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Abstract | Improving farm animal performance resilience may help alleviate harsh weather and seasonal fluctuations
while also maintaining the long-term viability of livestock farming as future climate challenges become more appar-
ent. We generate new seasonal resilience phenotypes in this study, which indicate production performance and met-
abolic changes in response to changing weather. We examine the impact of calendar season (summer and winter) on
animal performance resilience by assessing various parameters of ewes, lambs, pregnant, male, and lactating Nacemi
breed animals from the Agriculture Research Station; Kuwait Institute for Scientific Research, Kabd. The evaluation
of biochemical and hematological parameters over time revealed a probable environmental effect on animal health.
According to the findings, all of the hematological and biochemical indicators are within normal limits. The hemato-
logical data revealed that WBCs and RBCs vary by type and season (WBCs: 7.1-9.9 (x10°/ul), and 5.2-7.9 (x10°/ul);
and RBCs: 8.7-11.6 (x10%pul), and 10-10.8 (x10%pul), respectively). The MCH values (11.7-12.9 pg) are above the
normal range, which is linked to two other factors: mean corpuscular volume (MCV) and mean corpuscular hemoglo-
bin concentration (MCHC) are both above the usual ranges of 25.6-31.8 fL and 14.8-45.9 g/dl, respectively. During
the winter, dry ewes’ total protein and hemoglobin levels are significantly greater (P<0.05) than other types of sheep,
according to a biochemical investigation. The results showed that the physiological, biochemical, hematology analysis
and production performance of Naeemi sheep were affected by the seasons and stage of production and growth.
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INTRODUCTION

limate change is having an impact all across the world,
with effects such as variations in annual wet and dry
patterns, intense rainfall, frost, extended heat cycles, pro-
longed drought, and so on (Wiebe et al., 2015; Taskinsoy,
2019; Serrano et al., 2021). These acts have consistently
been proved to have a negative influence on the quality

and safety of the food supply chain. Climate influenc-

es are one of the most well studied and tracked aspects
that lead to food chain pollution. Climate change’s impact
on seasonal variability, such as the frequency of extreme
weather events and shifting conditions, raises worries for
livestock species’ performance and productivity. Because of
changes in daylight length, air temperature, and precipi-
tation, seasonality has an impact on several physiological
mechanisms in small ruminants (sheep and goats) (Tsart-
sianidou et al., 2021). Temperature variations throughout
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the year are regarded as physiological stressors that influ-
ence the biological systems of animals (Rashamol et al.,
2020). These stressors have been shown to have a consid-
erable impact on the blood haematological properties of
farm animals (Barsila et al., 2020). The values of Pack Cell
Volume (PCV'), Haemoglobin Concentration (Hb), Leu-
cocyte Counts (WBC), and Total Protein (TP) are crucial
for determining the animal’s normal physiological status,
as well as for evaluating management practices, nutrition,
and health issue diagnostics.

Blood biochemical and hematological characteristics are
used to monitor and evaluate ruminant animals’ health,
nutritional, and physiological state (Samaddar et al., 2021;
Piadurariu et al., 2021; Sani et al., 2021; Carta et al., 2022).
These tests are commonly used to diagnose significant dis-
eases in animals, which can result in financial losses due to
diminished growth, productivity, immunity, fur, wool, and
milk production (Neethirajan, 2020; Ibeagha-Awemu and
Yu, 2021; Hu et al., 2020). Blood constituent analysis has
also been frequently utilized to measure the efficacy of feed
nutrient content and supplements and to investigate trans-
portation stress (Liu et al., 2018; Swanson et al., 2020; Sei-
falinasab et al., 2022).The immune state of animals can be
assessed using biochemical and hematological profiles (Loi
et al., 2021). During their pregnancy, these profiles might
be modified (Ardali¢ et al., 2019). Seasonal changes have
an impact on these profiles as well (Okyere et al., 2018).
Age, sex, genetics, management, housing, and climatic
conditions, in addition to nutrition, stress, and reproduc-
tive status, were recognized to have a significant impact
on hematological and biochemical profiles (Nawab et al.,
2018; Baenyi et al., 2020). Hematological and biochem-
ical factors differed greatly amongst small animal breeds
(Mohammed et al., 2016; Tambuwal et al., 2002; Delwatta
et al., 2018). Individual evidence for a variety of illness-
es, such as management, nutrition, and infections, can be
obtained by comparing an individual’s hematological and
biochemical data to the reference interval, as detailed in

clinical pathology references (Fernandes et al., 2002).

