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Investigation of the Relationship between Milk Aflatoxin M1
Levels and Serum Oxidative Stress Levels of Honamli Goats
from Two Different Herds Grazing on Grasslands Near and
Far from the District Waste Disposal Area

In this study, a total of 40 lactating Honamli goats aged 2-4 years in two different herds grazing on
grasslands close to the district waste disposal center (Group 1; n=20) and far from the district
waste disposal center (Group 2; n=20) were evaluated. Aflatoxin M1 (AFM1) levels were
determined from milk serum samples of the goats. Total oxidant levels (TOS), total antioxidant
levels (TAS), oxidative stress indices (OSI), and serum haptoglobin (Hp) levels were determined
from blood serum samples of the goats. According to the findings, statistically significant
differences (P<0.001) were determined in the comparison of AFM1, TAS, TOS, OSI and Hp values
between groups. In correlation findings, a moderately significant positive correlation was found
between AFM1, TAS and Hp values. In addition, a moderately significant negative correlation was
found between AFM1, TOS and OSI values. As a result, it has been observed that the proximity of
pastures to waste disposal centers has an effect on AFM1 levels, and AFML1 levels also affect
serum TAS, TOS, OSI and Hp levels. For this reason, the edges of waste disposal centers that
contain toxic and moldy products and are the source of AFM1 should be closed with wire mesh to
prevent animals from grazing in such areas.

Key Words: AFM1, haptoglobin, goat, OSI, TAS, TOS, toxication

lige ¢6p Atim Alanina Yakin ve Uzak Otlaklarda Otlatilan iki Farkh Siiriideki
Honamli Irki Kegilerin Siit Aflatoksin M1 Seviyeleri ile Serum Oksidatif Stres
Diizeyleri Arasindaki lligkinin Arastiriimasi

Bu ¢alismada, ilge ¢op atim merkezine yakin (Grup 1; n=20) ve ilge ¢op atim merkezine uzak (Grup
2; n=20) otlaklarda otlatilan iki farkh siride bulunan ve yaslar 2-4 yas arasinda degisen toplam 40
adet laktasyondaki Honamli irki kegi degerlendirildi. Kegilerin siit serumlarindan Aflatoksin M1
(AFM1) seviyeleri belirlendi. Kan serum o6rneklerinden ise, total oksidan seviyeleri (TOS), total
antioksidan seviyeleri (TAS), oksidatif stres indeksleri (OSI), ve serum haptoglobin (Hp) seviyeleri
belirlendi. Bulgularda; AFM1, TAS, TOS, OSI ve Hp degerlerinin gruplar arasi karsilastirimasinda
istatistiksel olarak anlamli farkhlik (P<0.001) belirlendi. Koreleasyon bulgularinda ise; AFM1, TAS
ve Hp degerleri arasinda pozitif ydonde orta diizeyde anlamli bir iligki bulundu. AFM1, TOS ve OSI
degerleri arasinda ise negatif yonde orta dizeyde anlamli bir iliski bulundu. Sonug olarak otlaklarin
¢O6p atim merkezlerine olan yakinliginin AFM1 diizeyi lizerinde etkili oldugu, AFM1 seviyelerinin de
serum TAS, TOS, OSI ve Hp seviyelerini etkiledigi gorilmustir. Bu nedenle toksik ve kiflenmis
aranler bulunan ve AFM1 kaynagdi olan ¢6p atim merkezlerinin kenarlarinin tel érgu ile kapatilarak
hayvanlarin bu vb alanlarda otlatiimasi engellenmelidir.

Anahtar Kelimeler: AFM1, haptoglobin, kegi, OS/, TAS, TOS, toksikasyon

Introduction

Aflatoxins are toxic, mutagenic, teratogenic and carcinogenic fungal metabolites
synthesized by Aspergillus (A.) flavus, A. parasiticus, A. nomius and some other A.
penicillium and Rhizopus species under suitable temperature and humidity conditions
(1-3).

