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ABSTRACT: The goal of this study was to find out how drinking whey-enriched ad-libitum water affected oxidative
stress and inflammation in 24 Merino lambs that were putting on weight. To do this, lambs were randomly split into two
groups and given eitherad libitum freshwater (control) or whey-enriched water (whey), clover as roughage, and lamb
grower concentrate feed as their daily ration. Blood samples were collected before the trial (T1), on the 15th (T2),),
and 30th (T3) days, and hemogram; serum antioxidant enzymes (Superoxide dismutase, SOD; Glutathione peroxidase,
GSH-Px); inflammation response (C-Reactive Protein, CRP), complement activation; chemokine markers (Comple-
ment Component 4, C4), lymphocyte activation factor (IL-1), systemic inflammation cytokines. The rate of hematocrit
was found to be higher in the experimental group in T3 (35. 55 + 10. 54) compared to the control group (44. 50 + 2.
58). T2 and T3 showed higher platelet amounts in the whey group than the control group (p<0. 05). In conclusion, with
the use of whey-enriched drinking water, no significant change was observed in the amounts of TNF-a, SOD, MDA,
IL-1pB, C4, CRP and live weight gain under these study conditions between the two groups.
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INTRODUCTION
ey is a broad name for the clear liquid fraction-
of milk that remains after the cheese-making
processes like coagulation and curd removal (Hoffman
and Falvo, 2004). In addition to branched-chain amino
acids, vitamins, and minerals, whey proteins contain a
high level of essential amino acids (Hoffman and Fal-
vo, 2004). Whey proteins are separated from this liquid
by various methods. While 80% of the whey obtained
from cow milk, which contains approximately 3. 5%
total protein, consists of casein, the remaining 20% of
it consists of whey proteins (Hoffman and Falvo, 2004;
Hulmi et al., 2010)considering the variety of proteins
that are available much less is known concerning the
benefits of consuming one protein versus another. The
purpose of this paper is to identify and analyze key fac-
tors in order to make responsible recommendations to
both the general and athletic populations. Evaluation
of a protein is fundamental in determining its appro-
priateness in the human diet. Proteins that are of inferi-
or content and digestibility are important to recognize
and restrict or limit in the diet. Similarly, such knowl-
edge will provide an ability to identify proteins that
provide the greatest benefit and should be consumed.
The various techniques utilized to rate protein will be
discussed. Traditionally, sources of dietary protein are
seen as either being of animal or vegetable origin. An-
imal sources provide a complete source of protein (i.
e. containing all essential amino acids. In a study, the
differences within groups, however, were determined
to be insignificant in the control group, where the lack
of whey as an energetic feed ingredient resulted in a
decreased quantity of intramuscular and sternal fat
(Dayani et al., 2011). The major whey proteins of cow
milk are 55% B-immunoglobulin, 20% o-lactalbumin,
and 7% albumin (El-Agamy, 2007). Leucine is the
main amino acid in whey and whey is rich in the amino
acid cysteine (Hoffman and Falvo, 2004; Pal and Ra-
davelli-Bagatini, 2013) considering the variety of pro-
teins that are available much less is known concerning
the benefits of consuming one protein versus another.
The purpose of this paper is to identify and analyze key
factors in order to make responsible recommendations
to both the general and athletic populations. Evaluation
of a protein is fundamental in determining its appropri-
ateness in the human diet. Proteins that are of inferi-
or content and digestibility are important to recognize
and restrict or limit in the diet. Similarly, such knowl-
edge will provide an ability to identify proteins that
provide the greatest benefit and should be consumed.
The various techniques utilized to rate protein will

be discussed. Traditionally, sources of dietary protein
are seen as either being of animal or vegetable origin.
Animal sources provide a complete source of protein
(i. e. containing all essential amino acids. Cysteine
increases glutathione levels and enhances antioxidant
capacity (Margaritelis et al., 2020). It was reported that
lactoferrin in whey had a regulating effect on cytokine
release, and this function might aid in the prevention of
tissue-damaging inflammation (Héversen et al., 2002;
Mattsby-Baltzer et al., 1996).

