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ABSTRACT: Mycotoxins contamination occurring in dairy cow’s diet is responsible for devastating effects on lives-
tock health. Among different strategies, using organic adsorbents is a promising approach to reduce the toxicity of
mycotoxins. This study investigated the effects of an organic adsorbent containing Lactobacillus brevis TD4, Lactoba-
cillus paracasei TD3, and Saccharomyces cerevisiae cell wall on milk production, somatic cell count, blood parameters
(white blood cell [WBC], lymphocyte [LYM], neutrophil, basophil, monocyte, eosinophil, red blood cell, haemoglo-
bin, haematocrit, mean corpuscular volume, mean corpuscular haemoglobin) and liver function (alanine transaminase
[ALT], gamma-glutamyl transferase [GGT], aspartate transaminase [AST], alkaline phosphatase [ALP], urea, total
protein, albumin) in dairy cows fed a naturally contaminated diet with Zearalenone (ZEA) and Deoxynivalenol (DON).
The amounts of mycotoxins ZEA and DON in feed ingredients were measured using the HPLC method. Ten Holstein
dairy cows received organic adsorbents daily in their diets for four weeks. Milk and blood samples were taken from
cows before the start of feeding adsorbent (CTRL), during the feeding period (FP), and one week after removal of
adsorbent from the diet (RP). Totally, the amount of measured ZEA and DON toxins in the diet were 389 and 1254.6
ppb, respectively. Feeding of organic adsorbent significantly increased milk production, total serum protein, and albu-
min compared to CTRL (P<0.01). Also, numerically lower somatic cell count in their milk and a significant decrease
(P<0.01) in serum urea were resulted. Among examined blood parameters, the number of WBC and LYM significantly
decreased (P<0.01) after feeding with the organic binder in comparison to the control period. Furthermore, except for
a significant increase inthe level of AST (P<0.05), the other liver function examined parameters were not affected. The
consumption of feed containing low-cost organic adsorbentincluding Lactobacillus bacteria and yeast cell wall can
improve the physical condition and health of dairy cows and reduce economic losses in livestock production.

Keywords:Mycotoxins; Dairy cattle; Organic adsorbents; Blood parameters; Somatic cell counts

Corresponding Author:
Maryam Tajabadi Ebrahimi, Department of Biology, Central Tehran Branch, Islam- Date of initial submission: 15-10-2021
ic Azad University, Tehran, Iran. Date of acceptance: 22-12-2021

E-mail address: M.tajabadi@iauctb.ac.ir



4892

F. ADAMI GHAMSARI, M. TAJABADI EBRAHIMI, M. BAGHERI VARZANEH, A. IRANBAKHSH, A. AKHAVAN SEPAHI

INTRODUCTION

ycotoxins are secondary metabolites produced

by molds and occur in many dairy cow food-
stuffs, including roughages and concentrate (Zouagui
etal., 2017, Changwa et al., 2018).Zearalenone (ZEA)
and Deoxynivalenol (DON) are Fusarium mycotox-
ins. Due to the high occurrence, these mycotoxins
are the most challenging toxins for livestock (Bind-
er 2007, Sobrova et al., 2010). Published data about
the effects of feedborne Fusarium mycotoxins on the
biochemical and haematological blood parameters are
still rare (Jovaisiene et al., 2016). A naturally contam-
inated diet (with DON and ZEA) in supplementation
with a mycotoxin binder improved liver function, in-
creased blood total protein, and decreased blood urea
in dairy cows (Zouagui et al., 2017).

The unavoidable problem of mycotoxin presence
in dairy cow feedstuff is a tremendous economic and
health challenge in dairy farms. Thus, various strat-
egies have been developed to control mycotoxins in
animal feed. Electronic and hand sorting to remove
mycotoxin contaminated grains, washing with water
or sodium carbonate, using mold inhibitors, or pres-
ervation by acid are some solutions for mycotoxin
control. However, many of these methods are imprac-
tical. The most commonly used method to counteract
the risk effects of mycotoxins is the decrease in their
bioavailability with various mycotoxin binder agents
in the dairy cow rations (Binder 2007, Franco et al.,
2011).

