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Abstract
The aim of this study was to investigate the efficacy of dietary endotoxin binders [bentonite (BEN) and Saccharomyces cerevisiae
cell wall (SCW)] on acute-phase protein (APP) response and liver function in cows during the transition period. Twenty-four
multiparous Holstein cows were randomly assigned to one of four treatment groups. The experimental groups consisted of (1) the
basal diet (BD) + SCW, (2) BD + SCW + BEN, (3) BD + BEN, and (4) BD (control). Blood samples were taken at 1, 3 and
4 weeks before and 1 and 3 weeks after parturition and serum concentrations of non-esterified fatty acids (NEFA), beta-
hydroxybutyrate (BHBA), glucose, haptoglobin (Hp), serum amyloid A(SAA), albumin, g-glutamyl transferase (GGT), aspartate
aminotransferase (AST), cholesterol, iron, and lipopolysaccharide (LPS) were measured. The concentrations of LPS, SAA,
albumin, and Hp in the blood were within reference range at all times. The level of blood LPS was not high enough to initiate
an APP response. Mean BHBA concentration was highest at 1 week after calving. For NEFA, the pattern was similar, with a peak
at 1 week after calving. Cholesterol concentration was lower in the SCW group, probably due to a lower lipoprotein concentra-
tion. Mean AST concentration was highest at 1 week after calving, especially in the SCW + BEN group. The results of a current
study showed that, if the carbohydrate level is not high in the diet to cause rumen acidosis, it is not profitable to supplement BEN
and SCW for adsorbing endotoxins in the diet, in transition cows.
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Introduction

The transition period is defined as the last 3 weeks before
parturition to 3 weeks after parturition and is described by a
number of challenges for the dairy cows due to critical phys-
iologic changes that occur during that period (Grummer
1995). These changes include a greater demand for nutrients

due to the rise of performance required for milk production as
well as decreased dry matter intake leading to negative energy
balance (Ametaj 2005; Mulligan and Doherty 2008; Hammon
et al. 2009; Mullins et al. 2012). Ketosis and hypocalcemia are
key players in the transition period negative energy balance
(Weaver et al. 2017). One important change is based on the
fast mobilization of energy sources from tissue depots in the
form of non-esterified fatty acids (Veenhuizen et al. 1991;
Ingvartsen 2006; Geelen and Wensing 2006). Excessive liver
uptake of non-esterified fatty acids from adipose tissues can
lead to hepatic lipidosis, which makes high-producing dairy
cows being susceptible, in particular (Grummer 1993; Bobe
et al. 2004). Fatty liver syndrome results in impaired health,
reduced immunity, and decreased reproductive performance
(Zerbe et al. 2000; Grummer et al. 2004; Burton et al. 2005).

Furthermore, immediately after parturition, most cows
have markedly increased plasma NEFA (non-esterified fatty
acid) concentrations. A recent evidence shows that there is a
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poor correlation between circulating NEFA and BHBA
(McCarthy et al. 2015), suggesting that ketosis is not simply
the result of excessive fat mobilization. In this regard, detailed
pathophysiology of ketosis is still unclear, and thus, it is of
particular interest to determine why some cows are more
predisposed to ketosis than others.

Some authors suggest that inflammation resulting from en-
dotoxin circulation may play a role in the pathogenesis of
metabolic diseases (Bradford et al. 2009) and that inflamma-
tory response might be the missing link in the pathology of
metabolic disorders in transition cows (Drackley 1999).

Endotoxin release during the transition period likely results
from changes in rumen pH due to reduced forage to concen-
trate ratio in the diet of cows fed a high non-structural carbo-
hydrate diet. This release may lead to ruminal acidosis that can
either facilitate growth of Gram-negative bacteria in the rumen
or their death and cell lysis (Dougherty et al. 1975; Eckel and
Ametaj 2016) and consequently translocation of endotoxins
from the rumen wall into systemic circulation (Emmanuel
et al. 2008; Khafipour et al. 2009b). Gram-negative bacteria
such asEscherichia coli can result in a greater activation of the
immune system and therefore a more comprehensive transfer
of blood components including IgG (Wall et al. 2016), and the
study by Hernández-Castellano et al. 2016) also suggests that
the immune status can influence the transfer of immune com-
ponents from blood to colostrum. The liver plays an important
role in absorption and detoxification of these endotoxins
(Nolan 1975; Munford 1978), and decreased liver function
due to hepatic lipidosis is associated with a decreased capacity
for clearance of endotoxins (Andersen et al. 1996).

