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Abstract. The objectives of the present study were (1) to monitor the pattern of excretion of aﬂatoxinM1 in urine after its
conversion from aﬂatoxinB1 and (2) to observe the effects of different levels of aﬂatoxinB1 in feed on serum concentrations
of key metabolites glucose, total protein, cholesterol and urea as indicators of metabolic status. Nili-Ravi buffalo heifers
(n = 12) of similar age and weight were randomly distributed to four groups. Animals in Groups A, B and C were offered a
contaminated cottonseed cake-based concentrate ration at 0.5%, 1.0% and 1.5% of bodyweight, respectively. Control
animals in Group D were fed with aﬂatoxinB1-free green fodder. Based on the level of contamination of the concentrate
ration with aﬂatoxinB1 (554 mg/kg), Groups A, B and C consumed 953, 2022, 3202 mg of aﬂatoxinB1 daily. Feed samples
were analysed at Romer Laboratories Pty Ltd, Singapore by high performance liquid chromatography. AﬂatoxinM1
quantiﬁcation in urine samples was conducted using a competitive enzyme-linked immunosorbent assay with kits supplied
by Helica Biosystems, Inc., USA. Serum samples were analysed for concentrations of glucose, total protein, cholesterol and
urea using clinical chemistry kits provided by Human diagnostics (HUMAN, Biochemica und Diagnostica mbH,
Germany). Carry-over rate of aﬂatoxinM1 in urine for Groups A, B and C was 15.51%, 15.44% and 14.04% of
aﬂatoxinB1 while there was no detectable aﬂatoxinM1 in the urine of the control group (D). There was no signiﬁcant
difference in the concentrations of serum glucose, total protein and cholesterol between treatment groups. However, the
concentration of serum urea was signiﬁcantly higher (P < 0.05) in the group offered the highest level of aﬂatoxinB1contaminated concentrate. This result suggests that mycotoxicosis may compromise protein metabolism and accretion in
affected animals. This leaves open the possibility that high concentrations of aﬂatoxins in milk may ultimately affect the
health status of human milk consumers.
Additional keywords: AFLB1, AFM1, mycotoxins, transfer rate.
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Introduction
Aﬂatoxins (mycotoxins produced by Aspergillus ﬂavus and
A. parasiticus) are readily absorbed and distributed to almost
all vital organs and body ﬂuids after ingestion (Stubbleﬁeld
et al. 1981). The microsomal cytochrome P450 system in liver
facilitates both activation and deactivation of aﬂatoxinB1
(AFB1). Oxidation of AFB1 results in the formation of the
biologically active metabolite, AFB1–8, 9-epoxide (Kuilman
et al. 2000). This metabolite can then react with RNA and
DNA leading to hepatocellular carcinomas or with liver protein
(Judah et al. 1993) to cause liver toxicity. AﬂatoxinB1–8,
9-epoxide is then converted into several less toxic metabolites
such as aﬂatoxinM1 (AFM1), aﬂatoxinQ1 (AFQ1) and
aﬂatoxinP1 (AFP1) after hydroxylation (Kuilman et al.
2000). The body has a mechanism to regulate toxicity through
conjugation of AFB1 with glutathione, facilitated by glutathione
S-transferases (Hayes et al. 1991).
The kidneys, lungs, liver and mammary glands were found
to sequester the highest concentrations of total aﬂatoxins
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(Stubbleﬁeld et al. 1983) while brain, gall bladder, bile, small
intestine, heart, skeletal muscles, spleen, supra mammary lymph
nodes and tongue were also found to retain considerable
amounts of aﬂatoxins. Truckness et al. (1983) found that the
transfer of aﬂatoxicol, AFB1 and AFM1 to milk, plasma and red
blood cells of the cattle is very rapid, reaching high levels within
1 h of dosing. Consistent with this rapid increase, the circulatory
system is highly efﬁcient at eliminating aﬂatoxin metabolites
through milk and urine. Stubbleﬁeld et al. (1983) found
concentrations of AFM1 in kidneys to be almost 40 times
higher than the intact AFB1, showing extensive metabolism of
the original feed contaminant in cattle. Thus urine is one of the
major routes for excretion of AFM1 after its conversion from
AFB1 in the liver (Nabney et al. 1967).
Pakistan is second in the world in buffalo milk (22.96 million
tonnes) and meat (0.775 million tonnes) production after
India (FAO 2011). Ingredients used as concentrate are often
contaminated with fungi, which secrete mycotoxins that are
then incorporated into the feed base (Sultana and Hanif 2009).
www.publish.csiro.au/journals/an
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The pattern of secretion of AFM1 in buffalo urine may provide a
means for measurement of mycotoxin likely to be stored in
carcasses providing meat entering the human food chain. The
objectives of the present study were (1) to determine the
relationship between feed AFB1 status and urinary AFM1
contents and (2) to observe the effect of mycotoxins on key
serum constituents in Nili-Ravi buffalo heifers.
Materials and methods
The government Buffalo Research Institute, Pattoki (latitude:
31050 N and longitude: 73520 E) district Qasur of province
Punjab in Pakistan provided Nili-Ravi buffalo heifers (n = 12)
of similar age (18.7–20.4 months) and liveweight (339–387 kg),