Physiological and psychological stresses can cause
the release of proinflammatory cytokines such as IL-1,
IL-6, and TNF-caare thought to be major early inducers
of organ damage. In humans, IL-1 is a proinflammato-
ry cytokine with a razor-thin boundary between ther-
apeutic benefit and severe damage (Dinarello, 1996).
C-Reactive Protein (CRP) is an acute-phase protein; its
levels correlate well with the intensity of inflammation,
and its increase may indicate postoperative complica-
tions (Gabay and Kushner, 1999). At the same time,
CRP has several cardiovascular effects (clotting, the
production of oxygen radicals, an increase in the ex-
pression of adhesion molecules, plasminogen activator
inhibitor-1, and plaque destabilization) that may lead to
cardiovascular disease (Prasad, 2006). C4 is part of the
complement system and has a modulator role during
inflammation (Danyer et al., 2021). GSH-Px and SOD
can decrease oxidative production by preventing lipid
peroxidation. GSH-Px can facilitate the reaction be-
tween hydrogen peroxide (H,0O,) and reduced glutathi-
one to generate water and oxidized glutathione. SOD
is a key component of the antioxidant system, which
eliminates superoxide and protects cells from injury
and MDA is a naturally occurring mutagenic and car-
cinogenic (Wang et al., 2011) naturally occurring prod-
uct of lipid peroxidation and prostaglandin biosynthe-
sis (Marnett, 1999). Complement is a very important
component of innate immunity and uses both foreign
microbial pattern recognition and antigen-specific acti-
vation (Mcgreal et al., 2012).

Whey has wide usage area in farm animal nutrition.
Whey protein concentrate is one of the most common-
ly used sources of animal protein in the diet of piglets
(Zhao et al., 2014). Since whey is quite cheap, it can
also be a source of nutrients for lambs and calves in
the growing period (Kushibiki et al., 2001). It is known
that the use of whey as a feed ingredient for lactating
goats provides advantages in reducing feed costs and
preventing negative environmental effects (Rapetti et
al., 1995). Many studies have been conducted on whey
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that subjecting ruminants. In a study, the addition of
whey caused the fermentation of potato mixed silage
and it was concluded that better feed conversion ra-
tios would be obtained with whey-potato mixed silage
compared to other diets (p< 0. 05) (Nkosi and Meeske,
2010). It was determined that the use of whey increased
the cow’s live weight gain (Galloway et al., 1993). In
another study conducted parallel with this study at the
same time, it was determined that the use of whey in
lambs increased the final loin eye depth by 4. 7 times
(Eseceli et al., 2021). Also, it is found that whey ad-
ditives had an association with the intraluminal liquid
flow rate and the amount of uric acid excreted by urine
increased in lambs (Susmel et al., 1995). It was found
that colostrum whey had a stimulating effect on serum
complement activity in newborn calves (Rokka et al.,
2001). In a study conducted on Alpine and Saanen
goats, it was determined that the use of whey with 6.
5% total solid content increased the milk yield and fat
ratio, curd firmness, and coagulation time (Rapetti et
al., 1995). Also, ruminants can handle up to 30% of
their total dry matter intake as whey without having
negative side effects (Schingoethe, 1976). The use of
whey has been discussed in many studies in the nutri-
tion of ruminants for more than fifty years (DePeters
et al., 1986; Rapetti et al., 1995; Schingoethe, 1976;
Susmel et al., 1995; Thivend, 1978; ZoBell et al., 2005)
however, there are not many studies on the inflamma-
tion, oxidant, and antioxidant parameters in lambs.

It is known that oxidative stress contributes to nu-
merous pathological conditions, including ageing and
muscle fatigue. So, fattening performance has a close
association with oxidative parameters. Whey effects
need to be evaluated since these parameters signifi-
cantly affect body weight gain and health status. In
animal-sourced production, producers should consid-
er animal welfare. Another reason for the importance
of the animal’s welfare is the association with animal
performance. For the reasons listed, it is important to
observe and evaluate inflammation and stress parame-
ters. In previous studies, the focus topics were mainly
concentrated on the performance parameters. In this
study, besides live weight performance, animal welfare
was also wanted to be observed. Another contribution
of this study to the literature will be to evaluate the pos-
sibility of using whey by dissolving it in the water.