Blood is a vital and dependable tool for determining an
individual animal’s health status (Whitham et al., 2020).
The blood parameters were connected with the animal’s
production and reproductive efficiency (Habeeb et al.,
2018), and these values were changed by the internal and
external environment (Nicolds-Lépez et al., 2021; Sawyer
and Narayan, 2019). Breed, age, sex, health state, altitude,
management, feeding level, hematological techniques em-
ployed, seasonal change, temperature, and physiological
status of the animal all influence blood parameters (Ora-
mari et al., 2014; Agbaye et al., 2021).When exposed to
the extra-uterine environment in changing seasons, blood,
like other tissues, may go through a process of adaptive

remodeling. Small ruminant health is typically monitored
and evaluated using hematological parameters (Fazio et al.,

2016).

Given the aforementioned, the study’s major purpose was
to analyze and increase the database of indigenous Naeemi
sheep for changes in physiological, biochemical, and hema-
tological features during the summer and winter seasons.
The data could help with the early detection of metabolic
and production abnormalities in animals, as well as their
overall health. We also wanted to investigate if there was a
direct correlation between biochemical and hematological
data in order to discover if the winter and summer seasons
were linked.

RESULT'S AND DISCUSSION

Bobpy MEASUREMENTS AND BoDY CONDITION SCORE
Body measurements and live weights of live animals have
been employed widely in both experimental work and se-
lection methods for a variety of reasons (Ige et al., 2015;
Cam et al., 2010). As a result, body measurement can be
useful in defining performance in a variety of situations.
During the summer and winter seasons, dry, pregnant, and
lactating ewes, rams, and lambs had their bodies measured.
LW (kg), BL (cm), WH (cm), CG (cm), and BCS (cm)
were the body metrics considered. Table 1 shows the find-
ings of LW, body measures, and BCS of Naeemi sheep at
various stages of production and growth over the winter
and summer. The study’s findings revealed that the Naeemi
flock’s LW, BSC, and body measurements were all within
the typical range for the breed in Kuwait (Mohammed et
al., 2016). The balanced ration, which included 12 percent
CP for adult ewes and rams and 16 percent CP for lambs,
helped keep their BCS within an acceptable range (3.0
to 3.5) (Ahmed). The increase in temperature during the
summer season lowered the ewe’s appetite while also in-
creasing the demand for milk from suckling lambs. The low
BCS (2.71) of lactating ewes during the summer season
could be due to this.

Dry ewe, lambs, pregnant, male, and nursing Naeemi sheep
had mean live weights and body measurements (BL, WH,
and CG) of 48.7,46.3,64.3,54.7,and 52.1 kg, respectively.
Because of the age and sex differences, the difterent types
of animals differed considerably (P<0.05). Dry ewes and
pregnant ewes were substantially different (P<0.05) in
summer and winter, according to live weight data. Naeemi’s
live weight (52.6 kg) was much higher in the winter than
it was in the summer (44.8 kg). In the winter and summer,
the difference in all body measurements was 16 percent.
This suggested that Naeemi sheep consumed more feed in
the winter than in the summer. The results, on the other
hand, revealed that lambs’ weight and body measurements
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grew dramatically in the winter compared to the summer.
'This was due to the fact that the lambs were getting older.
'The results showed that there was no significant difference
between winter and summer among pregnant and lactat-
ing Naeemi sheep. When compared to the summer sea-
son, however, pregnant animals increased by just 8.9% in
the winter. Winter increased male body weight and other
metrics, although not considerably (P>0.5). This could be
because animals feed efficiency is higher in the winter due
to heat stress in the summer compared to the weather in
the winter.