Acute-phase proteins (APPs) play a contributory role in
this process by binding and neutralizing the endotoxins that
enter into the blood circulation and bind with serum amyloid
A (SAA), which is associated with lipoproteins, especially
with high-density lipoproteins (Levels et al. 2001).
Lipopolysaccharide (LPS) as cell wall component of Gram-
negative bacteria elicits an immune response when entering
the blood circulation (Berczi et al. 1966) by upregulating
acute-phase proteins such as Hp (haptoglobin), SAA (serum
amyloid A), and LPS-binding protein (Khafipour et al. 2009a;
Plessers et al. 2015), which can be measured as markers of
bovine systemic inflammation (Ceciliani et al. 2012).
Furthermore, a grain-based diet has been shown to induce
sub-acute ruminal acidosis leading to an increase in sub-
stances like lactate (including the D-isomer), ethanol, hista-
mine, tyramine, tryptamine, and bacterial endotoxin (LPS) in
the rumen (Plaizier et al. 2009).

Clay minerals such as bentonite are naturally derived sub-
stances that can bind toxins by trapping them between the layers
of a multilayered structure, which creates a large surface area. A
net positive charge between the layers in the sheet of bentonite
can attract negatively charged ions and organic elements, such
as LPS (Murray 2000; Spieker 2010), and bind them.

Bentonite and yeast cell wall (YCW) have both been used
as inorganic and organic adsorbent additives in animal diets.
Lei et al. (2013) showed that dietary supplementation of ben-
tonite and yeast cell wall can decrease the free LPS concen-
tration in plasma feces and digesta. Other studies have shown
that yeast cells are able to bind different molecules such as
killer toxins and metal ions on complex binding structures on
the cell wall surface (Brady et al. 1994; Orrihage et al. 1994;
Bolognani et al. 1997; Santos et al. 2000; Breierova et al.
2002). However, whether YCW can effectively bind LPS still
remains unclear.

A growing body of evidence suggests that circulating LPS
might play a role in disease around calving like fatty liver.
Accordingly, it would be beneficial for the health of bovines
to bind and eliminate these toxins. Therefore, the objective of
this study was to determine the beneficial effect of dietary
supplementation of endotoxin binders (bentonite and
Saccharomyces cerevisiae cell wall) on APPs and liver func-
tion in high-producing dairy cows during the transition period.

Material and methods

Animals and experimental design

All animals were treated in accordance with the regulations on
the guidelines of the Iranian Council of Animal Care (1995),
and the experiment was approved by the Institutional Animal
Care Committee for Animals Used in Research and we further
followed the recommendations of the European Council
Directive (86/609/EC) of November 24, 1986, regarding the
standards of protecting animals used for experimental pur-
poses. In this work, 24 high-producing Holstein dairy cows
(3rd to 5th lactation) with an initial body weight (BW) of
567.5 ± 40.3 kg (mean ± SD), body condition score of 3.5 ±
0.26 out of 5 (mean ± SD), and average milk production of
previous lactation of 35.8 ± 1.6 kg/day (mean ± SD) were
randomly allocated to one of four experimental treatments
(n = 6) in a completely randomized design during the transi-
tion period (− 28 days before the expected calving date until
21 days after calving date). The criteria for selecting them as
high milk-producing (Dobson et al. 2007) was according to
average milk yield of their previous lactation. The cows were
selected from a 1000-cow industry dairy herd in Khorasan
Razavi province in the northeast of Iran (36° 17′ 52.8″ N,
59° 36′ 20.52″ E 36.298, 59.6057, 1810 m above sea level)
in summer 2016. All animals were randomly divided into four
equal experimental groups containing a control (n = 6) and
three treatment (n = 6) groups. Control group received a bal-
anced ration that met all the NRC nutrient requirements based
on the cow condition (National Research Council (NRC)
2001) since 4 weeks before the predicted parturition time until
3 weeks after the parturition. The treatment groups received
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the same ration at similar intervals; furthermore, those groups
were supplemented with a toxin binder based on bentonite and
Saccharomyces cerevisiae cell wall. The experimental groups
consisted of (1) BD + SCW, (2) BD + BEN + SCW, (3) BD +
BEN, and (4) BD (control). Experimental cows were housed
in a pen with four stalls and six cows kept in each stall. After
calving, experimental animals were moved to another pen
near the milking parlor, which consisted of four stalls and their
diet changed from close-up diet to fresh cow diet. Treatment
animals had free access to water and were fed twice a day at
1000 h and 1700 h and milked twice at 0700 h and 1400 h.
Treatment animals’ diet was made separately for each group
and endotoxin binder was mixed every day to their diet. The
cows’ places were bedded with clean wood shavings and dry
manure, and the bedding was refreshed daily if necessary.