The objective of this study is to evaluate the ef-
fects of whey used with drinking water on the selected
hemogram, serum iron, lymphocyte activation factor
(IL-1B), systemic inflammatory cytokine (TNF-a), in-

flammation response parameter (CRP), complement
activation, chemokine marker (C4), serum antioxi-
dant enzymes (SOD and GSH-Px), lipid peroxidation
marker (MDA), andlive weight alteration perfor-
mance in weaned three-month-old male lambs.

MATERIALS AND METHODS

Animals, study design and power analyses

In this study, 24 weaned, three months old Meri-
no lambs (23. 44 £ 0. 62 kg) were divided randomly
into two equal groups, each containing 12 lambs. The
power analysis of the study was performed with the
G Power 3. 1. 9. 7 program for repeated measures in
ANOVA, and when the effect size was taken as f:0. 28
with a error probability: 0. 05.

Experimentalration

While the control group had ad libitum freshwater,
the whey group had ad libitum whey powder (Astosan,
Gonen, Balikesir) added to drinking water. From mid-
March to early-May 2019 in Gonen/Balikesir (40° 6
28. 7058"'N, 27° 38" 12. 0192"'E), 6. 56 g of whey
powder was dissolved in a small container before be-
ing put into the whey group water tank and complet-
ing the 100 L final capacity for enhancing liquid whey
(Esecelietal., 2021). According to the manufacturer’s
recommendations, the daily concentration was deter-
mined to be 65 ppm/day for 12 lambs. Whey powder
was transformed into liquid whey and added to drink-
ing water due to its simplicity of transportation and
storage and minimal risk of degradation. According
to Thivend (1978), at least one week should be es-
tablished for the adaptation of rumen microorganisms
before the whey is used in ruminants. Therefore, the
experiment was performed for 30 days after 15 days
of adaptation. The two groups were fed the same ra-
tion, and the drinking water that they consumed only
ad libitum varied as to whether it was whey-enriched
(Whey group) or not supplemented (Control group).
Body weights of lambs were recorded on days 0 (ini-
tial, T1), 15 (mid, T2), and30 (final, T3) of the study.
All recordings were done on the same day. The feed
was sampled at the beginning of the study, and all an-
imals received the same batch during the study. Feed
analyses were undertaken according to the Weende
analysis system. Detailed information can be found
on feed and whey analyses in (Eseceli et al., 2021).

Sample Collection Procedure
On day 0 (T1) during which the study started, and
on days 15 (T2) and 30 (T3) of the experiment, before
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the first feeding, blood samples were collected from the
jugular vein with a 21-gauge vacuum tube cannula into
a self-vacuum tube with K. EDTA (Vakutest® Kima) for
hemogram analyses and 8 ml gel blood tubes for serum
biochemical analyses. After blood collection, the sam-
ples were brought to the laboratory in a cold chain and
centrifuged at 22°C for 10 minutes at 2000 g to obtain
serum. Serum samples were stored at -80°C until anal-
ysis and were slowly thawed at 4°C before analysis.

Laboratory analyses

Hemogram analyses of red blood cells (RBCs),
hemoglobin (HGB), hematocrit (HCT), mean cor-
puscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), platelets (PLT), and CRP were
done with the reference materials recommended by
the manufacturer and calibrated with the calibration
liquid before each use. Automatic blood count equip-
ment (Mindray® BC2800 Vet) was used to look at the
blood samples within a maximum of 24 hours. The
enzyme-linked immunosorbent assay (ELISA) meth-
od was used to determine the biochemical parameters
because it was fast, easy to use, accurate, and precise.
ELISA kit brands and catalog numbers are listed:
GSH-Px (MyBioSource, MBS739813), C4 (Sunred-
bio, 201-07-0386), IL-1B (Sunredbio, 201-07-0010),
MDA (Sunredbio, 201-07-0086), SOD (Sunredbio,
201-07-1566), and TNF-a (Sunredbio, 201-07-0060).
The ELISA method was performed according to the
kit instructions. ELISA kits and hemogram analyz-
er maintenance and validation procedures were per-
formed according to the manufacturer’s recommen-
dations. Materials for validation and internal quality
control solutions were provided by the ELISA kit
and hemogram analyzer manufacturers. Serum iron
analyses were carried out with an inductively coupled
plasma mass spectrometer (ICP-MS) (Agilent 7700x,
Agilent Technologies®) after pretreatment in the mi-
crowave (Berghof Instruments).