Several variables may contribute to a decrease in the rate of
mass gain during the summer. For starters, it correspond-
ed with the end of weaning for some lambs (McKusick et
al., 2001), but in ovids, natural weaning should not affect
growth (Freitas-de-Melo and Ungerfeld, 2020). Second, as
the summer progresses, fodder supply may dwindle, reduc-
ing bulk gain (Tsevegemed et al., 2019). Third, as lambs
grew larger, their maintenance needs may have increase,
or they may have achieved asymptotic body size. Finally,
decreasing growth rates corresponded to the summer rut.
In the absence of adult rams, males were able to breed at 5
months of age and were observed in mating groups (Réale

and Bousses, 1999).

BiocHEMICAL PARAMETERS

The mechanisms that affect the blood level of numerous
metabolites make biochemical profiles difficult to un-
derstand (Autukaite et al., 2021). Tables 2 exhibit data
on biochemical parameters at various stages of Naeemi
sheep production and growth during summer and winter.
The findings revealed seasonal fluctuations in biochemi-
cal markers, which was to be expected. The results of this
study were the first to come from sheep bred in Kuwait’s
intensive production system. As reported in prior inves-
tigations, the biochemical and hematological values were
mainly within the physiological range for sheep.

'The blood stream contains a variety of protein types. Total
protein is calculated as the sum of all proteins in a typical
blood chemistry profile. The most prevalent protein type,
albumin, is typically measured individually. High protein
levels can be caused by a variety of factors, including grain
overload, peritonitis, salt toxicity, dehydration, inflamma-
tion, and malignancies and infectious illnesses. Low pro-
tein levels, on the other hand, might arise as a result of
malnutrition, lead toxicity, intestinal absorption issues,
blood loss, and kidney or liver disease. During the summer,
total protein concentrations range from 65.70 to 71.78 g/L,
but in the winter, total protein concentrations range from
67.60 to 96.11 g/L. Pregnant sheep have the highest pro-
tein levels in both seasons. This could be owing to the baby’
and mother’s quickly changing nutritional needs, as well as

the fact that dietary protein and AA requirements alter at
different stages of pregnancy. According to recent studies,
protein synthesis increases by 15% in the second trimester
and 25% in the third trimester in pregnant animals, but
AA catabolism and urea synthesis decrease, indicating that
protein is preserved during the period of high demand for
AAs during pregnancy (Elango and Ball, 2016). The sea-
sons had a substantial (P<0.05) impact on protein levels in
all types of sheep, according to this data. Although there
was no statistically significant difference in total protein
and albumins between the other breeds (P> 0.05), Glucose
is a blood sugar level measurement.

Our findings revealed that in the summer, lambs and
males (3.27, 3.03) had significantly higher glucose levels
(P<0.05) than other types of sheep, such as dry ewes, preg-
nant, and nursing sheep (Table 2). Glucose concentrations
in sheep throughout the winter seasons, on the other hand,
were not significantly different. High glucose levels are
linked to stressful events and the usage of certain med-
icines, according to the findings (steroid administration).
'The fall in glucose levels, on the other hand, indicated that
the animal had not been properly fed or that there was
a significant bacterial infection in the bloodstream. Some
sheep’s serum glucose levels were greater in cold condi-
tions and dropped in hot weather (P<0.05), indicating a
breakdown in homeostasis (Ribeiro et al., 2018). The liver,
extra hepatic tissues and hormones such as insulin, gluca-
gon, adrenaline, cortisol, and thyroid hormones manage
the stable concentration of glucose in the blood during the
winter (Ribeiro et al., 2018). Chloride measurement is a
negatively charged electrolyte indicator (dissolved salt). It
was obvious from obtained results that during winter sea-
son males were significantly (P<0.05) affected. The results
showed lower chloride concentrates in males. This lower-
ing in concentration could be due to some diseases in the
sheep during winter seasons. It should be mentioned that
on other hand the high levels of chloride occur because
of diarrhea, dehydration, fluid therapy, and acidosis (where
the pH of the body is abnormally low). The decreased levels
of serum chloride could be related to increased heat dissi-
pation under heat stress, which could lead to electrolyte
losses through sweat, saliva, polypnea, and urine, resulting
in a drop in plasma Na*, K*, and Cl levels. Our findings are
in agreement with literature (Ramana et al., 2013; Fadare

