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ABSTRACT

This study was planned to investigate the effect of zearalenone (ZEA), deoxynivalenol (DON) and Fumonisin B1 (FB1)
on blood metabolites, milk yield, estrous activity, pregnancy rate and uterine health in 486 heads of Holstein dairy cows.
For this purpose, the data collected from the animals were divided into the four periods as follows: feeding with non-
contaminated diet for 30 days (pre-contamination period), contaminated diet for 60 days (contamination period),
contaminated diet supplemented with mycotoxin adsorbent for 30 days (adsorbent period) and the diet after removing the
contaminated feedstuffs for 30 days (non-contamination period). Each feedstuff was analysed in contamination period
and at the beginning of the non-contamination period to determine the presence or absence of ZEA, DON and FBI1 in the
diet. The blood metabolic profile was assessed in 21 animals in 1-10 days in milk, selected through cluster random
sampling method while milk yield, estrous activity, pregnancy rate and prevalence of metritis/endometritis were
compared among all four periods. The milk yield (P<0.001) and milk fat (P<0.05) in the contaminated period were low
as compared to other periods. The concentrations of beta-hydroxybutyric acid (p<0.001), non-esterified fatty acids
(P<0.05), gamma-glutamyl transferase (P<0.05), and blood urea nitrogen (P<0.001) parameters were significantly
higher, while the glucose (P<0.001) and triglycerides (P<0.05) were lower in the contamination period, as compared to
adsorbent and non-contamination periods. The pregnancy rate through artificial insemination decreased significantly
during the contamination period (P<0.05) as compared to pre-contamination period. The overall pregnancy rate in the
pre-contamination period was also significantly decreased as compared to the adsorbent and non-contamination periods
(P<0.001). The percentage of type III anestrus were significantly lower during the non-contamination period (P<0.05).
The percentages of cows with metritis during the non-contamination period was significantly lower (p<0.05) as
compared to the contamination period. It was concluded that the routine feed analysis was necessary to determine the
presence of ZEA, DON and FB1. Moreover, mycotoxin binder supplementation and/or removing contaminated
feedstuffs from the diet under mycotoxicosis conditions may prevent the severe negative energy balance and improve the
milk yield and fertility parameters.
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INTRODUCTION highly sensitive to the toxic effects of mycotoxins
(Buszewska-Forajta, 2020). So far approximately 400

Mycotoxins are synthesized by microfungi and mycotoxins have been discovered, many of which are yet

are of crucial importance in food chains, not only for to be investigated in detail, and some have received more
their ability to severely threaten human and animal attention for their economic and toxicological attributes
health, but also for the economic losses to livestock than others (Buszewska-Forajta, 2020). Farm anima1§ are
industries (Buszewska-Forajta, 2020; Yang et al., 2020). mostly exposed to more than one mycotoxin (Klaric er
Indeed, farm animals are considered to be at much higher al., 2009). The combination of different mycotoxins can
risk of exposure to mycotoxins than humans (Rodrigues show either synergistic (Buszewska-Forajta, 2020) or
and Naehrer, 2012). It has been shown that poultry, pigs antagonistic interactions (Yang et al., 2020). Fusarium
(Dénicke and Winkler, 2015), horses and carnivores are mycotoxins, trichothecenes, ~deoxynivalenol (DON),

fumonisins and zearalenone (ZEA), all have been shown
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to affect livestock health (Zain, 2011) and are of special
interest in animal nutrition, since they often co-occur in
feedstuffs (Minervini and Dell’ Aquila, 2008).

It is generally believed that ruminants have
lower susceptibility to mycotoxicosis, and they are less
sensitive to mycotoxins due to the metabolization,
deactivation and total degradation of toxins by microbiota
in the rumen. Since the occurrence of side effects of
mycotoxins mostly depend on the exposure time and dose
of the toxin, as well as the health status of the animal
(Buszewska-Forajta, 2020), many dairy farmers believe
that ruminal flora is strongly capable of detoxifying
mycotoxins, therefore the negative effects of mycotoxins
are largely ignored (Rodrigues, 2014). However, feeding
and management strategies of high-yielding cows can
reverse the above mentioned-phenomena. According to
Rodrigues (2014), genetic selection of dairy cows;
feeding with complex diets; changes in the cleavage
capacity of rumen flora due to feed composition with a
high percentage of protein-rich concentrates; maintaining
or increasing biological activity of mycotoxin
metabolites; decreases in the toxin degrading capacity of
rumen due to impairment of the rumen flora; and,
predisposition of metabolic diseases and negative energy
balance, all enhance the sensitivity of ruminants to
exposure of feeds contaminated with mycotoxins. In
Turkiye, dairy breeders are typically required to use high
concentrate diets for high yielding cows to meet their
high energy and protein requirements due to the
properties of the forage which is less digestible and has
high NDF (Neutral Detergent Fiber) content. High
concentrate diets contain an abundance of starch which is
known to disrupt rumen fermentation kinetics. Thus,
ruminants are more susceptible to fumonisins present in
corn grain, and/or corn industry by-products.