Diet

The bentonite with a particle size less than 37 μm according to
manufacturer’s introduction was manufactured by Zarin
Binder (Mashhad, Iran), and the Saccharomyces cerevisiae
cell wall was purchased from Active MOS, Biorigin, Sao
Paulo, Brazil (dry matter ≥ 94.0%, chitin ≥ 2.0, β-glucan ≥
30.0%, and mannoprotein ≥ 20.0%). Dietary doses of endo-
toxins binder were based on the manufacturer’s recommenda-
tion for dairy cows (12 gr/day/cow for SCW and 150 gr/day/
cow for bentonite). The total mixed ration (TMR) was formu-
lated to meet or exceed the requirements of metabolizable
protein (MP), net energy of lactation (NEL), minerals, and
vitamins for close-up and fresh cows separately (National
Research Council (NRC) 2001). The ingredients and chemical
composition of the basal diet are detailed in Table 1.

Sampling procedure

Bloodsampleswereobtained in themilkingparlor, five times
during the trial period, before the morning feeding on all
cows through the tail vein in 10-mL plain tubes. Samples
were taken 1week before adding the toxin binders to the diet,
3 and 1 weeks before parturition, and 1 and 3 weeks after
parturition (according to the predicted date of calving).
Samples were cooled down at room temperature and serum
was separated by centrifugation (Sigma 1-15p-Sigma-
Laborzentrifugen, Munich, Germany) at 3000×g for 10 min
and stored at− 22 °C until being assayed. In this study, serum
BHBA measured by commercially available kits according
to the manufacturers’ instructions by enzymatic (UV) meth-
od (Biorex Fars, Shiraz, Iran) (assay range, 0.01–
0.32 mmol/L; sensitivity, 0.01 mmol/L; intra-assay, CV <
6.6%; and inter-assay,CV< 10%).NEFAwas evaluatedwith
the Biorex Fars kit (Shiraz, Iran) by calorimetric method
(product code: BXC0473) (assay range, 0.01–0.4 mmol/L;
sensitivity, 0.1 mmol/L; intra-assay, CV < 3.25%, and inter-

assay CV < 3.47%). Glucose was evaluated with enzymatic
colorimetric method (GOD-PAP) using the Biorex Fars
(Shiraz, Iran) kit (assay range, 60–6500 mg/L; sensitivity
60 mg/L; intra-assay, CV < 1.75%; and inter-assay, CV<
1.86%). Albumin was measured with bromocresolgreen
(BCG) method by a commercially available kit (Biorex
Fars, Shiraz, Iran) (assay range, 5–60 g/L; sensitivity, 5 g/
L; intra-assay, CV < 1.13%; and inter-assay, CV < 2.48%).

Table 1. Ingredients and chemical composition of the experimental
diets (DM basis)

Item The amount in the diet (%)

Close-up cow Fresh cow

Ingredients

Alfalfa hay 17.78 24.6

Corn silage 33.51 15.38

Wheat straw 10.46 0

Linseed seed 2.54 4.31

Whole cottonseed 0 5.54

Barley grain 14.12 12.44

Corn grain 6.21 12.04

Soybean meal 3.15 6.7

Cottonseed meal 1.92 3.09

Wheat barn 2.59 6.16

Soybean meal (treated) 2.57 5.6

Bergafata 0.71 0.51

Sugar beet pulp 0 0.91

Sucrose 0 0.55

Magnesium oxide 0 0.05

Sodium bicarbonate 0 0.31

Calcium diphosphate 0 0.17

Sodium carbonate 0 0.21

Vitamin premixb 0.71 0.68

Vitamin D3 0.42 0.48

Vitamin E 0.63 0.27

Anionic salt 2.68 0

Chemical composition (% of DM)