For quality control of the analyses, all samples
were tested in duplicate, and differences of 0. 05%
were accepted between duplicate analyses. The in-
tra-assay coefficient of variation (CV) and the in-
ter-assay CV were determined by analyzing six sam-
ples on three different occasions.

Statistical analyses

Before starting the randomization of the lambs,
the Grubbs test was performed to see if there was a
significant difference in the live weight. The normal

distribution of the results was controlled using the
Shapiro-Wilk test, and the homogeneous distribution
of variances was controlled by Levene’s test. The
general linear model of repeated measurements was
used in the comparison of repeated measurements.
The results were examined in terms of diet and time
effects according to the model below.

Yij=,u+ai+ﬂj+ (ozﬁ’)ij%—sij

Where;

Yij is the dependent variable, pis the overall mean,
a. is the systemic effect of whey enriched or normal
drinking water, ﬂj is the systemic time effect (T1, T2,
T3), (oz[)’)ij and the &; is the random error.

The results were reported as group means and stan-
dard error means. The Tukey Multiple Range Test was
applied to look at differences after the fact, and the depen-
dent samples t-test was conducted to look at differences
between the two times. Friedman and Mann-Whitney U
tests were used to evaluate the non-normally distributed
parameters (HCT, MCV, MCH, MCHC, and GSH-Px).
A binomial logistic regression was used to identify in-
dependent predictors of outcomes for the multivariate
analyses. For this purpose, lambs’ 120" day weight was
calculated as the cutoff value. The independent variable
is the drinking of whey enriched water or not, the body
mean weight of first, middle, and last days, and age (in
days); the dependent variable is the weight of the last
body, as well as whether it is over or under 37. 2 kg.
Backward elimination was used to determine the initial
model. Hosmer-Lemeshow goodness-of-fit statistics
were used to assess model fit. The Jamovi V. 1. 8. 1
program was used in the statistical evaluation. The limit
of statistical significance was considered as p<0. 05 for
all analyses. The data that support the findings of this
study are available from the corresponding author upon
reasonable request.

RESULTS

Study ration, live weight gains results

Table-1 (concentrate feed ingredients) and Table-2
(chemical make-up of the concentrate, roughage, and
whey used in the study) show the concentrate and
roughage nutrient content of the experiment. Prior to
randomizing the lambs, initial live weight differences
were checked to control the significant outliers by the
Grubbs test, and it was concluded there were no out-
liers in the live weight of all lambs. Live weight mea-
surements have been shown in Table-3 and displayed
in Figure-1.
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Table 1. Ingredients of concentrate of the study ration (Eseceli et al., 2021).

Item Amount (g/kg) Item Amount (g/kg)
Wheat bran 251 Rice bran 35.5
Corn grain 170 Limestone 31

Corn germ meal 127.3 Ammonium chloride 6
Barley 100 Molasses 5
Sunflower meal 96. 4 Provin 5
Bonkalite 80 Salt 3
Linseed meal 50 Vitamin Mineral Premix? 1.5
DDGS! 38.3

Distiller’s dried grains with soluble.
150 mg ZnSO,. 7H,0, 80 mg MnSO,. H,0, 200 mg MgO, 5 mg CuSO,. 7H,0, 1 mg KIO,, 5000 IU vitamin A, 1000 IU vitamin D,
and 20 IU vitamin E.

Table 2. Dry-matter nutrient levels and calculated energy content of the study ration (as dry matter) (Eseceli et al., 2021).