It is hypothesized that diets containing high
concentrate to meet energy requirements of ruminants
can lead to higher levels of mycotoxin in the rumen
which can impair the rumen flora, consequently
decreasing performance parameters. Moreover, little is
known about the effect of naturally contaminated diets
with multiple fumonisins on reproduction, even if the
cows are fed a non-contaminated diet. Therefore, this
study aimed to present, the detection process of feed-
borne mycotoxins, the metabolic profile data of cows fed
a diet naturally contaminated with DON, ZEA and
fumonisins, added to a mycotoxin-adsorbent or non-
contaminated diet and to determine milk yield and
fertility performance in dairy cows exposed to these
mycotoxins.

MATERIALS AND METHODS

Animals and diets: The data was obtained from 486
Holstein dairy cows in milk which were housed in a
commercial dairy farm in Turkiye. The cows were
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housed in free stall barn which had rubber bedding
material and were divided into paddocks according to
their daily milk yield. Average daily milk production was
30.50 kg with 189 average days in milk (DIM). The cows
producing up to 35 kg a day were milked twice daily,
whereas animals producing above 35 kg were milked
thrice daily. The voluntary waiting period was 53 DIM.
Artificial insemination was performed based on
synchronization protocols or standing heat observation.
Dry matter intake (DMI) was calculated as the amount of
served feed minus the amount of residual feed and
recorded daily.

The average milk yield at the start of experiment
was 30.50 kg/day of the herd (the pre-contamination
period). The animals were fed with total mixed ration
(TMR) which were given at Table 1. However, it was
seen that the milk yield dramatically started to decrease
(final drop to 25.70 kg/day), after incorporation of the
new batch of feedstuffs purchased (corn grain, corn
gluten meal and dried distilled grain soluble) into the diet
without any change in the formulation. Hence, samples
were collected from the TMR including each feedstuff for
mycotoxin (DON, ZEA, fumonisin B; (FB;), fumonisin
Bs (FB»), HT-2 toxin (HT-2), T-2 toxin (T-2), Ochratoxin
A (OTA) and Aflatoxin B; (Afla B)) analysis to
determine the reasons beneath the sharp decline in milk
yield. When the presence of hazardous amounts of such
mycotoxins was diagnosed in feedstuffs, a mycotoxin
adsorbent (Mycofix Plus, Biomin GmbH, Austria) was
immediately added into the diet. It was determined that
the animals were exposed to the mycotoxin contaminated
feedstuffs for 60 days (the contamination period).
Therefore, it was determined that these contaminated
feedstuffs were (corn grain, corn gluten meal and dried
distilled grain soluble) purchased and added into the diet
60 days ago. This timeline of mycotoxin contamination
was in accordance with the sharp decrease in milk yield
of the herd. The animals were then fed a contaminated
diet supplemented with mycotoxin adsorbent for an
additional 30 days (the adsorbent period). Then, the
contaminated feedstuffs (corn grain, corn gluten meal and
dried distilled grain soluble) were removed from the diet.
The previously contaminated feedstuffs were rebought
from a different feed dealer and analysed for the
determination of the mycotoxin exposure. When the
mycotoxin analysis clarified that the feedstuffs were not
contaminated by mycotoxins, the newly purchased
feedstuffs were analysed for the nutrient composition.
The chemical analysis of the new feedstuffs showed that
feedstuffs had similar nutrient content with the removed
feedstuffs. Therefore, after this feedstuff substitution (the
non-contamination period), the diet formulation was not
changed. Therefore, 30 days before the animals were fed
the contaminated diet was accepted as the first day of the
study (Fig. 1).
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All diets were prepared as TMR and
administered twice a day (8:00-20:00). All animals were
fed the same diet throughout the study, as mycotoxin
exposure feedstuffs and their substitutes had similar
nutrient compositions. Formulation and chemical
composition of the diet is presented in Tables 1 and 2,
respectively. The portions of diets were above the animal
requirements (125% of the animal requirements
according to NRC (2001) in order to measure total dry
matter intake. Feed residuals were collected right before
the morning feeding and weighed. All feedstuffs were
sampled and TMR samples were taken weekly. Chemical
compositions of all samples were analysed according to
Weende analysis methods (crude protein, crude fat, crude
cellulose, crude ash and dry matter) (AOAC, 1990). Acid
Detergent Fiber (ADF) and Neutral Detergent Fiber
(NDF) contents of the feed samples were analysed
according to Van Soest ef al. (1991). Dietary contents of
al mycotoxins were analysed by a private laboratory
(Multimycotoxin method with HPLC-MS/MS and
isotopic labelled internal standards as described by the
“AD-SOP 317, Romer Labs Diagnostic GmbH, Tulln,
Austria).