Different substances have been evaluated for this
purpose (Bocarov-Stanci¢ et al., 2011). These sub-
stances can be divided into two categories, inorganic
and organic binders. Organic adsorbents includemi-
croorganisms (such as yeasts and lactic acid bacteria
[LAB]) and yeast cell walls. The detoxification po-
tential of LAB might be related to the degradation
through its metabolism or bacterial cell wall com-
pounds (Dali¢ et al., 2010). Detoxification of DON
by eight LAB isolated from wheat products and kefir
seed was studied and the results revealed all of the
bacteria have the detoxification potential of DON
(Franco et al., 2011). Another study demonstrated the
capacity of four strains of Lactobacillus spp. to adsorb
ZEA (Vega et al., 2017). A significant decrease in the
ZEA and aflatoxin concentration was observed in fer-
mented cornmeal with LAB (Mokoena et al., 2005).

Our previous in vitro studies showed the adsorbent
containing Lactobacillus strains and the yeast cell

wall of Saccharomyces cerevisiae was able to signifi-
cantly adsorb and reduce DON mycotoxin (Adami
Ghamsari et al., 2021). Due to little information about
the efficiency of LAB binders to deactivation of ZEA
and DON, the present work was designed to study the
effects of an organic mycotoxin binder containing two
Lactobacillus spp. and yeast cell wall on blood fac-
tors, liver enzymes, milk production, and composition
in dairy cows fed a naturally contaminated diet with
both ZEA and DON.

MATERIALS AND METHODS

Cows, management, and mycotoxin binder

The animal experiments were carried out in accor-
dance with EU Directive 2010/63/EU and the Animal
Research: Reporting of in vivo Experiments (ARRI-
VE) guidelines (Anonymous 2010, Percie du Sert et
al., 2020). Also, the research ethics committee at Isla-
mic Azad University, Science and Research Branch in
Tehran, Iran reviewed all animal studies and declared
that ethics approval was not required.

Ten lactating Holstein cows with average milk
production 11.5 £ 3.5 kg (Mean+ SD), parity 1.2+0.42
(Mean= SD), weight 586+35 kg (Mean + SD), and
DIM 426.3 £+ 166.9 were used in a nine-week experi-
mental period. In the four weeks, ten dairy cows mo-
ved to a group pen for adaptation, fed with a basal diet
without adsorbent, and considered as a control period
(CTRL).

The mycotoxin binder comprised Lactobacillus
brevis TD4 (IBRC-M10790), Lactobacillus para-
casei TD3 (IBRC-M10784), and S. Cerevisiae cell
wall at a ratio of 35%, 35%, and 30%, respectively.
Our previous in vitro study indicated that this combi-
nation was able to adsorb and reduce DON mycotoxin
significantly (Adami Ghamsari et al., 2021).

Twenty-five grams of an organic toxin binder per
cow top-dressed to the cows’ diet since the 5" week
and continued until the 8" week (considered as a fee-
ding period; FP). Toxin binder removed from the diet
on the 9" week (considered as removing period; RP,
Elis, 1994). The feed and water were supplied ad li-
bitum during the experiment period. The cows were
milked twice per day at 10:00 and 18:00 h.

A basal diet was formulated to meet the National
Research Council nutrient requirements of dairy cows
and fed at 08:00 and 17:00 h throughout the expe-
riment (Anonymous 2001). The basal diet consisted
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of (DM basis): 10.06% of ground barley, 8.26% of
ground corn, 7.18% of soybean meal, 4.64% of cot-
tonseed meal, 3.99% bran and 0.37% mineral-vitamin
supplement, 6.11% corn silage, 40.93% alfalfa, and
18.47% straw. The nutrient and energy concentration
(DM basis) were 14.8% crude protein, 43.56% neu-
tral detergent fiber, 29.6% acid detergent fiber, and net
lactation energy of 1.47 mg/kg diet.