which were randomly assigned to four groups offered with
different levels of AFB1 naturally contaminated concentrate
feed. Groups A, B and C were fed with contaminated
concentrate at 0.5 (1.72 kg), 1.0 (3.65 kg) and 1.5 (5.78 kg) %
of bodyweight, respectively; while Group D was kept as the
control (animals were only fed with fresh green fodder, free of
AFB1). Animals in each group were offered individually abovementioned contaminated concentrate and ad libitum AFB1-free
green fodder (Berseem, Trifolium alexandrium) for 10 days
before the start of the experimental period of 5 days.
The concentrate ration was highly contaminated with AFB1
(554 mg/kg). Total daily intakes of AFB1 for animals in
Groups A, B, C and D were 953, 2022, 3202 and 0 mg over
the 5 days, respectively. The AFB1-free green fodder was also
available ad libitum during the 5-day test period and daily
intake was recorded by weighing back feed residuals. Water
was made available ad libitum and intake was measured on a
daily basis. Total daily dry matter (DM) intake was calculated by
adding the DM % of concentrate and green fodder. Total daily
excretion of AFM1 was calculated by multiplying concentration
of AFM1 (mg/L) by total urine production of that day.
Sample collection
Feed samples
A representative sample of green fodder was dried and
preserved on Day 1 together with a representative concentrate
sample. These were analysed for AFB1 at Romer Laboratories,
Singapore.
Serum samples
Blood samples (10 mL) were collected by venipuncture using
disposable syringes (19-gauge needles) and stored at 23C for
2 h for serum to form. They were then centrifuged at 1200g at
25C for 20 min to collect the serum, which was stored at 20C
pending analysis. Concentrations of glucose, total protein,
cholesterol and urea were determined by using clinical
chemistry kits provided by Human diagnostics (HUMAN,
Biochemica und Diagnostica mbH, Wiesbaden, Germany).
Serum samples were analysed using a chemistry analyser
(Microlab 300) provided by the ELITech Group, Paris, France.
Urine samples
Foley balloon catheters (24-gauge, Ningbo Greatcare
Meditech Co. Ltd, Zhejiang, China) were passed through the
urethra into the urinary bladder of all animals on Day 1 after the
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adjustment period of 10 days and kept there for 5 days. These
catheters were directed to airtight plastic bottles (20 L). Urine
samples (5 mL) were collected every 24 h after mixing and
stored at 4C pending analysis. All animals were monitored
continuously after catheter introduction.
AﬂatoxinB1 analyses
Samples of green fodder and contaminated concentrate ration
were sent to Romer Laboratories, for AFB1 analysis and were
analysed by high performance liquid chromatography (HPLC).
Samples were also analysed for AFB2, deoxynivalenol,
fumonisinB1, ochratoxinA and zearalenone.
Sample preparation and clean up
A total of 25 g of sample was ground. Ground sample was
mixed well and then extracted with 100 mL acetonitrile/water
(84 : 16). After blending for 3 min, it was ﬁltered through folded
ﬁlter paper. Tween 20 (33 mL of 1%) in PBS was then added in
2 mL of ﬁltrate (acetonitrile/water sample extract). All diluted
sample extract was applied to Aﬂastar Fit (immuno afﬁnity
column) columns. The sample was allowed to pass through the
column at the rate of 1–3 mL/min. The column was then washed
with 10 mL of PBS. All excessive liquid was removed and toxins
were eluted from the column by applying two times 0.5 mL
methanol followed by two times 0.5 mL of deionised water. After
mixing, 100 mL was injected into HPLC.
HPLC
HPLC analyses were performed using an HPLC series
1100 from Agilent Technologies (Waldbronn, Germany).
Chromatographic separation of AFB1 was conducted by use of
an Agilent Zorbax SB-Aq column (4.6 mm · 150 mm, 5 um). The
mobile phase applied was water/acetonitrile/methanol mixture
(5/1/1), including 100 mL nitric acid and 0.3 g potassium bromide
per L. The ﬂow rate was 2 mL/min, column oven temperature
30C, injection volume 100 mL. A Kobra cell was used for
post-column derivatisation, ﬂuorescence detector settings were
360 nm (excitation), 440 nm (emission).
AﬂatoxinM1 analyses in urine
AFM1 quantiﬁcation in urine samples was conducted with a
competitive enzyme-linked immunosorbent assay (ELISA) kit
(Cat. No. 991AFLMO1Y-96 Helica Biosystems Inc., Santa Ana,
CA, USA). Mean recovery of AFM1 in spiked samples (0.5 and
2.0 ng/L) according to the manufacturer’s speciﬁcations were
96.40% and recovery range was 78–111%.
Carry-over rate of aﬂatoxinM1 in urine
The carry-over rate of AFM1 in urine was calculated by following
the formula:
Carry-over rate ¼ Total daily AFM1 excreted=
Total daily AFB1 intake · 100:
Statistical analyses
Data were measured 5 times on each animals so they were
analysed using linear mixed models with Group*Day as ﬁxed
effects and Animal/Day as random effects. As data for serum
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concentrations of glucose, total proteins, cholesterol and urea
were measured at only one time point, they were analysed by
one-way ANOVA using a completely randomised design.