et al., 2012; Sathisha et al., 2021).

Albumin regulates the colloidal osmotic pressure of animal
blood, which is an important biological function. Albumins
are also used in enzyme and peptide solutions as a stabiliz-
ing agent. A common stabilizing concentration is 0.1-0.5
percent (w/v). Albumin is frequently used as a standard
in Bradford and bicinchoninic acid (BCA) experiments to
determine protein quantities. In the general
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Table 1: Live Weight, Body Measurements, and Body Condition Score of Naeemi Sheep during Summer and Winter.

Season Type

Winter

Summer

Mean

Body Measurement Animal Type

Dry Ewes Pregnant Lactating Ram
LW (kg) 52.6 +14.4> 675+44  532+27° 580+3.9"
BL (cm) 87.2+6.0° 865+1.0° 102.5+1.9° 100.0 + 3.6
WH (cm) 83.6 +3.5°  82.7+0.5 99.20 +0.9° 86.2 £ 4.6°
CG (em) 89.4+85" 1040x+1.4 957=x6.8°  97.1£2.9"
BCS 3.0+ 0.6 41 £0.25*° NA NA
LW (kg) 448+9.3  61.7+105> 50.9+£3.9*% 51.5x19.5®
BL (cm) 872+84> 77.6+48" 831x41" 762+114
WH (cm) 83.7+1.9¢ 78031 73.7x23> 78.7+10.8b
CG (cm) 86.1 + 5.6 95.7 £ 6.8* 85.9 + 1.4 92.5 £ 15.8*
BCS 2.5+£0.5° 3.3+04° 2.7+0.9° 31209
LW (kg) 48.7 £ 5.5P 64.6 £ 4.1° 52.1+1.6P 54.7 £ 4.5P
BL (cm) 87.2+0.00 821+63> 928+13.7° 88.1x£16.8°
CG (em) 83.6+0.1*  80.3+33"  87.4x41° 82.4+53°
WH (cm) 87.7+23> 948+12.9° 86.4+1.6° 94.8 + 3.2
BCS 2.7 £0.3 3.7+0.5° 2.7+0.9° 31209

Lambs
34.0 + 7.4
62.8 +19.0°
63.7 £ 2.2°
91.5 + 8.9
NA

46.0 + 2.8
65.4£9.7°
62.3+1.7°
96.5 +5.0°
NA

46.3 + 0.4
64.1+ 1.8
80.1 £ 0.9°
63.0 £1.9?
NA

LW: Live weight; BL: Body length; WH: Wither height; CG: Chest girth; BCS: Body condition score (1-5 scale); NA: Not available.

Values are means + SD

a,b,c

(P <0.05)

Table 2: Biochemical Parameters of Blood Serum Naeemi during Summer and Winter

Seasons (Mean * SD).

Parameter

Total Protein

Glucose

Chloride

Albumin

Hemoglobin

Total Protein

Glucose

Abs.

Cocen.
(g/L)
Abs.

Concen

(mmol/L)
Abs.

Concen

(mmol/L)
Abs.
Concen.
(g/7d)
Abs.
Concen.
(g/L)
Abs.

Cocen.
(g/L)
Abs.

Concen.