Measurement of milk yield and milk composition and
metabolic profile: The individual milk yields of the
animals, which were taken from an automatic milking
system (DairyPlan, GEA, Germany), were recorded daily.
Moreover, the weekly measurement of routine milk
composition (fat, protein and lactose) was performed by
Milkoscan (FT-120, FOSS, Denmark). Blood samples
were collected from each of 21 animals in 10 days in
milk in all periods according to cluster random sampling
method (McDermott et al., 1994). Sera were harvested
from blood samples following the centrifugation at 5.000
rpm for 10 min. Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl
transferase (GGT), glucose, blood urea nitrogen (BUN),
total cholesterol (Chol) and triglycerides (Trig) were
analysed by the commercially available reagents of
Cobas Cl111 analyzer (Roche Diagnostic, Mannheim,
Germany). The serum concentrations of non-esterified
fatty acids (NEFA, #FA115, Randox Laboratories Ltd.,
Crumlin, UK) and beta hydroxybutyric acid (BHBA,
#RB1008, Randox Laboratories Ltd., Crumlin, UK) were
measured by ELISA (ChemWell, 2910, Awareness
Technology, Inc., Florida, USA).

Scanning of reproductive parameters: The herd was
examined by transrectal ultrasonography (6 MHz, DP 10,
Mindray, China) to detect the ovarian activity of cows
between 30 and 80 DIM and the pregnancy status
(pregnant or nonpregnant) in each of the contamination,
adsorbent and non-contamination periods. The artificial
insemination (Al) and the pregnancy rates at each period
including the pre-contamination period were recorded
and calculated via the data obtained from the herd
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management system (DairyPlan, GEA, Germany). During
each period, the follicles which were classified as
emergence (4 mm), deviation (9 mm) and ovulation
(variable, from 10 to 20 mm) and the presence or absence
of corpora lutea or cystic follicular structures, were
recorded. Then, the animals were re-monitored by
transrectal ultrasonography 10 days later. The cows were
diagnosed as cyclic and type I, I or III anestrus as
previously described by Peter ef al. (2009). The uterine
health status (healthy, clinical metritic or clinical
endometritic) of cows between 10 and 80 DIM was also
evaluated by clinical observation and transrectal
ultrasonography as mentioned elsewhere (Sheldon et al.,
2006).

Statistical Analysis: The distribution of normality of
data was evaluated by Shapiro-Wilk normality test. The
data regarding dry matter intake, milk yield, milk
composition, metabolic profile and biochemistry
parameters of the cows at the pre-contamination,
contamination, adsorbent and non-contamination periods
were evaluated for significance using one-way ANOVA
and Tukey’s test (SPSS 26.0). The differences between
percentages of pregnancy rate, pregnancy rate per Al,
inseminated cow rate, infected (metritic or endometritic)
or healthy cow rate, anestrus rate (Type I, II and III) and
cyclic cow rate were compared among those above-
mentioned periods using the chi-square test. Statistical
significance was set at P<0.05.

RESULTS

Mycotoxin content of the feedstuffs: The concentrations
of FB,, T-2, OTA and AflaB; of feedstuffs and TMR
were all determined at low-risk values, or were not
determined. However, corn and corn gluten displayed
high concentration of DON and ZEA, whereas these were
recorded in moderate concentrations in DDGS. TMR
showed detectable contents of mycotoxin such as DON,
FBi, FB; and Afla B; but the concentration of ZEA was
at high-risk level. Moreover, FB; was detected at
moderate risk level in corn and high risk level in corn
gluten, whereas DDGS showed moderate concentrations
of HT-2 (Table 3).