GENSTAT 16th edition (Hemel Hempstead, UK) was used for
all analyses.
Results
There was a signiﬁcant (P < 0.001) difference in total daily
excretion of AFM1 in urine among the four groups; higher
levels of AFM1 in urine were associated with higher levels of
consumption of AFB1 (Fig. 1).
There were no signiﬁcant differences in urinary excretion
between days, with levels remaining constant over the 5 days of
treatment (Fig. 2).
A highly signiﬁcant difference (P < 0.001) was observed in
urinary AFM1 concentrations (mg/L) among Groups A, B, C
and D. The mean concentrations of AFM1 (mg/L) were 14.37,
18.96, 24.17 and 0 for the animals fed with 953, 2022, 3202 and
0 mg/day of AFB1, respectively. There was no difference in
the daily pattern of excretion of AFM1 (mg/L) over the 5-day
experimental treatment period. A strongly signiﬁcant (P < 0.01)
difference in water intake was observed among all four
experimental groups (Table 1). It was positively related with
daily intake of the concentrate ration. There was a highly
signiﬁcant (P < 0.001) difference in water intake from day

Excretion of aflatoxinM1
(µg/day) in urine

500
400
300
200
100
0
A

B

D

C

Groups

AflatoxinB1 (intake) and AflatoxinM1
(excretion) in µg

Fig. 1. Total daily mean excretion of aﬂatoxinM1 in urine of buffaloes
exposed to different levels of aﬂatoxinB1 (P < 0.001: s.e.d. = 30.07).
Note: Animals in Groups A, B, C and D were exposed to 953, 2022, 3202
and 0 mg/day, respectively.
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Fig. 2. Daily variation in excretion pattern of aﬂatoxinM1 in buffaloes exposed to various levels
of aﬂatoxinB1 (P > 0.05: s.e.d. = 29.00). Note: animals in Groups A, B, C and D were exposed to 953,
2022, 3202 and 0 mg/day, respectively.
Table 1. Mean values for daily urine production, water intake, dry matter intake, carry-over rate, excretion of aﬂatoxinM1 and mean
concentrations of serum constituents in buffaloes exposed to different levels of aﬂatoxinB1
Group

Urine
production
(L/day)

Water
intake
(L/day)

Dry matter
intake
(kg/day)

AﬂatoxinB1
intake in feed
(mg/day)

AﬂatoxinM1
excretion in
urine (mg/day)

Carry-over rate
of aﬂatoxinM1
in urine (%)A

A
B
C
D

10.35
16.59
18.67
9.39

23.01
29.04
33.35
20.81

8.139
10.002
12.252
6.623

953
2022
3202
n.a.

147.8
312.3
449.5
0

15.51
15.44
14.04
n.a.

P-value

<0.001

 0.01

<0.001

n.a.

n.a.

n.a.

A

Carry-over rate = aﬂatoxinM1 excretion in urine/aﬂatoxinB1 intake in feed ·100.