Item Concentrate Wheat straw Whey powder
Dry matter (g kg™!) 875.8 927 974. 1
Crude protein (g kg™!) 225.2 48.0 174.3
Crude Ash (g kg™) 95. 1 76. 1 85.3
Crude fat (g kg™") 75.9 16 19
Crude fiber (g kg™) 83.3 323.6 -
NDF (g kg!) 227.3 730.5 -
ADF (g kg?) 105. 1 494. 4 -
ADL (g kg") 40. 4 88 -
NFC (g kg™ 376.3 129.4 721. 4
DE (MJ kg!) 12.76 10. 20 12.79

Abbreviations: NDF: Neutral Detergent Fiber; ADF: Acid Detergent Fiber; ADL: Acid Detergent Lignin; NFC: Non-Fiber
Carbohydrate.

Table 3. Live weight (kg)measurements at 90" (T1), 105" (T2)and 120" (T3) days (Mean + SD).

Mean + SD p-value
Parameter Group T % T3 SEM Group _ Time
. . Control 23.51+3.98¢ 29.76 +5.23» 36.27+5.28° "
Live weight (kg) 'y o 23.37+1.8 30104274 37.20+3.600 11 0.8 0.001

*: p-value<0. 05, Values in the same row, appearing in pairs differ at a, b, c.
Abbreviations: SD: standard deviation; SEM: standard error of the mean.

45

= 404

=

@

=

2 group
P Control
et Whey
=

=

=

o™~

30 4

25 4

20 25 30
90th day live weight
Figurel. Scatter plot of the 90" day to120" day live weight (kg) measurements of the individuals with + 2 standard deviation confi-
dence intervals.
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As expected, all animals’ live weights were in in-
creasing trend in every measurement time. However,
whether they drink water that has whey added to it
or not has no effect on their live weight. In the bi-
nominal logistic regression model with -2 Log-like-
lihood, andwere found to be 13. 25, 0. 56, and 0. 75,

determined by duplicate analyses of certain samples
and was below 3. 9%; the inter-assay CV (6. 8%) was
determined by analyzing six samples on three differ-
ent occasions.

Hemogram results

It was determined that the erythrocyte and hemo-
globin values were within the limits at the three mea-
surement times and that there was no difference be-
tween the groups (Table-5). Although it was observed
that the hematocrit value of the two groups was slight-
ly outside the limits at the beginning of the study and
remained below the lower limit in the second mea-
surement, it was observed that the percentage of he-
matocrit in the whey group (43. 18 £ 9. 85%) was
higher in comparison to the control group (35. 55 +10.
54%), although it was within the reference values in
T3 (p<0. 05). It was determined that the MCV value
was higher compared to the control group and outside

respectively. The Chi-square and significance of the
Hosmer-Lemeshow test were 6. 76 and 0. 56, respec-
tively, for Hosmer-Lemeshow test. Binominal logis-
tic regression analysis findings showed that a 90"live
weight has a 3. 46-fold effect (odds ratio) to gain one
more kg on the 120" day (p=0. 02) (Table 4).

Power of the study and quality control results of
the analyses

The power of our study (1-B error probability) for
three repeated measurements was calculated as 0. 83.

The intra-assay coefficient of variation (CV) was

Table 4. Logistic regression model for 90" day live weight (kg) and group (drinking water type) differences.

95%C. 1. for p- value

Parameters B S.E. Wald f p-value  Exp (B) Lower Upper
Constant -30. 61 12. 45 6. 05 1 0.1 0.01%*

90. day live weight 1.24 0.52 5. 66 1 0.02* 3.47 1.24 9. 65
Drinking water type 2.05 1.52 1. 81 1 0.8 7.75 0.39 152. 45

Abbreviations: SE:Standard error. C. I:Confidence interval. *: p-value<0. 05.

Table 5. Red blood cell (RBCs), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets (PLT), and serum iron (Fe) results were compared with
reference values (Mean + SD).