Analysis of feed-borne mycotoxins

The feedstuff content of ZEA and DON were ana-
lysed by HPLC. Samples of concentrate, corn silage,
alfalfa, and straw were taken before, during, and end
of feeding organic toxin binder. Samples dried at
60°C and ground to pass through 1 mm screen. Twen-
ty-five grams of each sample was mixed with 100 ml
acetonitrile and distilled water by the ratio of 90:10
v/v and stirred at 5000 rpm for 1 h. The samples were
then centrifuged (5000 rpm, 15°C, 5 min,) and the su-
pernatant of each sample was filtered at first through
Whatman No. 1 filter paper (Whatman, Inc., Clifton,
New Jersey, USA) and then 0.45 pm syringe filter. Af-
ter clean-up with immuno-affinity columns (PriboFast
China), the toxins present in the filtered liquid were
measured by HPLC (Zaied et al., 2012).

The HPLC device used included a C-R5A (HPLC
CHROMATOPAC/KNAUER) system equipped with
a Gilson 151 UV-Vis detector and Gilson 712 soft-
ware. The chromatographic separation was achieved
using the Ultrabase C18 column (250%4.6 mm, 5 um).
The mobile gradient phase for ZEA toxin consisted of
acetonitrile (HPLC grade) and doubled-distilled water
by the ratio of 55:45 v/v, and for DON toxin consisted
of acetonitrile (HPLC grade), doubled-distilled water,
and methanol (HPLC grade) by the ratio 10:80:10
v/v/v, which were prepared for injection in the device
following the filtration with 0.45 pm Teflon filter. In
isocratic mode with a flow rate of 1 ml/min, the chro-
matogram column was set at 30°C, and the injection
volume was 20 ul. The wavelength of 236 nm and 220
nm was utilized to evaluate the presence of ZEA and
DON toxins in the samples, respectively (Kotal and
RadovA 2002, Vega et al., 2017). The concentration
of the ZEA and DON toxins in the feed ingredients
was measured based on the linear equation calculated
from the standard curve of the mentioned toxins.

Blood and milk sampling and measurements
Blood samples were collected from the tail vein

before the morning feeding on d 28 (before adding

adsorbent to the diet), 56 (after four weeks feeding

adsorbent), and 63 (one week after removal adsor-
bent) of experimental days. Blood samples from the
tube without any anticoagulant were allowed to clot.
After centrifugation (3000 % g for 20 min at 4°C), the
serum was stored at -20°C until analysed for total pro-
tein, albumin (ALB), urea, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), and gamma-glutamyl transpepti-
dase (GGT). Blood parameters were determined us-
ing enzymatic kits (Pars Azmoon Co., Tehran, Iran)
and a BT1500 automatic analyser (Biotecnica Instru-
ments S. p. A, Italy).

Blood samples for complete blood count analy-
ses were collected in EDTA-coated blood tubes. The
total number of white blood cells (WBC), red blood
cells (RBC), neutrophils (NEU), lymphocyte (LYM),
basophils (BASO), eosinophils (EOS), monocytes
(MONO), haemoglobin (Hb), haematocrit (HCT),
mean corpuscular volume (MCV), Mean corpuscu-
lar haemoglobin (MCH) and mean corpuscular hae-
moglobin concentration (MCHC), were determined
in the laboratory through both haematology analyser
(Exigo-vet, Boule Diagnostics Co., Sweden) andmi-
croscopic counting under light microscope.

Milk yield of the last three consecutive days of
each period (CTRL, FP, and RP) was recorded and
sampled for compositional analysis. The milk sam-
ples were analysed for fat, protein, lactose, mineral,
and density by LactoStare device (FUNKE GERBER,
Germany). The somatic cell count (SCC) was deter-
mined manually.

Statistical analysis

Statistical analyses were carried out using SAS
software (SAS Institute, 1999). Values are display-
ed as mean + SD and the mean values of time peri-
ods were compared using t-test.Data normality was
assessed by Proc Univariate and Shapiro-Wilk tests.
Normalization was performed for data that did not
have a normal distribution using data conversion. To
this end, the Box-Cox method was used to determine
K. In cases where the data were not normalized by
conversion, they were compared by Wilcoxon meth-
od. Differences in the means were considered to be
significant when P<0.05 and P<0.01.

RESULTS

Analysis of feed-born mycotoxins
All feed ingredients used in the experimental diet
were naturally contaminated with ZEA and DON (Ta-
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ble 1). Contents of ZEA and DON toxins in the whole
diet were 389 and 1254.6 ppb, respectively.

