,) relative to aflatoxin B,
a) From Pong and Wogan [41].
b} From Sinnhuber et al., [42] Canton ef al. [43] and Wogan
and Paglialunga [44].
¢) From Wong and Hsieh [45] and Uwalfo and Bababunmi
[461.

Wong and Hsieh [45] determined the mutagenicity of the aflatoxins and various
animal metabolites by using Ames tester Strain of Salmonella typhimurivm (TA 98).
Results indicated that aflatoxin M1 was found to have about 3.3% of the mutagenic
potency of aflatoxin B1 (Fig. 2). Uwalfo and Bababunmi [46] studied the mutagenic-
ity of aflatoxin M1 relative to that of aflatoxin B1 using five Ames tester strains of

Salmonella typhimurium (TA 98, TA 100, TA 15335, TA 1537, and TA 1538). The
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results obtained using the TA 98 Ames tester strain indicated that the mutagenicity
of aflatoxin M1 relative to that of aflatoxin B1 is about 3%, which confirmed the
results obtained by Wong and Hsieh [45] (Fig. 2).

Origin of aflatoxin M in milk

Aflatoxin M is a metabolite found in the milk of lactating cows consuming feed
contaminated with aflatoxin. Feed ingredients were usually found contaminated
with the naturally occuring aflatoxins, B1, B2, G1 and G2. Several studies indicated
that aflatoxins had been detected in most animal feed ingredients such as corn, soy-
bean, barley, cotton-seed and other common feed ingredients (Table 1).

Table 1. Some reports of aflatoxins — contaminated feed ingredients in different countries

Countries Feed ingredients References
Australia Milict. Corn. Barley |47-48]
Britain Barley (49]
Canada Feeds and ingredients [50]
Denmark Imported peanut products [51]
Finiand Imported peanut meal and copra [52]
France Rye. Barley, Soybean [53]
Germany Sugar Scrap, Linsecd [54]
India Cottonseed, Safflower [55.47]
Ttaly Sesame {cakc) (47]
Rapeseed. Sunflowerseed (meal) [56]
Saudi Arabia Poultry feeds, Imported corn [57-58]
U.S.A. Corn, Cottonseed, Wheat, Sorghum [59-62]

Qat, Linseed, Soybean

The incidence of aflatoxins in corn has increased [61] and this crop represents a
major feed ingredient to all classes of livestock and poultry. That means, a special
attention should be given to the incidence of aflatoxin in milk obtained from cows fed
a ration containing corn.

Metabolisra of aflatoxins by lactating cows

Aflatoxins in the ration of food-producing animals arc of concern because they
can be found in the food produced or obtained from those animals. Of practical con-
cern to those in the dairy industries is aflatoxin M1. Several studies have reported
that the consumption of aflatoxin-contaminated feed by lactating animals results in
the secretion of the milk aflatoxin (AFM) in milk. Allcroft et al. [16], studied the
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occurrence of aflatoxin in tissue, urine, and milk of sheep. Mixed aflatoxins, consist-
ing of aflatoxin B1, 36%; G1, 52%; B2, 3% and G2 2%, were dissolved in dimethyl-
formamide and given to three yearling sheep (1 mg/kg). Urine and milk samples were
also obtained and analyzed for the presence of aflatoxin and then animals were killed
2hr. later, and the liver and kidney were removed so that analysis for aflatoxin could
be performed by thin layer chromatography (TLC). Results showed that urine, liver
and kidney extracts of all the sheep examined contained aflatoxins B1 and G1 and the
“milk toxin” (AFM) while the milk extracts contained only the milk toxin.

Alicroft and Roberts [63] gave cows diets containing different concentrations of
aflatoxin and followed the levels of aflatoxin M1 (AFML1) in the milk. The daily dose
given to the cows ranged from 0.875-24.5 mg aflatoxin B1. Results indicated the pre-
sence of AFM1 in the milk and the quantity of this aflatoxin excreted in the milk was
in direct proportion to the ingested aflatoxin B,

Masri et al. [15] gave 6 lactating cows a known a mount of AEB1 and monitored
the level of AFM1 in the milk. The source of AFB1 was rice cultures which had been
inoculated with Aspergiflus flavus. The results showed a correlation between the dos-
age of AFBI1 and the concentration of AFMI1 in milk. Results also indicated that
AFMI was excreted in the urine and feces of the cows in quantities comparable to
that excreted in the milk,

Polan etal. [64] gave 4 lactating cows pure AFB1 over a 14 day period. Aflatoxin
B1 was administered on a twice-daily basis at levels of 10, 50, 250 and 1,250 ppb of
the concentrate. Obtained data indicated that, no AFM1 could be detected in milk
samples from cows receiving 10 ppb in the concentrate, although AFM1 was detected
in milk samples of cows given the two highest AFB1 levels (250 and 1,250 ppb). They
suggested that in order to ensure only negligible quantities of aflatoxin in milk, con-
centration of aflatoxin in the feed should not exceed 50 ppb. Only a trace amount
AFM1 (0.01 ppb) was found in milk samples of cows that received 50 ppb in the con-
centrate.