Especially the toxins produced by A. flavus and A. parasiticus play an extremely
important role in the formation of human and animal diseases. A. flavus produces only
aflatoxin B1 (AFB1) and aflatoxin B2 (AFB2) A. parasiticus is responsible for the
production of, AFB1, AFB2, aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2) (4).

Apart from AFB1, AFB2, AFG1 and AFG2, there are two more important aflatoxin
derivatives called aflatoxin M1 (AFM1) and aflatoxin M2 (AFM2). When lactating
animals consume feed contaminated with AFB1, it AFB1 is converted into a
hydroxylated form called AFM1, a cytotoxic and genotoxic substance. AFB1 is
biotransformed into AFM1 by hepatic microsomal cytochrome P450. AFM1 was isolated
in milk and urine as a result of AFB1 contamination of feed used in feeding mammals in
lactation period. AFM1 was isolated in milk and urine as a result of AFB1 contamination
of feed used in feeding mammals in lactation period (5).
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Aflatoxins absorbed from the gastrointestinal tract
are transported by serum albumin. They are mainly
localized in the liver and soft tissues. After they settled,
they cause serious toxicity by inhibiting DNA, RNA and
protein synthesis in that region, reducing the efficiency of
various enzymes in the region, and completely crashing
glucose metabolism. In addition, they act by inhibiting
the lipid synthesis formed, including triglycerides,
cholesterol esters, phospholipids and free fatty acids.
They also affect coagulation factor inhibition (6).

Oxidants and antioxidants are active oxygen
derivatives of free radicals in the organism. There is a
balance between oxidants and antioxidants (7).
Infections, inflammation, malabsorption, stress, heavy
exercises, metabolic problems and environmental
factors prevent the intake of antioxidants. As a result,
this balance is disrupted in favor of oxidants and cellular
damage occurs in living organisms. This situation is
expressed as oxidative stres (8, 9). Free radicals, a
reactive molecule, are formed during the conversion of
nutrients into energy using oxygen. Reactive oxygen and
nitrogen species are among these reactive molecules.
Reactive molecules damage the cell components such
as nucleic acid, protein, carbohydrate and lipid (10, 11).
Various defense mechanisms develope in the organism
to prevent the damage of free radicals to the cellular
structures by reactive molecules. These mechanisms
are called antioxidant defense systems. Oxidative stress
is responsible for the pathogenesis of various diseases.
It is known as a part of cellular and molecular tissue
damage of living organism (12). Total antioxidant
capacity (TAS) and total oxidant status (TOS) are
frequently used to determine oxidative stress in
ruminants (9, 10, 13, 14).

Acute phase response (APR) is a non-specific
reaction that occurs shortly after tissue damage due to
infective, immunological, neoplastic, traumatic, parasitic
or other causes (15). APR is stimulated by
proinflammatory cytokines such as interleukin 1 (IL-1),
interleukin 6 (IL-6) and tumor necrosis factor - (TNF)
released from activated leukocytes in the area of tissue
damage (16, 17). These cytokines are known to be
responsible for the primary response management in
infectious diseases and inflammation (18, 19).

Haptoglobin (Hp) is an important acute phase
protein in ruminants (18, 20, 21). Hp is used to evaluate
the inflammatory response in many inflammatory
diseases (Mastitis, pneumonia, enteritis, peritonitis,
endocarditis, abscess and endometritis, etc.) and other
natural or experimental infections in cattle (20, 22). Hp
are also elevated in some conditions that are not
associated with inflammation or tissue damage. For
example, Hp concentration may increase in cattle with
fatty liver syndrome, fasting and dexamethasone
treatment, and stress during transportation (20, 23).