Mean + SD p-value
Parameter Group T1 ™ T3 SEM Group _Time
RBCs (107L) __ Control  10.23 + 0. 83 10. 28 = 0. 85 10.20£0.96 015 "
[9-15] Whey  10.74+1.01 10. 90 + 0. 81 10.91+1.07  0.16 '
HGB (<10 g/L)  Control  12.68 +0.94 11.89+ 0. 95 L7102 024 o o
[9-15] Whey  10.85+2.15 12. 66 + 0. 90 12.64+1.14  0.23 '
HCT (%) Control  46.31+3.64  25.60%2.18  35.55+10.54% LO8 " o o
[27-45] Whey  46.30+5.35°  25.23+2.18°  43.18+9.85 .12 :
MCV (fL) Control ~ 45.38+2.35  24.97+ 1.5  3455£8.06®  0.80 . o
[28-40] Whey  44.25+3.43  23.15+1.37°  44.50+2.58*  0.82 '
MCH (pg) Control  12.37+0.77  11.51%0.50 43062 017 oo
[8-12] Whey  10.40+1.64%  11.57+0.46 11.54+0.64  0.16 '
MCHC (<10g/L) Control 2738 1.52% 46,45+ .31  34.70=7.10%  0.74 "\ = 0.
[31-34] Whey  23.33+£2.88"®  50.30+2.16"  26.03+0.81"®  0.71 001*
PLT (10°L) Control 681,00 102, 10° 458.75 % 115.90% 432.58 % 177.06™ 34.55 " .~ 0.
[280-650] Whey  770.91 +359. 56* 584.50 + 164. 03 667. 41 + 164. 88" 33.52 001*
Tron (Fe) Control  93.63+35.61  90.66+73.17  46.54+10.44  11.71
pmol/L Whey  65.24£26.81  92.57+£29.06  75.90+38.77  7.58 o+ 0-22

[11.46-40. 11]
*: p-value <0. 05. Values in the same row, appearing in pairs differ at a, b; values in the same column, appearing in pairs differ at A,
B. Abbreviations: SD:Standard deviation; SEM:Standard error of the mean. Iron reference intervals obtained fromhttps://www. vet.
cornell. edu/animal-health-diagnostic-center/laboratories/clinical-pathology/reference-intervals/chemistry
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the reference limits at T3. MCH and MCHC levels
vary according to other hemogram parameters. Plate-
lets dropped in both groups based on measurement
times, and they were found to be significantly great-
er in T3 in the whey group compared to the control
group in T3 (p<0. 05). Both groups’ serum iron levels
were unaffected by enriched whey drinking water.

Biochemical results

Although there was no difference between the
groups in aspects of the inflammation response pa-
rameter (CRP), complement activation and chemo-
kine marker (C4), lymphocyte activation factor IL-
11, systemic inflammation cytokine (TNF-a, MDA,
GSH-Px, and SOD) concentrations (Tables 6 and 7),
the GSH-Px concentration increased slightly within
the two groups at each measurement time. Between
T1 and T3, the rising trend in GSH-Px concentration
was around 7 U/L in the whey group and 20 U/L in the
control group, as shown in Table-7.

DISCUSSION
It has been reported that whey can be used as a
source of energy and nitrogen for ruminants (Thivend,

1978). Ruminants may consume up to 30% of their
dry matter as liquid whey without experiencing per-
formance issues, but pigs may have diarrhea if they
consume more than 20% of their dry matter as liquid
whey (Schingoethe, 1976). There have been studies
on the use of whey in ruminants for many years. How-
ever, there are not enough studies on the blood param-
eters discussed in this study.

It was observed that the HCT value was higher in
the whey group at the T3 measurement. It has previ-
ously been reported that using liquid whey may cause
excessive urination (Schingoethe, 1976; Susmel et al.,
1995). Although the amount of urination was not re-
corded in this study, there was no difference in HCT
levels between the two groups at T1; however, the
fact that the percentage of HCT was found to be sig-
nificantly greater in the whey group at T3 suggested
that the whey group may have more water loss com-
pared to the other group. Repeating the experiment in
hot climate conditions will reveal this situation more
clearly. The reason for this higher value was consid-
ered to be because they drank water containing more
dissolved substances. In a study conducted during 30
minutes of training in basketball players, RBC, HGB,

Table 6. Inflammation response parameter [C-Reactive Protein (CRP)], Complement Activation and Chemokine Marker [Complement
Component 4 (C4)], Lymphocyte Activation Factor [Interleukin 1 Beta (IL- 1 )], Systemic Inflammation Cytokine [Tumor Necrosis
Factor-o (TNF-a)], [Malondialdehyde (MDA)] concentrations of the lambs (Mean + SD).