NEL (Mcal/kg of DM) 1.50 1.61

CP 11.8 16.8

NDF 40.5 32.6

ADF 25.6 20.6

Ether-extract 4.2 6.2

DCAD (mEq/kg) − 98 237

Ca 0.4 0.8

P 0.3 0.5

a Fractionated palm fatty acid; palmitic acid (C 16:0) min. 98%.
b Contained 4540 mg/kg of Fe, 5000 mg/kg of Cu, 3400 mg/kg of Mn,
43 mg/kg of Co, 6000 mg/kg of Zn, 140 mg/kg of Se, 3600 kIU/kg of
vitaminA, 360 kIU/kg of vitamin D, and 3 kIU/kg of vitamin E;CP crude
protein, NDF neutral detergent fiber, ADF acid detergent fiber, and
DCAD dietary cation-anion difference
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GGTwas determined with enzymatic (SZAS) method with a
commercially kit (Biorex Fars, Shiraz, Iran) (assay range, 4–
410 U/L; sensitivity, 4 U/L; intra-assay, CV < 2.3%; and in-
ter-assay, CV < 2.85%). AST concentrations were deter-
mined with International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) method without pyridoxal
phosphate using a commercially available kit (Biorex Fars,
Shiraz, Iran) (assay range, 5–300 U/L; sensitivity, 5 U/L;
intra-assay, CV < 1.23%; and inter-assay CV < 1.16%).
SAA was evaluated in serum by Hangzhou Eastbiopharm
Co., Ltd., (Hangzhou, USA) kit (cat. no.: CK-E90546). The
kit uses a double-antibody sandwich enzyme-linked immu-
nosorbent assay (ELISA) to assay the level of bovine serum
amyloid A (assay range, 0.1–40 μg/mL; sensitivity,
0.054 μg/mL; intra-assay, CV < 10%; and inter-assay, CV
< 12%). Hp was determined in serum by a double-antibody
sandwich ELISA with a commercially available kit
(Hangzhou Eastbiopharm Co., Ltd., Hangzhou, USA) (cat.
no: CK-E90126) (with assay range, 3–900 μg/ml; sensitivi-
ty, 1.36μg/ml; intra-assay,CV< 10%; and inter-assay,CV<
12%). LPS concentration in serum was detected via limulus
amebocyte lysate (LAL) test using chromogenic assay with
Thermo Scientific Pierce LAL chromogenic endotoxin
quantitation kit (Rockford, USA). The correlation between
absorbance and LPS concentration is linear in the 0.1–
1.0 EU/mL range. In this method, bacterial endotoxin cata-
lyzes the activation of a proenzyme in the modified limulus
amebocyte lysate (LAL); then, the activated proenzyme cat-
alyzes the splitting of p-nitroalanine (pNA) from the color-
less substrate. The activation rate is proportional to the sam-
ple endotoxin concentration. After stopping the reaction, the
released pNAwas photometricallymeasured at 404–410nm.
The developed color intensity is proportional to the amount
of LPS present in the sample and can be calculated using a
standard curve.Cholesterol concentrationswere analyzedby
colorimetric reactions using specific enzymatic kits accord-
ing to the manufacturers’ instructions (Biorex Fars, Shiraz,
Iran). Iron was determined by the photometric method with
Ferene using a commercial laboratory kit (ParsAzmun,
Karaj, Iran).

Statistical analyses

A repeated measures linear mixed model was used to com-
pare the mean concentrations of different serological fac-
tors within similar weeks between four different experi-
mental groups. The model had the serological measure as
the dependent variable with the group as the independent
variable and time as a repeated measure alongside the in-
teraction between group and time. Statistical analysis was
performed using SPSS software (SPSS for Windows, ver-
sion 16, SPSS Inc., Chicago, IL). The level of statistical
significance was set at p < (0.05).

Results

Effect of the group, time, and group × time on blood
parameters

The p values from the linear mixed models of the effect of the
treatment group, time, and their interaction on the mean con-
centrations of the measured analyzed are shown in Table 2.

LPS concentration in serum

The effect of treatment group and time on the concentration of
LPS is shown in Fig. 1. Mean LPS concentrations were
highest at 1 week before calving (0.48 [(95% confidence in-
terval (CL) 0.4–0.57] endotoxin units (EU)/mL).

APP concentration in the blood

The effect of treatment group on albumin and SAA concen-
trations in serum are shown in Figs. 2 and 3 respectively.
Mean albumin concentrations were highest at 1 week before
calving (31 [(95% CL) 27–34] g/L). The mean concentration
of SAAwas lowest at 3 weeks after calving (6.6 [(95% CL) 6–
7.1] μg/mL). No effect of the treatment group was found for
Hp at any time point even though with a significant
interaction.