Dry matter intake and milk parameters: It was
observed that DMI measured during the contamination
period decreased significantly (P<0.001) as compared to
the pre-contamination period. However, it again
increased significantly in the adsorbent period and
remained unchanged during the non-contamination
period (Table 4). The milk yield of the herd fed the
contaminated diet (25.70 = 0.72 kg/day) was low
(P<0.001) as compared to data of animals obtained at pre-
contamination (30.50 + 0.48 kg/day), adsorbent (30.47 +
0.43 kg/day) or non-contamination periods (31.86 = 0.33
kg/day). Thus, there was a 15.73% decrease in milk yield



Uyarlar and Yilmaz

in the contamination period as compared to that pre-
contamination period. However, the milk yield did not
show any significant difference after the application of
the mycotoxin adsorbent or the removal of the
contaminated feedstuff when compared to the pre-
contamination period. The milk fat content of the animals
exposed to the contaminated diet (3.48 + 0.01%) was
lower (P<0.05) than that detected in animals in the pre-
contamination (3.62 £+ 0.03%), adsorbent (3.64 + 0.05%)
or non-contamination (3.64 + 0.06%) periods. However,
there were non-significant differences during pre-
contamination, adsorbent or non-contamination periods.
Similarly, milk protein and lactose contents did not differ
significantly among the four periods.

Metabolic blood profile: The concentrations of blood
BHBA (P<0.001), NEFA (P<0.001), AST (P<0.05), GGT
(P<0.001) and BUN (P<0.001) parameters were
significantly higher, while GLU and TRIG were lower, in
the animals fed the mycotoxin contaminated diet
(contamination period) than those detected in the animals
during the adsorbent and non-contamination periods
(Table 5). However, after supplementation of mycotoxin
adsorbent into the diet, these parameters did not show any
significant difference from the data obtained from
animals fed the uncontaminated diet. However, the
concentrations of ALT and CHOL did not differ between
animals fed all three diet regimens.

Reproductive parameters: The values for pregnancy
rate per Al, overall pregnancy rate and artificially
inseminated cow rate is given in Table 6. It can be seen
that the pregnancy rate per Al of the herd decreased
significantly from 47.60% during the pre-contamination
period to 24.60% during the contamination period
(P<0.05). Then, it non-significantly increased 35.50%
during the adsorbent period and reached the pre-
contamination level (48.80%) during the non-
contamination period (P<0.05). However, the overall
pregnancy rate observed during the pre-contamination
period (51.90%) decreased non-significantly to 47.20% in
the contamination period but significantly to 32.40% and
20.40% (P<0.001) during the adsorbent and non-
contamination periods, respectively. The proportion of
cows inseminated also differed during different periods:
the inseminated cow rate was lower in the contamination
(8.10%) and adsorbent (13.80%) periods as compared to
pre-contamination (14.50%) and non-contamination
(16.60%) periods (P<0.001).
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The distribution of cows diagnosed as type I, 11
anestrus and cyclic did not differ significantly between
periods. However, the percentage of cows categorized as
type III anestrus during the non-contamination (6.80%)
period was significantly lower (P<0.05) as compared to
contamination and adsorbent periods (Table 7). The
percentages of cows which were categorized as clinical
endometritic and healthy did not differ among
contamination, adsorbent and non-contamination periods.
Furthermore, the percentage of cows with metritis during
the non-contamination period did not differ from the
adsorbent period but it was significantly lower (p<0.05)
than that recorded during the contamination period (Table
7).

Table 1: Formulation of the experimental diet.

Feedstuff Amount (%)
Corn Silage 62.35
Alfalfa hay 12.92
Corn Grain 10.02
DDGS 4.12
Corn Gluten Meal 3.98
Cottonseed (Whole) 3.34
Sunflower Meal 1.78
Limestone 0.75
Sodium Bicarbonate 0.37
Salt 0.32
Premix! 0.05

Abbreviations: DDGS = Dried Distillers’ Grain Soluble (Corn);

I Premix composition in 1 kg; 3000000 IU of Vitamin A,
500000 IU of Vitamin D, 9000 mg of Vitamin E, 12000 mg of
Mn, 5000 mg of Fe, 50000 mg of Zn, 9000 mg of Cu, 400 mg
of I, 75 mg of Co, 250 mg of S.

Table 2: Chemical composition of the experimental

diet.

Nutrients Unit Level
Crude Protein (DM%) 16.18
Net Energy Lactation (Mcal/kg) 1.53
Ether Extract (DM%) 43
Crude Ash (DM%) 7.9
NDF (DM%) 33.72
ADF (DM%) 23.65
Ca (DM%) 0.55
Phosporus (DM%) 0.35

Abbreviations: NDF = Neutral Detergent Fiber; ADF = Acid
Detergent Fiber

Table 3: Feed-borne mycotoxin concentrations (ppb) in feedstuffs.