Table 1. Mycotoxin content of dietary ingredients

Mycotoxins*
Feedstuffs ZEA (ppb) DON (ppb)
Concentrate 178 591.8
Corn Silage 45.2 119.7
Alfalfa 126 406.4
Straw 39.8 136.7
Total ration{ 389 1254.6

"DON= deoxynivalenol, ZEA= zearalenone.
fContent of mycotoxin in the total ration was calculated based
on the ingredient ratio in the diet.

Evaluation of blood parameters

Complete blood cell count results revealed that
feeding organic binder affects blood cell param-
eters (Table 2). The WBC and LYM significantly
decreased after feeding by the organic binder com-
pared to CTRL (P<0.01). The removal of the organic

binder from the cow’s diet did not affect WBC and
RBC, whereas LYM was significantly higher com-
pared to those in the FP (P<0.01). Supplementation
of organic toxin binder increased the NEU, BASO,
and EOS concentration compared to the control peri-
od (P<0.01). Removing the binder decreased BASO
and EOS (P<0.01); however, it did not affect HCT and
NEU compared with the FP. The organic binder did
not affect MONO and MCV.

The effect of adsorbent supplementation on liver
enzymes is presented in Table 3. The results of the
present experiment indicate feeding of adsorbent did
not affect the concentration of ALT, GGT, and ALP
enzymes compared to the control period. However,
in the blood of cows, the concentration of AST by
adding adsorbent to their diets was higher than the
control period(P<0.01).After cessation of adsorbent
consumption, AST concentration decreased signifi-
cantly compared to the adsorbent consumption peri-
0d(P<0.01).

Table 2. The effect of organic adsorbent on the blood cells in dairy cows fed diets naturally contaminated with ZEA and DON (Mean

+ Standard deviation)

Experimental periods *

P-value of paired comparison

Item CTRL FP RP CTRL vs. FP  CTRLvs. RP  FPvs. RP

WBC, 10%/ul 22.26 £9.95 9.64+ 1.7 10.29 +£2.40 0.02 0.03 0.83
LYM, % 83.7+8.13 60.7 £ 8.08 68.2 £8.55 0.00 0.00 0.00
NEU, % 13.8+7.78 30.6+8.15 28.7 £8.91 0.00 0.00 0.37
BASO, % 0.1+0.33 1.88 +£0.56 0.88 +£0.31 0.00 0.00 0.00
MONO, % 0.6 +1.32 1.3+0.86 0.4+0.70 0.22 1.00 0.05
EOS, % 1.8+ 1.22 52+147 2.1+1.66 0.00 0.73 0.00
RBC, 106/ul 5.8+ 0.65 6.4 +0.69 5.20 £0.68 0.60 0.08 0.06
Hb, g/dl 9.8 +0.65 9.35+0.39 9.01+0.7 0.23 0.08 0.23
HCT, % 26.1 £3.56 25.1+£0.74 27+ 3.00 0.39 0.47 0.09
MCV, fl 51.35+6.64 53.45+1.62 56.08 +2.83 0.50 0.20 0.10
MCH, pg 16.7+1.54 16.51+£0.99 16.58 £ 1.25 0.26 0.93 0.41
MCHC, g/dl 33.43+£0.79 34.26+ 0.96 33.12+0.42 0.16 0.20 0.03

*CTRL= adaptation period (no mycotoxin binder, 4 wk), FP= Feeding period by organic mycotoxin binder (4 wk), RP= mycotoxin
binder removal period (1 wk). WBC= White Blood Cell, LYM= Lymphocyte, Neu= Neutrophil, BASO= Basophil, MONO=
Monocyte, EOS= Eosinophil, RBC= Red Blood Cell, Hb= Haemoglobin, HCT= Haematocrit, MCV= MeanCorpuscular Volume,
MCH= Mean Corpuscular Haemoglobin , MCHC= Mean Corpuscular Haemoglobin Concentration.