Energy status

The effects of the treatment group on BHBA and NEFA con-
centrations are summarized in Figs. 4 and 5 respectively.
Mean BHBA concentrations were highest at 1 week after
calving (1.08 [(95% CL) 0.5–1.5] mmol/L), although the

Table 2. Effect of the experimental groups, time and group × time on
the mean concentration of blood parameters (p values)

Parameters Group Time Group × time

LPS 0.1 < 0.001 0.02

Albumin 0.09 < 0.001 0.9

SAA 0.5 0.002 0.5

Hp 0.5 0.08 0.002

BHBA 0.07 < 0.001 0.09

NEFA 0.56 < 0.001 0.006

Glucose 0.2 < 0.001 0.005

Cholesterol 0.027 0.04 0.06

Iron 0.32 < 0.001 0.16

AST 0.9 < 0.001 0.02

GGT 0.054 < 0.001 0.2

Lipopolysaccharide (LPS), haptoglobin (Hp), serum amyloid A(SAA),
non-esterified fatty acids (NEFA), beta-hydroxybutyrate (BHBA), g-
glutamyl transferase (GGT), and aspartate aminotransferase (AST)
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overall interaction between time and the treatment group was
not significant at 5%. At 1 week after calving, cattle treated
with SCW + BEN (2.3 [(95% CL) 2.1–2.7 mmol/L) had
higher mean BHBA concentrations than control cows (0.6
[(95%CL) 0.4–0.8 mmol/L) (p = 0.056). The pattern was sim-
ilar for mean NEFA concentration, with a peak at 1 week after
calving but only because SCW + BEN cows had significantly
elevated concentrations at that time point. The effect of the
treatment group was significant only at 3 weeks before calving
(p < 0.05). No effect of the treatment group was found for
glucose at any time point even though with a significant
interaction.

Liver enzyme activity

The effect of the treatment group on ASTand GGTactivity in
serum are summarized in Figs. 6 and 7 respectively. There was
an effect of the group only at 1 week after calving; at that time
point, the mean AST activity in the group SCW + BEN was
higher than the control group (p < 0.05). The overall effect of
the treatment group on GGTactivity was significant at the 5%
(p = 0.054), with which treatment groups (22 [(95% CL) 19–
26] U/L, 22 [(95% CL) 18–26] U/L and 20 [(95% CL) 17–24]

U/L for SCW, SCW + BEN, and BEN groups respectively)
being different from the control (26 [(95% CL) 22–30] U/L)
group.

Cholesterol and iron

The effect of the treatment group and time on concentrations
of cholesterol and iron are summarized in Figs. 8 and 9 re-
spectively.Mean cholesterol concentrations in the SCWgroup
was lowest (1194 ± [1092–1296(CL)] mg/L) in that group
mean cholesterol concentrations was lower than the BEN
group (p < 0.05). Mean cholesterol concentrations was lowest
at 1 week after parturition (1140 ± [996–1283(CL)] mg/L).
Mean Fe concentrations at 3 weeks after calving was lowest
(87.6 ± [72.1–103.1(CL)]μg/dL). At that time point, the mean
Fe concentration was lower than 4, 3, and 1 week before
calving (p < 0.05).

Correlation between blood factors

The correlation between BHBA, NEFA, glucose, AST, and
GGTare shown in Table 3. There was a statistically significant
positive correlation between BHBA serum concentrations in

Fig. 1. Mean (± SEM) serum
concentrations of LPS (EU/mL)
4, 3, and 1weeks before and 1 and
3 weeks after parturition. (n = 6
(six in each group), * p < 0.05).

*

Fig. 2. Mean (± SEM) serum
concentrations of albumin (g/L) 4,
3, and 1 weeks before and 1 and
3 weeks after parturition. (n = 6
(six in each group), * p < 0.05).
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response to NEFA serum concentrations (τ = 0.168, p < 0.05).
An increase in NEFA serum concentrations was associated
with an increase in AST serum concentrations (τ = 0.303,
p < 0.05). Analysis of the obtained data revealed that an in-
crease in NEFA serum concentrations was associated with a
decrease in glucose serum concentrations (τ = − 0.220,
p < 0.05). There was a significant negative correlation be-
tween serum glucose concentrations and AST serum concen-
trations (τ = − 0.286, p < 0.05) and an increase in the AST
serum concentrations was associated with an increase in the
GGT serum concentrations (τ = 0.283, p < 0.05).