Feedstuffs Ref (ppb)
Toxins CG C DDGS S CGM CS A TMR Low Moderate High
DON 4167 Nd 1969 Nd 12073 152 Nd 945 <1000 1000-2000 >2000
ZEA 2092 Nd 128 Nd 1804 49.6 Nd 200 <100 100-200 >200
FB: 1217 Nd 518 Nd 3629 122 Nd 210 <1000 1000-3000 >3000
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FB> 296 Nd 612 Nd 983 Nd Nd 512 <1000  1000-3000  >3000
HT-2 19.2 Nd 120 Nd  Nd 66.8 Nd  Nd <100 100-800 >800
T-2 11.6 Nd 705 Nd  Nd Nd Nd  Nd <100 100-800 >800
OTA Nd Nd 3.1 3.1 Nd Nd Nd  Nd <100 100-300 >300
AflaB; Nd Nd  Nd Nd  0.62 Nd Nd  0.62 <5 5-20 >20

Abbreviations: DON = deoxynivalenol; ZEA = zearalenone; FB1 = fumonisin Bi; FB2 = fumonisin B2; HT-2 = HT-2 toxin; T-2 = T-2
toxin; OTA = Ochratoxin A; Afla B1 = Aflatoxin Bi; CG = corn grain; C = cottonseed (whole, delinted); DDGS = dried distillers’
grain soluble; S = sunflower meal; CGM = corn gluten meal; CS = corn silage; A = alfalfa; TMR = total mix rations; Nd = not
determined

Table 4: Dry matter intake (kg/day), milk yield (kg/day) and milk composition (%) (fat, protein and lactose)
measured at pre-contamination, contamination, adsorbent and non-contamination periods.

Mycotoxin exposure periods

Parameter Pre-contamination = Contamination Adsorbent Non-contamination P-value
Dry Matter Intake (kg/d) 23.88+0.22% 20.59+0.15° 23.05+0.24? 24.18+0.24 0.000
Milk yield (kg/d) 30.50+:0.48?2 25.70+0.72° 30.47+0.432 31.86+0.33¢ 0.000
Milk fat (%) 3.62+0.03? 3.48+0.01° 3.64+0.05 3.64+0.06* 0.011
Milk protein (%) 3.21+0.02 3.19+0.04 3.20+0.03 3.21+0.04 0.995
Milk lactose (%) 4.62+0.02 4.63+0.03 4.65+0.02 4.63+0.04 0.868

b Values within a row with different superscripts differ significantly at P<0.05.

Table 5: The concentrations of blood beta-hydroxy butyric acid (mmol/L), non-esterified fatty acid (mmol/L),
aspartate amino transpherase (U/L), alanine transpherase (U/L), gamma glutamile transpherase (U/L),
glucose (mg/dL), blood urea nitrogene (mg/dL), cholesterol (CHOL) and triglycerides (TRIG) of the
animals fed by contaminated and mycotoxin adsorbent supplemented and non-contaminated diets (mean

+ SEM).
Mycotoxin exposure periods
Parameter Contamination Adsorbent Non-contamination P-value
BHBA (mmol/L) 1.190+0.12¢ 0.720+0.04° 0.500+0.06° 0.000
NEFA (mmol/L) 0.950+0.13% 0.500+0.18° 0.310+0.16° 0.000
AST (U/L) 122.48+6.222 105.32+4.25b 98.14+5.05° 0.048
ALT (U/L) 38.65+2.28 28.47+1.13 29.334+2.09 0.635
GGT (U/L) 48.87+2.21° 30.81+3.23 33.7443.79° 0.000
GLU (mg/dL) 44.25+2.78? 60.87+4.65° 64.56+3.36° 0.000
BUN (mg/dL) 19.25+3.55% 11.1542.58b 12.32+0.45° 0.000
CHOL (mg/dL) 178.89+19.86 205.82+8.78 200.00+12.12 0.059
TRIG (mg/dL) 6.89 + 2.35° 13.75+1.17° 15.49 + 2.68° 0.025

Abbreviations: HBA = Beta-hydroxy butyric acid; NEFA = Non-esterified fatty acid; AST = Aspartate amino transpherase; ALT =
Alanine transpherase; GGT = Gamma glutamile transpherase; GLU = Glucose; BUN = Blood urea nitrogene; CHOL = Cholesterol;

TRIG = Triglyceride.
b Values within a row with different superscripts differ significantly at P<0.05.

Table 6: Pregnancy rate per artificial insemination (AI) (%), overall pregnancy rate (%) and Al rate (%) of cows
at the end of each pre-contamination, contamination, adsorbent and non-contamination periods.

Pre- Mycotoxin exposure periods Non-

Parameter contamination Contamination  Adsorbent contamination P-value
Pregnancy rate per Al 47.60? 24.60° 35.50% 43.80? <0.05
Overall pregnancy rate 51.90* 47.202 32.40° 20.40° <0.001
Al rate 14.50° 8.10° 13.80% 16.60° <0.001

Abbreviations: Al = Artificial insemination.
¢ Values within a row with different superscripts differ significantly at P<0.05.
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Table 7: The distribution of cows diagnosed as type I, II and III anestrus or cyclic, clinical metritic and
endometritic or healthy in each, contamination, adsorbent and non-contamination periods.