Aflatoxins have a wide range of toxic effects on the
health of humans and animals (24). One of these effects
is hepatotoxicity on the liver. It is thought that
hepotoxicity caused by aflatoxins in liver cells is due to
peroxidative damage by producing reactive oxygen (25).
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Waste disposal centers are generally established in
mountainous and forested areas outside the city centers,
which are far from people. However, these areas are
very close to the wild nature and to the pastures of goats
that graze freely in nature. It is inevitable that aflatoxins,
the main source of which are moldy and spoiled foods,
are high in waste disposal areas. These foods found in
landfills are consumed by goats, who are curious for
interesting objects. For this reason, in this study, it was
determined whether feeding animals in nearby waste
disposal centers increases aflatoxin exposure, as well as
the extent to which aflatoxins cause oxidative stress in
animals and how they affect the acute phase response.

Materials and Methods

This study is subject to the permission of Burdur
Mehmet Akif Ersoy University Animal Experiments Local
Ethics Committee dated 14.04.2021 and numbered
88/749.

In this study, a total of 40 lactating Honamli goats
at 2-4 years old from two different herds grazing on
grasslands close to the district waste disposal area
(Group 1; n=20) and grazing far from the district waste
disposal area (Group 2; n=20) were evaluated. AFM1
levels were determined from milk serum of goats. TOS,
TAS, oxidative stress indices (OSI) and Hp levels were
determined from blood serum samples. Fifteen milliliter
(mL) milk samples were taken from each goat into falcon
tubes. 8.5 mL blood samples were also taken from the
jugular vein of the animals into vacuuumed tubes with
gel. In order to obtain the serum from the clotted blood, it
was centrifujed at 3000 rpm for 10 minutes and the
serum was extracted. The milk serum was extracted by
applying centrifugation (3500 rpm/10 min) to the milk
samples. Both serum samples were stored at -20°C
until the ELISA test was performed.

AFM1 levels were determined with a commercial
ELISA kit (ELABSCIENCE KA36762ETS EO0099Go0)
according to the procedure of this kit. TAS and TOS
were determined using Erel's (26, 27) methods. The
formula [TOS (umol H20; equivalent/L)/10 x TAS (mmol
Trolox equivalent/L)] was used to determine OSI (28).
Hp levels were determined using the ELISA kit (BT
E0099Go) .

Statistical Analysis: IBM SPSS 22.0 for Windows
package program was used for statistical analysis of
study data. The normal distribution of the groups in the
analyzes was evaluated by using the Shapiro-Wilk test.
Since the data were not normally distributed, Mann
Whitney-U Test, one of the Non-Parametric tests, was
used in paired group comparisons. Spearman correlation
analysis was used to determine the relationship between
the parameters because the data were not normally
distributed.

Results

There was a statistically significant difference
(P<0.05) in the mean AFM1 values between Groups 1
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and 2, which were found to be 31.214+5.00 ng/L and
24.66+4.76 ng/L, respectively.

There was a statistically significant difference
(P<0.05) in the mean Hp values between Groups 1 and
2, which were found to be 188.62+137.75 yg/mL and
64.45+35.49 pg/mL, respectively. There was a
statistically significant difference (P<0.05) in the mean
TAS values between Groups 1 and 2, which were found
to be 1.94+0.36 mmol/L and 1.45+0.09 mmol/L,
respectively. There was a statistically significant
difference (P<0.05) in the mean TOS values between
Groups 1 and 2, which were found to be 2.22+1.27
pmol/L and 3.42+0.88 pmol/L, respectively. There was a
statistically significant difference (P<0.05) in the mean
OSI values between Groups 1 and 2, which were found
to be 0.11+0.06 arbitrary units and 0.23+0.067 arbitrary
units, respectively. (Table 1). In correlation findings; a
moderately significant positive correlation was found
between AFM1 and Hp values (r= 0.529; P<0.001). A
moderately significant positive correlation was found
between AFM1 and TAS values (r= 0.425; P= 0.006). In
addition, a moderately significant negative correlation
was found between AFM1 and TOS values (r= -0.517;
P<0.001). A moderately significant negative correlation
was found between AFM1 and OSI values (r= -0.613;
P<0.001). A moderately significant positive correlation
was found between TAS and Hp values (r= 0.461;
P=0.003). In addition, a moderately significant negative
correlation was found between TAS and TOS values (r=
-0.452; P= 0.003). In addition, a highly significant
negative correlation was found between TAS and OSI
values (r= -0.711; P<0.001). A moderately significant
negative correlation was found between Hp and TOS
values (r= -0.497; P<0.001). A moderately significant
negative correlation was found between Hp and OSI
values (r= -0.631; P<0.001). A highly significant positive
correlation was found between TOS and OSI values
(r=0.915; P<0.001) (Table 1).
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Table 1. AFM1, Hp, TAS, TOS and OSI levels