Discussion

Emmanuel et al. (2008) reported that dairy cows on a diet
containing barley grain at concentrations of 0%, 15%, 30%,
and 45% of DM had LPS blood concentrations of 654, 790,
5021 and 8870 ng/mL respectively. The barley content of the
diet fed in the present study was between 12 and 14.2%. In
another study, dairy cows were fed a control diet containing
70% of forage and 30% mixed concentrates (DM basis), a
high grain diet (38% wheat-barley pellets, 32% mixed con-
centrates, and 30% of forages), or a diet containing alfalfa

pellets (45% of mixed concentrates, 32% of alfalfa pellets,
and 23% of other forages). The author showed that the rumi-
nal LPS concentrations were 8333; 124,566; and 18,425 EU/
mL, respectively (Li et al. 2010). The experimental diet of our
study contains 48.71% mixed concentrates (DM basis) for
close-up cows and 60.02% mixed concentrates (DM basis)
for fresh cows. Although LPS concentrations in the rumen
were not measured, we expected that this diet could increase
the LPS concentration in the rumen.

Magata et al. (2015) investigated the concentrations of bac-
terial LPS in the blood and uterine fluid of a clinical case of
bovine metritis and the LPS concentrations in plasma and
uterine fluid were 0.94 and 6.34 EU/mL, respectively.
Gozho et al. (2007) induced sub-acute ruminal acidosis in
dairy cows and measured LPS concentrations in the serum.
They showed that, serum LPS concentrations in both control
and SARA cows were less than the detection limit of <
0.01 EU/mL for the assay. In the present study, the mean
LPS concentration in serum was 0.29 ± 0.01 EU/mL.
According to our results, differences between the LPS con-
centration in blood in the control group and groups that re-
ceived endotoxin binders was not statistically significant,
probably because translocation of free ruminal LPS into the
blood circulation depends on the integrity of the rumen wall.

Fig. 3. Mean (± SEM) serum
concentrations of Serum Amyloid
A (SAA) (μg/mL) 4, 3, and
1 weeks before and 1 and 3 weeks
after parturition. (n = 6 (six in
each group), * p < 0.05).

 

*

Fig. 4. Mean (± SEM) serum
concentrations of BHBA
(mmol/L) 4, 3, and 1 weeks
before and 1 and 3 weeks after
parturition. (n = 6 (six in each
group), * p < 0.05)
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Damaged rumen epithelium can lead to a pathogen infiltration
like LPS (Nordlund et al. 1995). We did not induce sub-acute
ruminal acidosis; probably the rumen epithelium was not
damaged to translocate LPS into the blood circulation or liver
succeeded in detoxification of free ruminal LPS. Andersen
(2003) reported that the liver can detoxify free ruminal LPS
that translocates into the hepatic portal circulation before the
LPS reaches the blood circulation. Studies by Andersen and
Jarlov (1990) and Andersen et al. (1994) did not detect LPS in
the peripheral blood circulation when acute acidosis was in-
duced. LPS concentration in blood was higher in the BEN
group at 1 week before calving. According to a similar level
of diet concentration which treatment animals received, the
elevation of the LPS concentration in the BEN group might
be due to another source of endotoxin. Although there was not
any sign of infection in experimental animals, theymight have
had a subclinical infection.

It is widely accepted that acute-phase proteins are increased
in the blood when free LPS translocate from the digestive tract
into circulation (lipopolysaccharide binding protein, C-reactive
protein, SAA, andHp) in dairy cows and beef cattle (Emmanuel
et al. 2008; Khafipour et al. 2009c; Zebeli and Ametaj 2009).

The APP concentrations are related to the severity of the
disorder and the extent of tissue damage in the affected ani-
mal; quantification of their concentration can provide diagnos-
tic and prognostic information (Murata et al. 2004).

Major APPs in cattle that increase markedly in the
acute-phase response are haptoglobin (Hp) and serum am-
yloid A (SAA) (Conner et al. 1986; Alsemgeest et al.
1994). Nazifi et al. (2008) showed that the concentration
of Hp in clinically healthy cattle is 0.20 ± 0.03 mg/mL.
Takahashi et al. (2007) reported that SAA concentrations
range in healthy cows from 3–135 μg/ml with a median of
14 μg/ml. SAA plays a role in detoxification of endotoxin
and it may be involved in the local defense mechanism of
the gut to endotoxin challenge (McDonald et al. 2001).
However, the rise in SAA concentration can be found in
cows at parturition (Alsemgeest et al. 1993) or subjected
to physical stress (Alsemgeest et al. 1995),suggesting that
any APP response is not indicative of inflammation. Hp
reduces the oxidative damage associated with hemolysis
by binding to hemoglobin which also attributes to the
variety of immunomodulatory effects (El-Ghmati et al.
1996; Yang et al. 2003).

 

*

Fig. 5. Mean (± SEM) serum
concentrations of non-esterified
fatty acid (NEFA) (mmol/L) 4, 3,
and 1 weeks before and 1 and
3 weeks after parturition. (n = 6
(six in each group), * p < 0.05).