Mycotoxin exposure periods

Parameter Contamination Adsorbent Non-contamination P-value
Anestrus Type (%)
Type ] 10.70 12.40 14.90 >0.05
Type I 8.90 11.13 17.60 >0.05
Type 11 28.60* 23.70* 6.80° <0.05
Cyclic 51.80 52.50 60.80 >0.05
Uterine Health (%)
Metritis 12.80° 4.70% 1.10° <0.05
Endometritis 15.40 10.90 17.40 >0.05
Healthy 71.80 84.40 81.50 >0.05
b Values within a row with different superscripts differ significantly at P<0.05.
Pre-contamination Contamination C ontammatlon Non-contamination
period period mycotoxm adsorbent period
period
DO D30 D70 D80D 90 D 110D 120 D 140 D 150
A A A A A A A A A
Feed USG USG USG USG USG UJSrG
- + -
sampling  pjood Blood Blood
sampling sampling sampling
Fig. 1. The procedure of feed and blood sampling and the transrectal ultrasonography monitoring during
contamination, adsorbent and non-contamination periods. Abbreviations: D = Day; USG =
Ultrasonography.
DISCUSSION accepted EU limits or are not detectable level. The
present study revealed that the farms might be suffering
The data obtained in this study provide new from other mycotoxins even when the conc.en.trations of
evidence that multiple mycotoxin exposure may play an Aﬂa Bi in feedstuffs. were within ac'cepted limits. Hence,
important role in milk yield and especially in the fertility in future the data within accepted limits for ZEA, DON
performance of dairy cows. It has been documented that and fumonisins should also be routinely analysed for
corn grain (Abnet, 2007; Silva et al., 2020), corn gluten better mycotoxin management. ]
meal (Rodrigues and Naehrer, 2012), corn silage (Aragon Some reports (Charmley et al., 1993; Winkler et

et al., 2011), DDGS (Rodrigues and Chin, 2012), straw al., 2014; Ismail et al., 2020) showed that DMI and milk
and silage (Duffield, 2000) are the most susceptible yield of dairy cattle were not affected by mycotoxin
feedstuffs in which Fusarium species generally produce intake. Nevertheless, mouldy odour caused by fungi
mycotoxins such as DON, ZEA and fumonisins reduces feed intake and prolongs feeding times due to the
(Rodrigues, 2014). The present study demonstrated the sensitivity of cattle to the taste and smell of moulds
effect of Fusarium mycotoxins in feedstuffs with (Klaric et al., 2009; Rodrigues, 2014). Other studies

relevance to corn grain or corn by-products. Aflatoxins reported si.gniﬁcantly reduced feed intake from a mixture
are also of interest due to their carcinogenic and of aflatoxins (Korosteleva ez al., 2007) In the present
mutagenic effects in humans (Abnet, 2007). The study, if DMI reduction had occurred due to the diet
European Union limits aflatoxin B; levels to 20 ppb for formulation which was formulated as high concentrate
feed material (European Commission, 2002). In the (corn grain and corn by-products) to forage ratio to meet
present study, the Afla B, level was well within accepted the nutrient needs of animals, it would be expected that
EU limits and Afla B; at the 0.62 ppb level was detected the reduction in DMI should have been observed in all
in only corn gluten and TMR. Perhaps many farmers do examined periods. .Howevler, it was found that qnly the
not notice that their farm may be susceptible to other cows fed a contaminated diet showed a decrease in DMI,
mycotoxins, when the Afla B; levels are detected within whereas DMI increased during the adsorbent period and
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did not change during the non-contamination period.
Mycotoxin adsorbents in different properties such as
mineral clay carrier, enzyme or probiotics may adsorb
and detoxify mycotoxins (May et al., 2000). It is
suggested that either co-exposure to mycotoxins or
feedstuff contamination with higher concentrations of
mycotoxins can lead to a reduction in DMI and
mycotoxin adsorbents are capable of preventing this DMI
reduction.