Patterson et al. [17] fed 6 lactating cows a ration contaminated with approxi-
mately 10 ug AFB/kg and followed the concentration of AFM1 in milk samples
which varied between 0.01 and 0.33 pg/I.. Several studies [64,66] showed that aflato-
xin M in the milk reached its maximum level between day 4 and day 6 after feeding
the aflatoxin-contaminated ration (regardless of the aflatoxin dose) and then the
level of AFM remained constant.

From the previous studies, it could be stated that a linear relationship exists
between the amount of AFBI1 ingested and the concentration of AFM1 in milk.



The other common aflatoxins in feed (B2 and G2) are converted similarly to
compounds designated as M, and GM, in milk respectively [30,67].

Aflatoxin M in Milk... A Review

The convertion ratio of AFB1 in feed to AFM1 in milk

Several studies have indicated that the levels of aflatoxin M1 in milk are related
to the levels of aflatoxin B1 consumed in the feed of the lactating cows (Fig. 3). The
lactating cows convert, in part, aflatoxin Bl in the feed to a hydroxylated compound

(AFML1) (Table 2).
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Fig. 3. Aflatoxin M, levels in milk from cows ingesting various

Table 2. Conversion ratios of aflatoxin B, in feed to aflatoxin M, in mitk

amounts of aflatoxin B, obtained from Purchase [68]

Conversion ratio

Conversion ratio

(% M, in milk/B, in feed) References (% M, in milk/B, in feed) Reference
1.06 (66] 1.0 [69]
118 [66] 0.43-1.38 [65]
22 (17] 0.30and0.17 {64]
13 {15] 1.60 (70]
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Masri ez al. [15] fed lactating cows various levels of aflatoxin contaminated rice,
and calcuilated the convertion ratios of aflatoxin B1 in the feed to aflatoxin M1 in
milk. The results indicated that 1-3% of the ingested aflatoxin B1 is transmitted into
the milk as aflatoxin M1. A similar result was reported by Van der Linde e7 al. [69]
where they found less than 1.0% of the total amount of aflatoxin fed to lactating cows
was converted to aflatoxin M. in milk.

Mckinney er al. [65] fed 4 lactating cows a ration containing aflatoxin contami-
nated cottonseed (5.82 mg AFB1/day). They found the conversion ratio of AFB1 to
AFM1 to vary from 0.43 to 1.38% after a 72-hr. period during which maximum con-
version of AFB1 to AFM1 was reached.

Ewaidh [66] gave lactating cows aflatoxin B1 - contaminated whole cottonseed
(20.04 mg/day) and pure aflatoxin B1 (4.4 mg/day). Results indicated that, the con-
version ratios of AFB1 to AFM1 were 1.06 and 1.18% respectively.

Polan et al. [64] gave 4 lactating cows pure AFBI at a concentration of 250 and
1250 ppb on a twice-daily basis. Obtained results showed that the conversion of
AFB1 to AFMI was 0.30 and 0.17% respectively on day 4.

Price et al. [70] studicd the conversion ratio of AFBI in feed to AFM1 in milk
by dairy cattle consuming naturally contaminated cottonseed (5, 31, 104, 157, 280
and 380 ppb AFB1) for 10 days. The average conversion ratio found was 1.6%.

Vander Linde et al. [69] indicated that aflatoxin M appears in cows milk within
2 days after ingestion of a ration contaminated with aflatoxin Bl, also Alleroft and
Roberts [63] reported that AFM can be detected in milk within 5 hr. after the admin-
istration of a dose of purified AFB1 by mouth.

This disappearance of aflatoxin M in the milk after withdrawal of aflatoxin con-
taminated feed or pure aflatoxin B1 have been studied by several investigators. Com-
plete recovery of AFBI in milk samples occurred 3-6 days after withdrawal of aflato-
xin B1 from the ration (Table 3) [71,15,56,03.,64.66,72].