Glucose
(mg/dL)
79.0
65.7
70.3
73.3
0.744

Total
protein
(mg/dL)
6.40
6.17
6.27
6.30
0.990

Cholesterol
(mg/dL)
67.7
88.0
76.0
73.3
0.617

Urea
(mg/Ll)
46.0
62.7
69.0
46.0
0.030
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to day. Mean water intake on Day 1 for all animals was 21.72 L,
which was signiﬁcantly (P < 0.001) lower than mean intakes for
the subsequent days i.e. 26.37, 27.68, 28.78 and 28.21 L for
second, third, fourth and ﬁfth day, respectively (s.e.d. = 1.368).
Consequently urine production in animals from each group was
signiﬁcantly (P < 0.001) different (Table 1). There was no
signiﬁcant difference in urine production from day to day. A
highly signiﬁcant (P < 0.001) difference in total DM intake was
detected between groups and days. Total DM intake was
signiﬁcantly (P < 0.001) lower for the control animals (6.623
kg/day) relative to Groups A, B and C (8.139, 10.002 and 12.252
kg/day, respectively). Total DM intake for all groups on Day 2
was 8.945 kg, which was signiﬁcantly lower (P < 0.001) than the
values for the other days. No interactions were apparent between
groups and days for total AFM1 excretion per day and per litre of
urine, daily water intake, daily urine production or daily total DM
intake.
Difference in the mean blood concentrations of glucose,
total protein and cholesterol among treatment groups were not
signiﬁcantly inﬂuenced by treatment (Table 1). Mean
concentration of urea in blood serum was signiﬁcantly higher
(P < 0.005) in Group C exposed to the highest AFB1 concentrate
than all other groups.
Discussion
Deaths of several hundred calves in Australia (McKenzie et al.
1981), numerous animal deaths on a chinchilla farm in Argentina
(Pereyra et al. 2008) and the death of 493 buffaloes in Landhi
colony Karachi, Pakistan (Sultana and Hanif 2009) provide
examples of the potential impact of acute aﬂatoxicoses in
production animals. Nabney et al. (1967) reported a carry-over
of AFM1 in urine of up to 5.94% in sheep. This result is clearly
different from the results (14–15.5%) produced in the present
study. The reason for this difference may relate to species
differences as Nili-Ravi buffalo heifers were used in this
experiment. Another reason may be the resistance of sheep to
mycotoxins. AFM1was carried over at the rate of 1.23–2.18% of
AFB1 in the urine of humans fed with contaminated corn and
peanut oil in another study conducted by Zhu et al. (1987) when
average daily intake of AFB1 was 58 mg/day. The reason for this
reduced carry-over rate may be the difference in physiology
between humans and ruminants.
A total of 4.52% of the aﬂatoxin ingested was excreted
through milk (0.18%), urine (1.55%) and faeces (2.79%) in a
study with beef cattle (Allcroft et al. 1968). The apparent lower
transfer in this study could relate to the single dose of aﬂatoxin
administered to animals. The sensitivity of the analytical
technique (ELISA) used in the present study relative to the
methodology in use 40 years ago may also contribute to the
differences. The mechanisms of transfer may also vary between
the heifers used in this study and lactating cattle. Different factors
may inﬂuence the variation in carry-over rate (0.3–6.2%) of
AFM1 in milk (Creppy 2002).
Transfer of mycotoxins to the human food chains is
particularly common in developing countries. In Cameroon for
example, 35.5% and 45.5% of the urine samples of children
suffering from kwashiorkor and Marasmic kwashiorkor were
positive, having mean values of 0.109–2.840 mg/L and