It was indicated that cows fed with high DON
(6500 pg/kg) tended to produce less milk and lower milk
fat than those fed with the non-contaminated diet
(Charmley et al., 1993; Rodrigues, 2014). Some studies
also marked a positive correlation between the presence
of mycotoxins and low milk production which was a
more than 20% drop in milk production (Ismail et al.,
2020) and decreased feed intake and reduced milk
production (Minervini and Dell’Aquila, 2008). In the
present study, a 15.73 % drop in milk yield was evident
and the milk yield or milk fat, similar to DMI pattern,
increased after application of mycotoxin adsorbent or
removing the contaminated feedstuff. Since there is a
positive correlation between dry matter intake and milk
yield (Korver, 1988; Overton and Waldron, 2004), it can
easily be suggested that a decrease in DM intake results
in a decrease in milk yield. It appears that the mycotoxins
present in the diet cause a decrease in milk production
due to reducing DMI. According to Dénicke et al. (2002),
diet with Fusarium toxins reduces the microbial protein
synthesis and the flow of total protein at the duodenum
(Dénicke et al., 2002). The alterations in microbial
composition of the rumen flora might be resulted in
changing of short-chain fatty acid profile (Seeling et al.,
2006) and inhibition of the multiplication of cellulolytic
microorganisms in the rumen (May et al., 2000). The
decrement of milk fat content in the contamination period
might be the result of a decline in acetic acid-producing
bacteria in the rumen. Therefore, it is suggested that
mycotoxins may be responsible for altering the milk fat
content by changing the rumen flora and that adding a
mycotoxin adsorbent to the contaminated diet may be
beneficial to prevent the decline of milk fat content.

The concentrations of blood NEFA and BHBA
as well as serum glucose level are good indicators to
monitor metabolic status of high producing dairy cattle
(Duffield, 2000; Hayirli et al., 2002). Blood NEFA and
BHBA concentrations significantly increased during the
contamination period, whereas the glucose concentrations
decreased in the present study. Nevertheless, these two
indicators remained low during the adsorbent and non-
contamination periods, while the glucose concentrations
increased. Indeed, when the milk yield increases under
insufficient dry matter intake conditions, such as in the
fresh period, elevated NEFA and BHBA concentrations in
blood is observed due to lipo-mobilisation of adipose
tissue following the homeorhetic adaptation processes
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against the development of negative energy balance
(McArt et al., 2013). Accordingly, it is suggested that
elevated blood concentrations of NEFA and BHBA are
consequences of reduced appetite and the reduction of
DMI which are on the results of mycotoxin
contamination.

The increase of the concentrations of ALT, AST
and GGT enzymes in the blood has been associated with
lipid accumulation and cell damage in the liver (Kaneko
et al., 2008; Sakowski et al., 2012). Compatible with
these implications, AST and GGT levels significantly
increased, whereas ALT non-significantly increased in
the contamination period. These results were found to be
in line with previous studies (Overton and Waldron,
2004; Seeling et al., 2006; Sakowski et al., 2012). This
study also indicated that mycotoxin adsorbent
supplementation had beneficial effects on the recovery of
liver function, it was reported previously (Fushimi et al.,
2015).

In the present study BUN was significantly
higher (P<0.001) in the animals fed the mycotoxin
contaminated diet (contamination period) than those
detected in the animals during the adsorbent and non-
contamination periods. It is known that when the
conversion rate of microbial proteins to the ammonia in
the rumen while microbial protein synthesis decreases
(Firkins, 1996), excessive ammonia passes the rumen
wall, reaches to the liver and converted to urea (Huhtanen
et al., 2015). It has been stated that mycotoxins reduce
the microbial protein synthesis in rumen (Dénicke et al.,
2002). It is suggested that the reducing microbial protein
synthesis may increase the presence of excessive
ammonia and consequently increases the BUN
concentrations under mycotoxin contamination.

The concentration of triglycerides in the blood
mostly decreases during mild or severe fatty liver
syndrome or liver deficiency conditions (Van den Top et
al., 2005). In the present study, triglyceride
concentrations were lower in the contamination period
than those detected in the adsorbent and non-
contamination periods. It is postulated that a decrement
of triglycerides comparable with NEFA and fHBA may
cause mild liver damage, since recovery of liver function
has been shown by supplementation of mycotoxin
adsorbent.

It has been reported that the conception rate of
dairy heifers treated with 250 mg of ZEA daily over three
estrous cycles decline from 87% to 62% (Weaver et al.,
1986). This study presented a similar finding that a
decline in pregnancy rates was observed from 51.90% in
pre-contamination period to 47.20% in contamination
period. The reduced pregnancy rates are associated with
the negative effects of mycotoxins which are possibly
attributable to a toxic mechanism (Duffield, 2000;
Minervini et al., 2001). Guerrero-Netro et al. (2020)
studied the effect of naturally contaminated feed on
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superovulatory response in cows and found that 6 ppm
DON did not alter the number of viable embryos
recovered on day 7 but de-epoxy deoxynivalenol (DOM-
1) reduced the motility of spermatozoa in vitro.
Moreover, Yousef et al. (2017) reported that ZEA
disrupted the normal interaction between sperm and
bovine oviductal epithelial cells, hence negatively
affecting sperm survival. It is suggested that the reduced
pregnancy rate might be due to not only the toxigenic
effect of mycotoxin on embryo or spermatozoa but also
the indirect effect of mycotoxin in terms of reduced feed
intake and impaired metabolic status. Mycotoxin
adsorbents have beneficial effects in reducing mycotoxin
absorption from the intestines of cattle, maintaining
endocrine homeostasis and reversing hepatic effects
(Fushimi et al., 2015).