Effect of milk processing on aftatoxin M levels

The first attempt to destroy aflatoxin in the milk was by heating treatments.
Allcroft and Carnaghan |1] reported that toxicity of affatoxin M in milk was not
reduced by pasteurization (80°C for 45 sec. or 70°C for 30 min.) or by roller drying.
Stoloff et al. [ 73] studied the effect of pasteurization treatment on aflatoxin M recov-
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Table 3. Disappearance of aflatoxin M, from milk samples after withdrawal of aflatoxin B,

Hours after withdrawal of AFB, in ration

Source of
AEB, in Initial 24 48 72 96 120 142 Reference
ration

Average (ng/l.) AFM, concentration in Milk
Pure AFB, 4.40 1.10 0.17 0.06 0.00 0.00 0.00 [66]
Cotton seed 4.68 1.18 0.68 Trace 0.00 .00 0.00 [65]
Cotton seed 1.80 .55 1.29 0.65 0.41 0.05 0.00 172]
Pure AFB, 0.85 0.00 0.00 0.00 0.00 [64]

or

0.38

ery in raw and skim milk. Results showed that pasteurization of raw (63°C for 30
min.) and skim milk (77°C, 16 sec.) had no effect on aflatoxin M contents. Also, they
reported that aflatoxin M1 was recovered completely after storage of raw and pas-
teurized milk at 4 °C for 17 days (Table 4). The same result was reported by Wiseman
et al. [74] where they studied the effect of pasteurization of cream and skim milk
made from naturally contaminated milk.

Applebaum and Marth [75] used hydrogen peroxide (H,O,), hydrogen
peroxide plus riboflavin (Rib) and H,O, plus lactoperoxidase (LPO) to inactivate
aflatoxin M1 in milk. They found that, maximum inactivation (98%) was obtained
using 1% H,0, plus 0.5 M Rib. (30°C, 30 min.) followed by heating at 63°C for 30
min. Also, the effect of H,0O, alone on stability of AFMI in milk was less compared
with the effect of H,O, plus lactoperoxidase (Table 4).

Recently, Yousef and Marth [76] irradiated the aflatoxin M1 contaminated milk
(1 ppb), which was held at 90°C for 10 min. and cooled to 20°C, with UV energy for
30 min. Aflatoxin M1 content decreased by 56.2 and 53.9% in raw and pre-heated
milk respectively.

In addition. attempts were made to separate aflatoxin M1 from milk by man-
ufacturing cheeses or yogurt. Several investigators [65,78,80-84] studied the pre-
sence of aflatoxin M1 in various types of cheeses produced from aflatoxin M1 con-
taminated milk. Obtained results indicated that aflatoxin M1 has been found distri-
buted between the curd and whey fractions obtained in making cheeses. The cheeses
were found to have 2-7 times the aflatoxin M level of the milk samples from which
it was made (Table 5). Butter, however will contain aflatoxin M1 in proportion to the
occluded whey component, which in turn can be expected to have an aflatoxin M
level 0.5-0.7 times the level in the milk.
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Table 4. Effect of hydrogen peroxide, pasteurization, refrigerated storage, ulteraviolet energy and fro-
zen storage on stability of aflatoxin M| in milk

Treatment Aflatoxinlevel in milk % inactivation of AFM, References
Hydrogen peroxide 1 ppb (artificially 60% in the artifically [75)
6% H,0,at 30°C for contaminated 0.7-1.7 contaminated raw milk,
30 min. ppb (naturaily cont.} 83% inthe artificially
contaminated pasteurized
skimmilk, and 43% in
the naturally conta-
minated raw milk
Pasteurization 63°C 1.9ppb 0% inraw milk and [73]
for 30 min. (raw milk) skim mitk
77°Cfor lo min.
(skim milk)
Refrigerated storage 1.9 ppb ("% in raw and [73]
4°Cfor 17 days. skim milk
Ultravioletenergy [ ppb 53.9% in pre-heated milk [78]
milk was held at 90°C 56.2% inraw milk
fort0min., cooled to
20°C andirradiated
for 30 min.
Frozenstorage ice- 2.26-3.7 ppb (ice-cream) {}% inice-cream and [77]
cream and orange 1,96-2.32 ppb (sherbet) orange sherbet
sherbet were made
from naturally conta-
minated milk and
frozen for 8 months.
Pasteurization cream 1.1-2.6 ppb 0% in cream and (74]
and skim milk were skim miik
made from naturally
contaminated AFM
and pasteurized at
46°C for 30 min.
Pasteurization 1.57ppb 0% in the raw milk 78]
Sterilization 1.57ppb (% in the raw milk [79]

It could be concluded that aflatoxin M1 in milk is stable and unaffected by pas-
teurization, refrigeration, and processing of milk into cheese. In fact, it has been
demonstrated that the affatoxin M in cow’s milk is associated with casein and remains
with the milk portion when it is precipitated with rennin.