Table 3. The effect of organic adsorbent on the activity of liver enzymes in dairy cows fed diets naturally contaminated with ZEA and

DON (Mean + Standard deviation)

Experimental periods *

P-value of paired comparison

Item * CTRL FP RP CTRLvs. FP CTRLvs. RP FPvs. RP
ALT U/l 552+12.0 61.8 £8.98 60.6 +13.78 0.14 0.32 0.55
GGT, U/l 14.97 £2.02 14.58 +3.31 16.89 £2.15 0.81 0.18 0.24
AST, U/l 70.6 £ 8.38 77.3+10.97 64.1 +£13.63 0.01 0.30 0.01
ALP, U/l 130.9 + 54.00 107.6 + 30.35 117.4+33.84 0.12 0.40 0.67

"CTRL= adaptation period (no mycotoxin binder, 4 wk), FP= Feeding period by organic mycotoxin binder (4 wk), RP=
mycotoxinbinder removal period (1 wk); TALT= Alanine transaminase, GGT= Gamma-glutamyl transferase, AST= Aspartate

transaminase, ALP= Alkaline phosphatase.
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Table 4. The effect of organic adsorbent on the activity of blood parameters in dairy cows fed diets naturally contaminated with ZEA

and DON (Mean + Standard deviation)

Experimental periods *

P-value of paired comparison

Item CTRL FP RP CTRL vs. FP  CTRL vs. RP  FPvs. RP
Urea, mg/dl 17.67+2.24 1597+123 1431+1.17 0.02 0.00 0.06
Total protein, g/dl 6.01 £0.39 7.24 +0.39 6.83 £0.62 0.00 0.00 0.10
Albumin, g/dl 3.38+£0.29 3.75+£0.21 3.27+0.08 0.00 0.84 0.06

"CTRL= Adaptation period (no mycotoxin binder, 4 wk), FP= Feeding period by organic mycotoxin binder (4 wk), RP= mycotoxin

binder removal period (1 wk).

Table 5. The effect of organic adsorbent on milk production and composition in dairy cows fed diets naturally contaminated with ZEA

and DON (Mean =+ Standard deviation)

Experimental periods *

P-value of paired comparison

Item CTRL FP RP CTl;lL, V%  CTRLvs.RP FPvs. RP
Milk yield (kg/d) 115+3.6 1621 +2.54 14.70 £ 1.55 0.03 0.20 0.40
Milk compositions

Fat (%) 2.8+0.49 2.9+0.15 3.0+0.10 0.47 0.52 0.11

Protein (%) 414037 42+028 43+0.28 0.96 0.59 0.86

Lactose (%) 554021 544026 54+0.16 0.56 0.39 0.42

Minerals (%) 0.62 +0.02 0.61 +0.03 0.66 % 0.03 0.68 0.22 0.08
Density (%) 1.2+ 0.04 12+0.01 1.2+0.01 0.6 1 1

SCC, cells/ml x 10*  17.38+4.92  12.34+3.97 10.19 + 3.47 0.09 0.01 0.40

"CTRL= Adaptation period (no mycotoxin binder, 4 wk), FP= Feeding period by organic mycotoxin binder (4 wk), RP= mycotoxin

binder removal period (1 wk). SCC= somatic cell count.

Serum urea content, total protein, and ALB were
significantly affected by feeding mycotoxin bind-
er (Table 4). Total protein and ALB concentrations
were higher, and urea content was lower when cows
received an organic binder in their rations (P<0.01).
After removing the binder from the diet, the amount
of total protein and urea remained significantly high-
er and lower than the control period, respectively
(P<0.01).

Evaluation of milk production and its compounds

Mycotoxin binder supplementation was improved
milk production compared to the control period
(P<0.03, Table 5). Fat, protein, lactose, mineral per-
centage, and milk density were not affected by adding
a binder to the ration. Binder supplementation nu-
merically reduced milk SCC compared to the CTRL,
which continued during the RP and showed a signifi-
cant decrease (P<0.03).

DISCUSSION

Supplementation of dairy cattle ration with some
sequestering agents is an economic strategy to over-
come the detrimental effects of mycotoxins contami-
nated feedstuffs (Bocarov-Stancic¢ et al., 2011, Kong
etal., 2014). In recent years, LAB has shown the most

tremendous potential for both fungal growth inhibi-
tion and detoxification of mycotoxins (Franco et al.,
2011). The mycotoxin adsorption properties of the
cell wall and living cells of S. cerevisiae and some
Lactobacillus strains subjected them to mycotoxin
detoxification-related researches to be employed as an
effective tool in the development of animal husbandry
(El-Nezami et al., 2002, Wan et al., 2016).