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0.109–0.864 mg/L, respectively (Tchana et al. 2010). Another
reason for the difference in AFM1 concentration in urine may be
the synergistic effect with the presence of other mycotoxins.
The concentrate ration used in the present study contained 50,
166, 230, 31.2 and 18 mg/kg of aﬂatoxinB2, deoxynivalenol,
fumonisinB1, ochratoxinA and zearalenone, respectively.
Various studies (Pozzi et al. 2001; Rajmon et al. 2001;
Gelderblom et al. 2002) have reported synergistic effects of
AFB1 with other mycotoxins at cellular and hepatic levels in
different animals: similar effects may have occurred in the present
study also.
Mean concentrations of glucose and cholesterol observed
in this study were all higher than the concentrations reported
by Hagawane et al. (2009). Concentrations of glucose and
cholesterol were found to be 50.06 and 26.76 mg/dL,
respectively, in healthy lactating buffaloes. This most likely is
the result of these animals being in full lactation. Differences in
the expression of urea with increasing mycotoxin levels could
result from a disruption of protein synthesis either within the
rumen in the synthesis of microbial protein or in the post-ruminal
gastrointestinal tract. The mycotoxins may also be acting in
muscle tissue and liver hampering protein synthesis and
causing deamination and greater excretion of urea into the
urine. This mechanism deserves further investigation as it may
be important in inhibiting growth or lactational efﬁciency.
References
Allcroft R, Roberts BA, Lloyd MK (1968) Excretion of aﬂatoxin in a
lactating cow. Food and Cosmetics Toxicology 6, 619–625. doi:10.10
16/0015-6264(68)90311-8
Creppy EE (2002) Update of survey, regulation and toxic effects of
mycotoxins in Europe. Toxicology Letters 127, 19–28. doi:10.1016/S0
378-4274(01)00479-9
FAO (2011) FAO STAT. Available at http://faostat.fao.org/site/339/default.
aspx [Veriﬁed 1 July 2014]
Gelderblom WCA, Marasas WFO, Lebepe-Mazur S, Swanevelder S, Vessey
CJ, Hall PDLM (2002) Interaction of fumonisin B1 and aﬂatoxin B1 in a
short-term carcinogenesis model in rat liver. Toxicology 171, 161–173.
doi:10.1016/S0300-483X(01)00573-X
Hagawane SD, Shinde SB, Rajguru DN (2009) Haematological and blood
biochemical proﬁle in lactating buffaloes in and around Parbhani city.
Veterinary World 2, 467–469.
Hayes JD, Judah DJ, Mclellan LI, Neal GE (1991) Contribution of the
glutathione s-transferases to the mechanisms of resistance to aﬂatoxin
B1. Pharmacology & Therapeutics 50, 443–472. doi:10.1016/0163-72
58(91)90053-O
Judah DJ, Hayes JD, Yang JC, Lian LY, Roberts GCK, Farmer PB, Lamb JH,
Neal GE (1993) Research Communication: a novel aldehyde reductase
with activity towards a metabolite of aﬂatoxin B1 is expressed in rat
liver during carcinogenesis and following the administration of an antioxidant. Biochemical Journal 292, 13–18.
Kuilman MEM, Maas RFM, Fink-gremmels J (2000) Cytochrome P450mediated metabolism and cytotoxicity of aﬂatoxin B1 in bovine
hepatocytes. Toxicology In Vitro 14, 321–327. doi:10.1016/S0887-23
33(00)00025-4
McKenzie RA, Blaney J, Connole D, Fltzpatrlck LA (1981) Acute
aﬂatoxicosis in calves fed peanut hay. Australian Veterinary Journal
57, 284–286. doi:10.1111/j.1751-0813.1981.tb05816.x
Nabney J, Burbage MB, Allcroft R, Lewis G (1967) Metabolism of aﬂatoxin
in sheep: excretion pattern in the lactating ewe. Food and Cosmetics
Toxicology 5, 11–17. doi:10.1016/S0015-6264(67)82880-3