*

Fig. 6. Mean (± SEM) serum
concentrations of Aspartate
aminotransferase, (AST) (U/L) 4,
3, and 1 weeks before and 1 and
3 weeks after parturition. (n = 6
six in each group, * p < 0.05).
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Results of this study show that SAA and Hp and albumin
were within the reference range during the whole study
period. We suggest that an increase in APP depends on the
severity of the inflammation which is in accordance with the
finding by Alsemgeest et al. (1994) and Horadagoda et al.
(1999). The results suggest that the levels of blood LPS
through feeding the diet used in this work were low and not
able to initiate an APP response.

Declined concentrations of albumin and cholesterol may be
a consequence of a reduced liver synthesis of usual proteins.
Accordingly, lower lipoprotein concentrations result in lower
serum cholesterol. Reduced serum concentrations of albumin
and cholesterol can occur during the acute-phase response
when the activity of the liver starts to produce other proteins
such as SAA and Hp (Bertoni and Trevisi 2013). Low plasma
cholesterol is associated with disturbances of plasma amino
acids and severity of the acute-phase response (Chiarla et al.
2004). In the study of Chiarla et al. (2004), cholesterol mea-
surement for the whole study during sepsis was 3.1 ±
1.1 mmol/L which is equal to 558 mg/L. In the current study,
cholesterol measurement for the whole study was 1290 mg/L

which is equal to 7.1 mmol/L. The results of this study showed
that cholesterol concentration was higher in the experimental
cows of our study compared to Chiarla’s study during sepsis.
We suggest that the acute-phase response was not stimulated
in the experimental cows of this study. In addition, acute-
phase proteins (albumin, SAA, and Hp) were in reference
range. Cholesterol concentration was lower in the SCW
group, probably due to a lower lipoprotein concentration.
Cholesterol reference values in cattle are 650–2200 (mg/L)
(Constable et al. 2017).

Baydar and Dabak (2014) reported a declined Fe con-
centration during the inflammation. Zebeli et al. (2010)
showed a strong inverse relationship between rumen en-
dotoxin and plasma concentration of Fe. Fe reference val-
ue in cattle is 570–1620(μg/L) (Constable et al. 2017).
The result of our study showed that the Fe concentration
decreased since 1 week before parturition. Although it
might be due to inflammation, we selected healthy ani-
mals with no sign of infection. Moreover, APPs were in
reference range; however, the decrease in the Fe concen-
tration might be due to subclinical infection.

 

Fig. 7. Mean (± SEM) serum
concentrations of G-glutamyl
transferase, (GGT) (U/L) 4, 3, and
1 weeks before and 1 and 3 weeks
after parturition. (n = 6 (six in
each group), * p < 0.05).

Fig. 8. Mean (± SEM) serum
concentrations of cholesterol (mg/
L) 4, 3, and 1 weeks before and 1
and 3 weeks after parturition. (n =
6 (six in each group), * p < 0.05).
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Despite the advantages of measuring of serum activities of
hepatic enzymes, it also involves some limitations (Bogin
et al. 1988; Sevinc et al. 1998, 1999). AST activity in serum
is fairly well correlated to hepatic lipidosis, but this enzyme is
nonspecific to hepatic tissue (Reid and Roberts 1983, Roussel
et al. 1997). Moreover, GGT is more specific to liver tissue,
but the correlation of these serum activities with hepatic
lipidosis is not as high (Body et al. 1964).

Sevinc et al. (2001) showed that GGT, AST, and albumin
concentrations seem to be helpful parameters for measuring
liver function in cows with fatty liver. However, because of
considerable individual variations of these results, they should
be interpreted with caution. The AST reference range in cattle
is 78–132 (units/L), for GGT is 6.1–17.4 (units/L), and for
albumin is 21–36 (g/L) (Constable et al. 2017).

In this study, AST concentrations increased from 1 week
before calving until 1 week after calving except in the control
group and it was higher especially in the SCW + BEN group;
these results might be attributed to the liver damage that was
present in cows of this group. GGT concentrations increased
from 1 week before calving in all four groups especially in the
SCW + BEN group. Elevation of liver enzymes especially in
the SCW + BEN group might be due to liver damage.

The concentration of NEFAs in blood reflects the degree of
adipose tissue mobilization (Pullen et al. 1989). The BHB
reference range in cattle is 0.35–0.47 mmol/L (Constable
et al. 2017). High concentrations of BHBA and NEFA
reflect the high level of fat mobilization. A study by
Drackley (2000) suggests that normal NEFA blood concentra-
tions are less than 0.2 mmol/L. Glucose concentrations de-
creased from 3 weeks before parturition in each group.
Lower blood glucose concentrations should be correlated with
lower insulin concentrations, leading to an increase in lipoly-
sis and glycogenosis (Herdt 2000).