Groupl Group 2
Parametres (n=20) (n=20) p
xtsd xtsd
AFML1 [(ppt)-ng/L] 31.21 +£5.00 24.6614.76 <0.001
Hp (mg/L or pg/mL) 188.62+137.75 64.45£35.49  <0.001
TAS (mmol/L) 1.94+0.36 1.45+0.09 <0.001
TOS (umol/L) 2.2241.27 3.42+0.88 <0.001
OSiI (arbitrary unit) 0.11+0.06 0.23+0.067 <0.001

Group 1: Grazing on grasslands close to the district waste
disposal area. Group 2: Far from the district waste disposal
area. AFM1: Aflatoxin M1. TOS: Total oxidant levels. TAS: Total
antioxidant levels. OSI: Oxidative stress indices. Hp:
Haptoglobin.

Discussion

Mycotoxins are secondary metabolites of various
fungi that have toxic effects on humans and animals and
its effects are called "mycotoxicosis". The severity of
mycotoxicosis also varies depending on factors such as
age, gender, nutritional status in organisms exposed to
this toxin (29). Among the studies on mycotoxins,
aflatoxins take the first place which are known to have
very strong hepatotoxic effects. They are mostly
synthesized by A. flavus, A. nomius, A. parasiticus, A.
bombycis and A. pseudotamarii (2-4). Mean and
standard deviation (meanzstandard deviation) AFM1
levels in goat milk according to country is 14.5+8.4 ng/L
in ltaly (30), 19£13.8 ng/L in Syria (31), in Pakistan
2.045.0 ng/L (32), 31.8413.7 ng/L in Iran (33), 7.6+8.94
ng/L in Croatia (34). Ozdemir et al. (35) reported that the
mean and minimum-maximum (mean (min-max)) AFM1
concentration in goat milk was 19.23 (5.16-116.78) ng/L
in March and April in goat breeding enterprises in Kilis
province. Karadal et al. (36) determined that mean (min-
max) AFM1 concentration in goat milk was 3.07 (0.33-
11.79) ng/L in goat breeding enterprises in Nigde
province.

Table 2. Correlation findings between AFM1, Hp, TAS, TOS and OSI levels

AFM1 TAS TOS oSl
Spearman 1.000 0.529" 0.425" -0.517" -0.613"
AFM1 Correlation
Sig. (2-tailed) 0.006 0.001 0.000
Correlation " " " -
Hp Confficiont 0.529 0.461 -0.497 -0.631
Sig. (2-tailed) 0.000 0.003 0.001 0.000
Correlation 0.425" 0.461" 1.000 -0.452" -0.711"
TAS Coefficient
Sig. (2-tailed) 0.006 0.003 0.000
Correlation " - - -
108 Confficiont -0.517 -0.497 -0.452 1.000 0.915
Sig. (2-tailed) 0.001 0.003 . 0.000
Correlation -0.613" -0.631" -0.711" 0.915" 1.000
oSl Coefficient
Sig. (2-tailed) 0.000 0.000 0.000 .