In the present study, inseminated cows during
the adsorbent period displayed a pregnancy rate of
35.50%. Zouagui et al. (2017) reported that the cows fed
by ZEA, DON, diacetoxyscirpenol and fumonisins
contaminated diet supplementation with mycotoxin
adsorbent showed 35% pregnancy rate as compared to
19% in non-supplemented cows. In the present study, it
was expected that the overall pregnancy rate would be
increased during mycotoxin adsorbent period and
remained the same or increased during the non-
contamination period. However, a dramatic decline in the
pregnancy rate was observed throughout the study. In this
study, a continuous feeding and management process of
the herd was adopted instead of simultaneously treated
different diet groups, therefore comparable results would
not have been obtained. Moreover, it is believed that the
data obtained in this study is valuable to discuss what a
herd might experience when the farm faces a co-exposure
of fumonisins. Accordingly, it was seen that the artificial
insemination rate was the lowest during the
contamination period and remained stable during the
adsorbent and non-contamination periods. The cows
examined for pregnancy diagnosis at the end of the
adsorbent period were the animals which were
inseminated at the contamination and/or adsorbent
period. This was the eligible pattern for the pregnancy
diagnosis in the non-contamination period. Therefore, it
is suggested that comparatively higher number of cows
may be included in synchronization programs in order to
obtain reasonable pregnancy rates in mycotoxin
contaminated herds fed with mycotoxin adsorbent.

In the present study, a higher percentage of type
IIT anestrus was detected during the contamination period
which was inconsistent with the results reported by Silva
et al. (2000) who indicated that ZEA (300 ppb) affected
neither morphometric parameters nor follicle diameter in
Nellore heifers. However, Mona et al. (2013) reported
that a diet containing aflatoxin (19.7 ppb) and ZEA (400
ppb) resulted in animals having follicular cysts. Type III
anestrus condition continued during the adsorbent period
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in this study. ZEA and its metabolites are detectable in
bovine follicular fluid (Takagi et al., 2008). About 50%
of ZEA present in plasma is present in follicular fluid,
while an increase of 1 ng/ml DON in plasma is paralleled
by an increase of 1.5 ng/ml DON (Winkler ef al., 2014).
Circulating ZEA and its metabolites may affect the
ovarian antral follicles by inducing apoptosis of
granulosa cells, leading to reduced anti-Miillerian
hormone secretion from the granulosa cells of atretic
antral follicles (Fushimi et al., 2014). Moreover,
Nakamura and Kadokawa (2015) reported that ZEA and
all its metabolites suppressed LH secretion from the
bovine anterior pituitary cells via G-protein-coupled
receptor 30 (GPR30) in vitro. The presence of cystic
ovaries in the herds contaminated with mycotoxin
extends the service period as late as 270 days (Zain,
2011). It is suggested that co-exposure of mycotoxin may
play a key role concerning cystic ovarian disease in cows
and additional time is needed for decline in the incidence
of ovarian follicular cysts. Mycotoxins disrupt not only
the ovarian cycles (Rodrigues, 2014) but also the immune
system and inflammatory responses in cattle (Marczuk et
al., 2012; Rodrigues, 2014). In the present study, the
contamination period had high percentages of cows
which were categorized as having clinical metritis.
Baranski et al. (2021) also reported that uterine infection
was correlated with blood ZEA concentrations in cows. It
is suggested that the immunosuppressive effects of
mycotoxins, as well as impaired metabolic status due to
reducing DMI, may predispose the cows to uterine
infections.

Conclusions: In conclusion, this study indicates that co-
exposures of ZEA, DON and fumonisins reduce milk
yields by reducing DMI and impairing metabolic status.
In dairy cows fed a mycotoxin adsorbent to counteract a
contaminated diet, although the adverse effects of
decreased DMI, milk yield and fertility parameters
attributable to  mycotoxin = contamination = were
ameliorated in the short term, it should be taken into
consideration that at least 90 days may be needed after
the end of the contamination period to regain reasonable
fertility parameters.

Ethics approval: All animal-related procedures were
approved by the local ethic committee (approval
AKUHADYEK 49533702/24).

Disclosure statement: No potential conflict of interest
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