Some studies support the possible role of endotoxins re-
leased by gut flora in diseases around parturition such as fatty
liver (Andersen 2003; Ametaj 2005; Ametaj et al. 2010).

Ametaj et al. (2010) hypothesized that fatty liver develops as
a result of a rapid removal of endotoxin particles by liver
hepatocytes. SAA in association with lipoproteins especially
high-density lipoprotein bounds and neutralizes endotoxins,
which enter into the blood circulation. Besides, the clearance
of the endotoxin-SAA-lipoprotein complex by hepatocytes
results in the accumulation of triglyceride-rich lipoprotein
and development of fatty liver (Ametaj et al. 2010).

In this study, BHBA and NEFA of the blood in the SCW +
BEN group increased 1 week after calving even though the
treatment animals received endotoxin binders. It is likely be-
cause average milk yield of the previous lactation in SCW +
BEN group was higher than that of other groups. The average
milk production of the previous lactation for SCW, SCW +
BEN, BEN, and control groups were 34.2, 38, 35.3, and 35.7
respectively. High-producing dairy cows are more prone to
production disorders around parturients (Dobson et al.
2007). Obviously, the negative energy balance was more pro-
nounced in the SCW + BEN group at 1 week after calving,
probably due to their higher milk yield and consequently
higher energy demand for milk production. The LPS concen-
tration in blood was low, and also, APPs were in the reference
range. Accordingly, we suggest that if there was evidence of
liver damage, it could not be due to the clearance of the
endotoxin-SAA-lipoprotein complex by hepatocytes and ac-
cumulation of triglyceride-rich lipoprotein in this study.

We observed a correlation between the increase in NEFAs
and BHBA and a decrease in glucose with blood GGTand AST
levels. We assume that an increase in NEFAs and BHBA fol-
lowing an increase in energy demand results in the accumulation
of triglycerides in the liver and damage to the liver can result in
increased levels of liver enzymes (GGT, AST). It supports the
theory that around parturition and during negative energy bal-
ance, the liver might be prone to damage due to the accumula-
tion of excessive triglyceride in hepatocytes (Bobe et al. 2004).
Further research, however, is needed to verify this theory and the
effect of endotoxin binders on the performance of dairy cows.

Fig. 9. Mean (± SEM) serum
concentrations of Fe (μg/L) 4, 3,
and 1 weeks before and 1and
3 weeks after parturition. (n = 6
(six in each group), * p < 0.05).
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Due to an increase of carbohydrates in diet relative to for-
age, the concentrations of LPS in the rumen should have in-
creased. The pH of the rumen fluid was not measured so it is
not known if the diet resulted in acute or sub-acute ruminal
acidosis. Our results show that even in the control group that
did not receive endotoxins binders, LPS concentrations were
not elevated and the difference in LPS concentrations between
groups was not significant.

In conclusion, although we did not measure the LPS
concentration in feces or rumen, according to the level of
concentration that we used in this study, the LPS concen-
tration in blood was not high. So, it did not stimulate the
acute-phase response and, therefore, increased the APP
concentration in the blood. We think that at the level of
concentration that we used in this study, it is not profit-
able to use endotoxin binders for adsorbing endotoxins in
the diet because the LPS concentration in blood was not
high to stimulate the immune system and has an impact
on animals’ health even in the control group that did not
receive endotoxin binders. Due to the increased cost of
nutrition that we use in dairy cow diets, it is essential to
evaluate benefits of ration additives. Evidence of liver
damage was present in one of the experimental groups
(SCW + BEN) expressed by an increase in the concentra-
tion of liver enzymes (GGT and AST). Moreover, due to
the pronounced negative energy balance in that group, we
suggest that they might be in some stage of fatty liver.
However, according to low blood LPS, we think that, it is
not due to the clearance of the endotoxin-SAA-lipoprotein
complex by hepatocytes and accumulation of triglyceride-
rich lipoprotein. Results of this study showed that there is
no evidence of a benefit in the combined or separate feed-
ing of bentonite and Saccharomyces cerevisiae cell wall
for adsorbing endotoxins in the diet in transition cows.

We suggest further research for evaluating the efficacy
of endotoxin binders on cow’s health in the transition
period and the role of endotoxin in development of dis-
ease around parturition like fatty liver.
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