AFM1: Aflatoxin M1, TOS: Total oxidant levels, TAS: Total antioxidant levels, OSI: Oxidative stress indices, Hp: Haptoglobin

* Statistically significant correlation is found
** Statistically significant correlation is found
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In our study, the AFM1 concentration was found to
31.21+5.00 ng/L in the Group 1, and 24.66+4.76 ng/L in
the Group 2. In also in our study, samples were taken in
(April). Age-related changes were taken into account,
therefore, healthy goats in lactation were selected in the
close age range. Therefore, the changes that would
occur due to these factors have been eliminated.
Considering the nutritional status, the both groups of
animals are given ground barley and then grazed in the
bush. While the animals in Group 1 are grazed in the
bush area close to the district waste disposal area, the
animals in Group 2 are grazed in the normal bush area.
Considering this information; it was observed that the
AFM1 concentration in the milk of the goats in Group 1
was significantly higher (P<0.001) compared to the
goats in Group 2. This situation believed to be
associated with the consumption of mycotoxins
produced by molds growing on the discarded food
wastes. There are six types of aflatoxins: B1, B2, G1,
G2, M1 and M2 (37). and they are listed as AFB1 >
AFG1 > AFB2 > AFG2 in terms of toxic effect. AFM1 and
AFM2 are toxic metabolites of AFB1 and AFB2,
respectively. Excretion occurs during lactation in animals
fed with aflatoxins contaminated feed. This excretion
occurs in the form of AFM1 and AFM2. In the studies, a
linear relationship was found between the rate of AFB1
consumed by the animal and the rate of AFM1 excreted
from its milk (38, 39). It varies according to the breed of
animal, milking period, milking interval and time. It has
been reported that approximately 0.3-6.2% of AFB1 in
milk is metabolized to AFM1 (40). Feeding the offspring
with milk and dairy products containing AFM1 can cause
serious problems (14, 41, 42). In the present study,
AFML1 levels were determined especially in milk due to
the above concerns. Aflatoxin has been found in the
ruminants milk and poultry eggs which were fed with
aflatoxin-contaminated feeds (43). When feeds
containing aflatoxin is taken into the gastrointestinal
tract, it is converted to partially water-soluble conjugation
products by the rumen microflora in the digestive tract of
ruminants. They are easily absorbed and transported
with a significant amount of serum albumin. It is
distributed to soft tissues, mainly to liver. Aflatoxins in
the circulating blood are highly retained in the liver.
While some of the aflatoxins in the liver combine to large
molecules such as hepatocytes, DNA, the binding
surfaces of endoplasmic steroids and enzymes, another
part is converted into oil- and water-soluble aflatoxins
P1, Q1, B2a, aflatoxicol M1 and M2 in forms and rates
that differ according to species. The shaped metabolism
products are mostly excreted with bile (44). Aflatoxins
are also metabolized by the urinary system. In most of
the animal species, 50% of the amount excreted is with
biliary secretion, while the amount removed by urinary
elimination is about 15-25% (45). In the present study,
low level of AFM1 was also observed in the animals
grazed on the normal pasture and given the barley
crumb, compared to the animals grazing on the edge of
the waste, which indicates that aflatoxin can be seen in
normal pasture as well. In addition, it was thought that
the source of this low aflatoxin might be caused by
cracking barley. Mortality rates from aflatoxicosis are
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reported to vary between 39% and 50%. Aflatoxicosis
can be defined as acute or chronic due to aflatoxin’s
dose and exposure time (46-48). The main toxic effects
that occur in acute overdose exposure are
hepatotoxicity, nephrotoxicity and sometimes death. In
chronic exposure, genotoxicity, carcinogenicity and
reproductive disorders are encountered (49). Animals
such as ducks, sheep, turkeys, dogs, pigs and rats are
most susceptible to AFB1. Monkeys, chickens, mice and
ruminants are more resistant to AFB1 (50).

Regarding the immunostimulatory effects, there is
an increasing evidence that aflatoxins elicit a biphasic
immune response with a stimulating effect in the first
phase and a suppressive effect in the second phase
(51). According to Valtchev et al. (52), short-term
exposure to low-dose aflatoxins stimulates the immune
system, while prolonged exposure to high doses shows
immunosuppressive effects. For example, upregulation
of the expression of toll-like receptors has been
observed in different immune cells in different organs
when exposed to very low levels of aflatoxin. Cytokines
are stimulated in response to aflatoxin exposure (50).
With the stimulation of cytokinin, an acute phase
response develops and leads to the formation of acute
phase proteins. Hp is one of these acute phase proteins.
In inflammatory conditions, stress, tissue damage, and
some non-tissue damage-related conditions are also
increased (23, 53, 54).