Mean + SD p-value
Parameter Group T ™ T3 SEM Group Time
Control 0.34+0.06 0.35+0.11 0.32+0.06 0.16
CRP (mg/dL) Whey 0.37+0. 14 0.34+0.07 0.31£0.05 o016 3 09
+ + +
C4 (ng/mL) Control 23.35+10.42 24.31+4.558 32.54+18.16 2.03 0.33 0.12
Whey 19.37+4.22 26.95+18. 18 25.03+7.45 2.06
Control 5.04+1.98 4.65+1.29 6.64+£3.47 0.46
IL-1B (ng/mL) g o 5.46+4.27 4.91+2.94 5.3841.16 047 80 032
Control 1.55+0.65 1.57+0.34 2.59+1.36 0.21
MDA (nmol/L) g 1.81+2.05 1.79+1.68 1.74£0.35 021 74 034
Control 13.53+6.02 13.73+£3.18 19.28+10.34 1.63
TNF-o (ng/L) Whey 155141482 15.28+13.29  14.40£2.93 163 8 065
Abbreviations: SD:Standard deviation; SEM:Standard error of the mean.
Table 7. Glutathione Peroxidase (GSH-Px) and Superoxide Dismutase (SOD) concentration results (Mean+ SD).
Mean + SD p-value
Parameter Group T1 T T3 SEM Group  Time
147. 80 + 53.
+ ¢ + a
GSH-Px (U/L) Control 137.50+41.71 340 156.83 +£57.63* 6.86 0. 42 0. 03*
Whey 130.54+£25.18> 119.83 +19.05¢ 137.27+30.64* 6.85
Control 3.58+1.93 3.33+£0.77 4.96+2.73 0.36
SOD (ng/mL) Whey 3.96+3. 17 3.81+2.28 3774091 036 08 044

*: p-value<0. 05. Values in the same row, appearing in pairs differ at a, b, c. Abbreviations:SD: Standard deviation; SEM:Standard

error of the mean.
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and HCT values were found to be higher in the whey
group compared to the control group, in parallel with
our study (Ronghui, 2016).

The use of whey led to an increase in MCV. Ac-
cording to MCVdata, it was found to be compatible
with the study of Hassan et al., (2016)although it was
outside the previously stated reference values (Byers
and Kramer, 2011). To explain the hemogram changes
and anemia markers, the blood serum iron level was
determined. There was no significant difference be-
tween the two groups, but the whey group means serum
iron concentration was found above reference levels.
Iron in foods is ionized by stomach acids, absorbed
by the intestines, and then circulated in the blood
(Bilal, 2004). Lactoferrin is a well-known bioactive
protein in milk that helps to make iron more bioavail-
able for absorption in the gut (Ribadeau-Dumas and
Grappin, 1989). Iron-whey protein microspheres may
protect gastrointestinal epithelial cells and increase
iron absorption compared to FeSO, in fasting adults
(Wang et al., 2018)resulting in the widespread use of
high-dose oral iron, which is poorly tolerated. Meth-
ods: We evaluated novel iron-denatured whey protein
(Iron-WP. Spray-dried whey protein concentrate-iron
complex supplementation increased iron digestion
and metabolic utilization while maintaining iron ho-
meostasis and hepatic iron reserves in weaning and
anemic rats (Gandhi et al., 2019). In addition, evalua-
tion of the MCV values revealed that the MCV value
dropped in the control group at T3, but it remained the
same in the whey group. In the control group, serum
iron content was shown to decrease. When the MCV
and serum iron findings are compared, it is assumed
that the control group absorbs less iron, and as a re-
sult, the MCV value lowers. According to the expla-
nation given, the serum iron level in the whey group
is higher.

MCHC value is lower in the whey group compared
to reference values. MCHC drop could occur in the
presence of reticulositis (Bilal, 2004). It appears that
both groups are not anemic, but according to the liter-
ature, one group could have reticulositis. Reticulosit
presence was not evaluated in these study conditions.
There is a possibility that reticulosit evaluation could
be a useful parameter in future studies.