Carry-over of aﬂatoxinM1 into buffalo urine

Animal Production Science

Pereyra MLG, Carvalho ECQ, Tissera JL, Keller KM, Magnoli CE, Rosa
CAR, Dalcero AM, Cavaglieri LR (2008) An outbreak of acute
aﬂatoxicosis on a chinchilla (Chinchilla lanigera) farm in Argentina.
Journal of Veterinary Diagnostic Investigation 20, 853–856. doi:10.11
77/104063870802000629
Pozzi CR, Correa B, Xavier JG, Direito GM, Orsi RB, Matarazzo SV (2001)
Effects of prolonged oral administration of fumonisin B1 and
aﬂatoxin B1 in rats. Mycopathologia 151, 21–27. doi:10.1023/A:101
0954119980
Rajmon R, Sedmikova M, Jilek F, Koubkova M, Hartlova H, Barta I,
Smerak P (2001) Combined effects of repeated low doses of aﬂatoxin
B1 and T-2 toxin on the Chinese hamster. Vet. Med.- Czech 46,
301–307.
Stubbleﬁeld RD, Shotwell OL, Richard JL, Pier AC (1981) Transmission and
distribution of aﬂatoxin in contaminated beef liver and other tissues.
Journal - Association of Ofﬁcial Analytical Chemists 64, 964–968.

Stubbleﬁeld RD, Pier AC, Richard JL, Shotwell OL (1983) Fate of
aﬂatoxins in tissues, ﬂuids and excrements from cows dosed orally
with aﬂatoxin B1. American Journal of Veterinary Research 44,
1750–1752.
Sultana N, Hanif NQ (2009) Mycotoxin contamination in cattle feed and
feed ingredients. Pakistan Veterinary Journal 29, 211–213.
Tchana AN, Moundipa PF, Tchouanguep FM (2010) Aﬂatoxin
contamination in food and body ﬂuids in relation to malnutrition and
cancer status in Cameroon. International Journal of Environmental
Research and Public Health 7, 178–188. doi:10.3390/ijerph7010178
Truckness MW, Richard JL, Stoloff L, McDonald JS, Brumley WC (1983)
Absorption and distribution patterns of aﬂatoxicol and aﬂatoxin M1 and
M1 in blood and milk of cows given aﬂatoxin B1. American Journal of
Veterinary Research 44, 1753–1756.
Zhu JQ, Zhang LS, Hu X, Wiao Y, Chen JS, Xu YC, Fremy J, Chu FS (1987)
Correlation of dietary aﬂatoxin B1 levels with excretion of aﬂatoxin M1
in human urine. Cancer Research 47, 1848–1852.

www.publish.csiro.au/journals/an

View publication stats

1675