In the current study, we evaluated the potential of
two Iranian native probiotic bacteria, L. paracasei
TD3 andL. brevis TD4, and yeast cell wall of S. ce-
revisiae, to decline adverse effects of feed-born ZEA
and DON on blood parameters, liver function, and
milk yield of dairy cows. Ration ingredients myco-
toxins analysis showed that all items have ZEA and
DON contamination. The concentration of ZEA and
DON in the diet was 389 and 1254.6 ppb, respecti-
vely, which was lower than previously reported data
(Korosteleva et al., 2007, Kiyothong et al., 2012).

In most research on mycotoxin binders, pure toxi-
ns have been added to the diet; however, feeding a
naturally contaminated diet allows us to study syner-
gistic effects of minor toxins and mycotoxins meta-
bolites. Meanwhile, some toxins may be conjugated
with another compound in the diet and escape from
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detection procedures; however, they can be released
into the gastrointestinal tract and cause a mycotoxico-
sis even if the concentration of the major mycotoxin
is lower than the threshold level (Korosteleva et al.,
2007). A complex of DON with glycoside was detec-
ted previously in naturally and artificially contamina-
ted wheat (Berthiller et al., 2005).

Because of the synergistic effect in naturally con-
taminated diets, a lower dose of mycotoxins can show
a deleterious effect. ZEA with concentrations of about
400 ppb causes reproductive problems in dairy cattle
(Towers et al., 1995). Furthermore, vaginitis, vaginal
secretions, poor reproductive performance, and mam-
mary gland enlargement of virgin heifers, decreased
milk production, diarrhea, increased reproductive
tract infections, and total reproductive failure occur-
red following consumption of a diet contaminated
simultaneously with about 660 ppb of ZEA and 440
ppb of DON or alone with 25 ppm of ZEA. In additi-
on, 4 to 7 ppm of ZEA in feedstuff is responsible for
enlarged vulvabut no abortion was observed in most
cases (Weaver et al., 1986, Coppock et al., 1990, Ad-
ams et al., 1993). Off-fed, ketosis, pronounced milk
decrease, and sometimes diarrhea were observedwith
the consumption of 1.5 to 2.5 ppm or even lessof
DON-contaminated diet (Adams et al., 1993, Diaz et
al., 2001). Also, the reduced utilizable protein flow to
the duodenum and altering in the rumen fermentation
were shown in the cows consuming 2.6 to 6.5 ppm
of DON (Charmley et al., 1993, Dénicke et al., 2005,
Seeling et al., 20006).

The increased number of WBC and RBC was re-
vealed following fed with DON and ZEA contamina-
ted feed (Marczuk et al., 2012, Duringer et al., 2020).
Adding the combination of mineral and biological
adsorbent was shown to not reduce WBC and RBC
levels, significantly (Marczuk et al., 2012, Fushimi
et al., 2014, Jovaisiene et al., 2016). In the present
study, the level of WBC and Lymphocytes reduced to
near the normal range level compared to the control
group while RBC and other blood parameters were
not affected.

An increased level of serum ALT, AST, ALP,
LDH, and GGT were reported in dairy cows fed with
the Fusarium mycotoxin-contaminated diet (Seel-
ing et al., 2006, Tripathi et al., 2008, Du et al., 2017,
Zouagui et al., 2017). In the present study, examina-
tion of the level of liver enzymes such as ALP, ALT,
AST, and GGT showed only serum GGT and ALP le-
vel decreased after the use of the organic adsorbent

in cows, although it was not significant. No alterati-
on of liver enzymes concentrations can be explained
by a lower concentration of mycotoxins compared to
previous studies (Korosteleva et al., 2007, 2009, Jo-
vaisiene et al., 2016, Zouagui et al., 2017). A signi-
ficant increase of AST in cows fed toxin binder that
was in agreement with previous data had no biologi-
cal importance and was within the range of standard
value (Jovaisiene et al., 2016).