The whey group’s PLT content increased signifi-
cantly at T2 and T3. Although several peptides de-
rived from k-casein and lactoferrin are antithrombotic
and platelet aggregation inhibitors (Rutherfurd and
Gill, 2000), in one previous study, rats were given two

dosages of whey protein concentrate (WPC-80) (0. 3
or 0. 5 g/kg) for 7, 14, or 21 days to see how it affect-
ed the development of thrombosis, and it was found
that there were minor changes in andour findings are
consistent with those (Tokajuk et al., 2019).

The GSH-Px concentration increased over time,
which is a situation that can be encountered during
a growing period parallel to ageing. Although there
was no statistically significant difference between
the groups, the control group demonstrated increased
GSH-Px consistent with an upregulation of GSH-Px
to protect against oxidative stress. Parallel to our find-
ings, previously it was suggested that whey protein
improved antioxidant capacity against acute oxida-
tive stress through multiple potential mechanisms, in-
cluding glutathione production. The glutathione-pro-
moting activity of whey protein may contribute to a
broader biological effect of a protective nature in re-
gard to general detoxification of environmental agents
(Xu et al., 2011). Whey protein decreased glutathione
activity to levels substantially higher than those of the
control group, and these effects persisted in the pres-
ence of H,O,

Whey protein could be used as an alternative
source of antioxidants to prevent damage caused by
reactive oxygen species. The concentrations of C4,
IL-1, MDA, TNF-a, and SOD were also found to
be higher in the control group. Antioxidant enzymes
neutralize the harmful effects of radicals formed as a
result of increased oxidative stress. Increased levels
or activation of these endogenous enzymes have been
shown to protect cells against oxidative damage. The
findings suggest that whey protein improves antiox-
idant capacity and that this protein may serve as an
alternative source of antioxidants for the prevention
of oxidative damage. On the other hand, this study
was designed without the addition of any additional
stressors. The effect of whey protein on stress param-
eters can be revealed more clearly in future studies by
using stress factors such as transport stress.

The live weight on the 90" day had a substantial
effect on whether or not the lambs’ live weight on the
120th day was greater than or less than the cutoff val-
ue of 37. 2 kg. According to the findings of this study,
whey protein has no significant impact as a fattening
supplement. In a previous study, the addition of 10%
whey and 10% molasses to corn silage decreased pH,
ash, neutral detergent fiber, and acid detergent fiber,
while increasing dry matter, crude protein, organ-
ic matter, and flieg point, but had no effect on feed
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intake, body weight, or feed conversion ratio (Fal-
lah, 2019). Which accords with the findings of this
study. In contrast with our study, the addition of urea
and whey to wheat straw improved the feed conver-
sion ratio and increased the body weight of fattening
lambs (Dayani et al., 2011). There is a close relation-
ship between feed efficiency during the fattening peri-
od, gluconeogenesis, the tricarboxylic acid cycle, and
protein synthesis (Giraldez et al., 2021). According to
this study’s results, whey-enriched drinking water did
not modify any of these pathways. This could be due
to the small quantity of whey used. In future research,
it is suggested that the amount of whey be increased
proportionally.

This study has some limitations. As there is rel-
atively scarce research on the physiological values
of the blood of sheep and lambs in Turkey, we ana-
lyzed our results using globally recognized references
(Byers and Kramer, 2011). This study was unable to
examine findings resulting from geographical vari-
ations. Although volume of urine was not assessed
in this study, it may be measured in future research.
One finding of this study is that whey consumption
may result in dehydration. Before advising the use of
whey in warm and dry locations, the dehydration state
should be thoroughly examined, and a future study
should be designed on this topic. The increase in the
hematocrit rate of the whey group at the beginning
suggests that the association between whey use and
dehydration should be studied in more detail. Further
studies on the effects of whey on fat and sugar metab-
olism in sheep are recommended.

CONCLUSIONS
In conclusion, in terms of oxidative and inflamma-

tion parameters studied at the end of the experiment,
no difference was observed between the two groups
in the biochemical parameters of the effect. Although
fluctuations were observed in some hematological pa-
rameters, there was not statistical difference between
the groups in immune, oxidant, and antioxidant pa-
rameters. It is concluded that enriched whey drinking
water showed promising effects on reducing oxidative
stress parameters and why enriched drinking water
can be used safely in fattening merino lambs.
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