Aflatoxin M in commercial dairy products

Since there is a danger of the presence of aflatoxin M in the milk and of its toxic,
carcinogenic and mutagenic effect, and because the infants and young children are
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Table 5. Concentrations of AFM, in different kinds of cheese made from aflatexin contaminated milk

. AFM,inmilk  AFM inwhey AFM,inCheese Increase of Reference
Trial (ug/L) (1) (ug/L) AFM, incheese
Parmesan cheese

1 12.2 5.1 65.7 5.4x [83]
2 11.8 4.8 63.7 5.4x

3 5.7 15 35.4 6.2 %

Gouda cheese
1 1.57 0.93 6.54 42 % [78]
Cheddar cheese

i 0.70 0.30 3.07 432 % [B4]
2 2.49 1.41 10.23 411 x

3 2.39 0.42 11.02 4,61 x

4 1.49 0.41 6,43 4,32 %

Mozzarella cheese

1 1.5 <03 10.7 T7.1x f83}
2 L8 <0.3 12.7 7.1x

3 0.9 <0.3 6.5 7.2%

Curd (Rennet precipitation

1 4.4 0.6 9.2 2.1x [65]
2 4.4 0.5 9.3 2.1x%

3 4.4 0.6 9.2 2.1x

Brick cheese (2 wk}

1 3.7 4.6 9.6 2.6x%x [82]
2 4.5 4.1 57 1.3 %

3 4.5 3.9 11.2 2.5%

very likely to consume considerable quantities of milk, surveys of the incidence of
aflatoxin M in milk have been undertaken. Allcroft and Carnaghan [1] were not able
to detect contaminated milk from pooled milk samples in Great Britain. Many sur-

veys were undertaken by several investigators [40,54,79,81,85-92] to find out if com-
merical dairy products in a number of countries are contaminated with aflatoxin M

{Table 6).
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Table 6. Survey of aflatoxin M, in dairy products from different countries

Drairy product and level of AFM, {(ppb} Country References
Raw and dried milk (0.02-0.2} Belgium (79)

Milk products (0) France [85]

Raw and market milk (0.04-0 25). Germany [54,87-89]
Cheeses (0.02-0.23), Raw milk [91]

(0.05-0.54), Yogurt (0.05-0.74), Milk
(0.02-2.0), Cheeses (0.1-1.30}

Raw milk (0.005-0.091), heat treated Italy [91]
milk ((.001-0.028)

Liquid and powdered milk (0.09-0.3) Netherlands [93]
Dried milk (0) Norway [92]
Retaii milk (Trace —0.16) 5. Africa [40]
Driedmilk (less than 0.03). UK. [94]
Liquid milk (less than 0.01)

Cottage chegse (0.05-0.3), imported U.S A [86,90]

cheeses {0.1-1.0), whole milk (0) dried
skim milk {{)), evaporated milk ({))

Control of aflatoxin M1 in milk

Initially the Food and Drug Administration (FDA) advice to control the occurt-
ence of aflatoxin M in milk was to control the aflatoxin B1 contamination of feed.
Empbhasis has been placed on farm management practices such as using fungus-free
seed, controlling insects and diseases, controlling irrigation practices, harvesting at
maturity, and properly operating harvesting equipment to avoid damaging the crop
[5]. The FDA established an action guideline of 20 ng/g (20 ppb) for total aflatoxins
(B,+B,+G,+G,+) in all feeds or feed ingredients. Aflatoxin will not be detected in
the milk from cows fed ration containing 20 ppb or less. The FDA gave extensive
attention on aflatoxin in milk in 1977, when aflatoxin level rose above 20 ppb in two-
thirds of the corn crop in U.S. A. and resulted in highly significant levels of Aflatoxin
M1 in milk. The FDA established the action level of 0.5 ppb for the aflatoxin M1 con-
tamination of fluid milk [95]. The reason for the significantly lower level allowed in
milk was based on the consideration that infants and young children are very likely
to consume considerable quantities of milk, and they are also likely to be more sus-
ceptible to the carcinogenic effect of aflatoxin.

Price e al. [72] found that ammoniation of aflatoxin-contaminated cottonseed at
atmospheric pressure and ambient temperature was effective in reducing aflatoxin
M1 level in milk obtained from cows fed on the ammoniated seeds. They treated the
contaminated cottonseed with 1.5% ammonia and 10% water and packed it into a 3



m in diameter by 30 m long polyethylene bag for 21 days. Aflatoxin M1 levels in milk
from cows fed ammoniated (3.5 kg/day/cow) and non ammoniated cottonseed
showed that ammoniation treatment was very effective in reducing the level of
AFM1 in milk below the FDA action level of 0.5 ppb (Fig. 4). Lee et al. [96] reported
that, treatment of aflatoxin Bl with ammonia resulted in the formation of a
nonfluorescent phenol of molecular weight 286 (AFD1). Ttis postulated that the new
product arose from opening the Lactone ring of AFB1 during ammoniation, forma-
tion of an' ammonium salt of the resultant hydroxy acid, and loss of carbon dioxide
from this B-Keto acid (Fig. 5). Although this reaction occurs in a test tube, in reality
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the situation is more complicated.
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AFLATOXIN B { KETO ACID )

Fig. 5. Proposed scheme for formation of the major product of ammoniation
of pure aflatoxin B,. (after Lee et al. [96])
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