Furthermore,blood urea significantly decreased
in cows fed toxin binder compared to the control pe-
riod and this trend continued after removing binder
from the ration. Similar to our results, supplemen-
tation with mycotoxin binders decreased blood urea
levels in dairy cows fed by naturally contaminated
diets (Jovaisiene et al., 2016, Zouagui et al., 2017).
In general, the serum concentration of urea is affected
by the adsorption of ammonia from the rumen and
protein metabolism in the liver. In mycotoxicosis, ru-
men microbiota and protein anabolism in the liver can
be inhibited (Fuertes et al., 1998, Korosteleva et al.,
2007). The supplemented diet with a mycotoxin deac-
tivator resulted in higher populations of amylolytic,
cellulolytic, and proteolytic bacteria as well as fungal
zoospores (Kiyothong et al., 2012). Moreover, rumen
ammonia concentration was increased by the feeding
of DON and ZEA-contaminated wheat (Danicke et
al., 2005). When protein synthesis is inhibited in the
liver, free amino acids are increased and used to pro-
duce energy, thus increasing blood urea concentrati-
on. Increased concentration of uric acid in the blood
of laying hens fed Fusarium contaminated feed has
been previously reported (Chowdhury and Smith
2004). Unlike to present study, serum urea and creati-
nine concentrations increased after using adsorbent in
cows (Jovaisiene et al., 2016).

In the current study, the higher level of total pro-
tein and ALB in FP compared to the control period
suggests better protein anabolism in the liver. The
albumin and protein levels are other indicators of
liver function (Tripathi et al., 2008).Korosteleva et
al.(2007) showed total serum protein and albumin
concentrations were not significantly increased fol-
lowing the consumption of adsorbent. In contrast to
our data, a higher protein level of serum was reported
by feeding mycotoxin to the dairy cow (Korosteleva
et al., 2007). It seems that Fusarium toxin-contamina-
ted diets can alter microbial protein synthesis in the
rumen (Korosteleva et al., 2007), and supplementing
the diet with a mycotoxin binder in our study can mo-
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dify the negative effects of mycotoxins on the rumen
microbiome.

Improving milk production also confirms better
fermentation during the adsorbent consumption peri-
od.Similar to the results of the present study, milk pro-
duction (kg/cow) in dairy cows significantly increased
with the use of adsorbent (Whitlow and Hagler, 2005).
A diet with about 660 ppb of ZEA and DON can result
in a low feed intake and depressed milk production
(Sultana and Hanif, 2009). In contrast, milk produc-
tion and composition were not affected by diets natu-
rally contaminated with ZEA and DON (Korosteleva
et al., 2007, 2009). Supplementation of contaminated
diet with mycotoxin binder had a variety of effects
on milk production. The findings of the present study,
in line with other studies, showed that the addition
ofa mycotoxin binder to mycotoxin-contaminated ra-
tions improved milk production of cows (Zouagui et
al., 2017). Variation in the results might relate to the
type of binder, binder’s dose, the level of contamina-
tion, the experimental duration, and the physiological
stage of the animal. In a field study, it was found that
foods with about 750 ppb ZEA and 500 ppb DON
cause weakness, decreased milk production, diarrhea,
increased genital infections, and infertility (Whitlow
and Hagler 2005).

The milk SCC is a widely used marker for both
milk quality and udder health (Stocco et al., 2020). In
the present study, the milk SCC was lower in cows fed
with organic binder compared to the control group,

which is in agreement with some reports (Kiyothong
et al., 2012, Jovaisiene et al., 2016, Zouagui et al.,
2017) and can be explained through decreased im-
munosuppressive and hepatotoxicity effect of myco-
toxins by the binder (Zouagui et al., 2017). Contra-
ry to our findings, no effect of a supplemented diet
with a mycotoxin binder on milk SCC was reported
(Korosteleva et al., 2007).

CONCLUSION

In conclusion, this study evaluated the effect of an
organic mycotoxin binder to minimize the negative
impact of feedstuff naturally contaminated with ZEA
and DON mycotoxins on dairy cows. The better re-
sults obtained from haematological parameters, liver
function, and milk production after being fed with this
product suggested its ability to decrease the deleteri-
ous effect of mycotoxins.
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