In studies on Hp in goats, Hp values vary according
to the measurements made with different ELISA Kits.
(19, 55-58) It is also noteworthy that the heights in the
standard deviation values of Hp values (55, 56).
Gonzalez et al. (55) reported that the mean and
standard deviation values in healthy goats were 89+105
pMg/mL. As it can be seen, the standard deviation value
of the Hp value is higher than the mean and shows
serious variability. In addition, in the same study, it was
noted that the Hp value increased up to 4 times due to
the disease (55). For this reason, comparison between
groups would be more appropriate instead of
comparison with reference values in goats. In the light of
this information in our study, the Hp value was found to
be 188.62+137.75 pyg/mL in the group with high AFM1
level, and 24.66+4.76 pg/mL in the group with low AFM1
level. In addition, a moderately significant positive
correlation was found between AFM1 and Hp values
(r=0.374; P=0.017). It can be seen from the results that,
as AFM1 increases, acute phase response develops,
and Hp value increases.

Free Radicals are reactive molecules containing
one or more unpaired electrons in their outermost
orbitals. Radicals containing oxygen in their main
skeleton are called free oxygen radicals (59). Free
radicals are produced in physiological amounts in all
living cells. When they are overproduced, they cause cell
and tissue damage. These effects of free radicals are
eliminated by some enzymes and molecules called
antioxidants. Oxidative stress is occur due to an
imbalance between the production of free oxygen
radicals and their elimination by antioxidants. Free
radical reactions cause oxidation of lipids, proteins and
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polysaccharides and DNA damage, which has significant
toxic biological effects (7, 60, 61).

TOS can be used as an indicator for oxidants
produced by the organism and taken up by
environmental factors (62). It is reported that TOS levels
will increase in inflammatory diseases (10). OSl is a key
factor in determining oxidative stress (41). Various
studies have been conducted to evaluate OSI in the
determination of oxidative stress in farm animals. As a
result of these studies, it has been reported that OSI
values increase significantly in diseases where oxidative
stress occurs (63).

Antioxidants serve to protect cells from the
destructive effects of oxidative stress. Considering the
abundance of antioxidant substances and pathways; in
the prevention of oxidative stress and in determining the
overall antioxidant capacity, determining the quantitative
antioxidant power or TAS level in biological samples is a
serious point. Antioxidative status evaluation can also be
done by measuring TAS levels (7). Antioxidants
neutralize free radicals and protect the body against
oxidative stress. The level of antioxidants decreases
during oxidative stress (7, 10, 63).

TAS value in healthy goats ranges from 1.18 to
1.79 mmol/L (64). In our study, the TAS value was found
to be 1.94+0.36 mmol/L in the group with high AFM1
level, and as 1.45+0.09 mmol/L in the group with low
AFML1 level. In addition, a moderately significant positive
correlation was found between AFM1 and TAS values
(r=0.320; P=0.044).

The TOS value in healthy goats ranges from 1.05
to 1.36 mmol/L (64). In our study, the TOS value was
found to be 2.02+1.31 mmol/L in the group with high
AFM1 level, and 3.42+1.11 mmol/L in the group with low
AFM1 level. In addition, a moderately significant
negative correlation was found between AFM1 and TOS
values (r=-0.388; P=0.013).

In our study, the OSI value was found to be
0.10+0.07 in the group with high AFM1 level, and
0.23+0.080 in the group with low AFM1 level. In addition,
a moderately significant negative correlation was found
between AFM1 and OSI values (r= - 0.419; P= 0.07).

Radical damage that frequently occurs in the
organism is lipid peroxidation. Fat radicals are formed as
a result of the separation of a hydrogen from fatty acids
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