(mmol/L)

Animal Types

Seasons

Summer

Winter

Dry Ewes
0.83+0.17°
68.57 + 23.19*

0.13 £ 0.02¢
1.0 + 0.89°

1.0 + 0.31®
171.9 + 55.4°

0.58 + 0.07*
2.57 +0.6®

1.03 + 0.14*
99.27 + 38.36*

1.00 + 0.09*
91.2 +12.3

0.17 £ 0.01*
2.60 = 0.77

Lambs
0.69 +0.1*
66.4 + 2.5°

0.18 + 0.05®
3.27 £ 2.46°

0.86 + 0.28*
146.3 + 52.0®

0.62 +0.06*
3.25£0.39°

1.33 £ 0.32"
131.7 + 34.17*

0.66 = 0.07*
63.57 £ 7.73"

0.17 £ 0.03*
2.63 +1.74°

Pregnant
0.86 + 0.14°
71.78 + 18.9*

0.14 + 0.02¢
1.01 £ 0.98*

1.06 + 0.07°
183.88 +12.36"

0.63 + 0.08*
2.48 + 0.87

1.12 £ 0.20®
101.5 + 28.0°

1.04 + 0.07°
96.11 + 9.49*

0.16 + 0.03¢
2.19 £1.75°

Male
0.83 = 0.16%
67.92 + 22.02*

0.17 £ 0.05®
3.03 £2.42°

1.04 + 0.11®
180.50 + 20.98°

NA
NA

NA
NA

0.65 £ 0.01°
67.60 £ 1.99°

0.16 + 0.02¢
2.50 + 1.05*

Means with different superscripts for each animal types and each production performance parameters are significantly different

Lactating
0.68 + 0.10*
65.7 + 3.27*

0.19 £ 0.10
2.11 £ 0.99®

0.81 +0.11*
137.1 + 20.65*

0.61 + 0.04*
2.95 £0.31*

1.25 £ 0.23*
118.3 + 29.38*

0.65 + 0.03*
67.8 £ 6.46*

0.17 £ 0.07
1.85 £ 0.85*
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Chloride

Albumin

Hemoglobin

Abs.

Concen.

(mmol/L)
Abs.

Concen.

(g/dl)

Abs.

Concen.

(g/L)

1.18 +0.09¢  0.76 = 0.21° 1.02 £ 0.03¢ 0.57 + 0.05* 0.71 = .10
205.8 +16.44 129.1£37.7° 176.4 + 5.5 94.07 £ 9.21* 119.8 + 18.4°
0.64 + 0.05* 0.61 = 0.04* 0.52 + 0.26* 0.56 + 0.10° 0.62 + 0.05*
3.15+£0.39®> 2.87:x0.40®  3.08 £0.30® 2.60 + 0.68* 3.07 £ 0.35®
1.37 £ 0.41* 1.30+ 0.30° 1.13 £ 0.10* 1.11+0.22* 1.27 + 0.31*
132.6 £ 51.60* 126.5 £ 41.5*  105.5 £ 40.4° 100.34+ 27.49*  120.7 =+ 39.4°

Abs.: Absorption value; Conc.: Concentration Value; SD; NA: Not Available.

Values are means + SD

»b< Means with different superscripts for each animal types and each biochemical parameters are significantly different (P < 0.05)

Table 3: Hematology Profiles of Nacemi Sheep during Summer Season (Mean + SD).

Parameters

WBC (x10%/pL)

LY (%)
MI (%)**
GR (%)

RBC (x10¢/pL)

Hb (g/L)
HCT (%)
MCV(fL)
MCH (pg)
MCHC (g/dI)
RDW (%)

Dry

Ewes
59+0.7¢
40.00 + 0.1°

0.5+0.0*
58.1+6.5*
10.6 = 1.0
12.2 +15.8*
31.0 = 0.02*
29.0+2.4
11.4£0.9°
39.47 +21.7
26.1+1.7°

Pregnant
Ewes

6.5+2.1°
40.00 + 0.08°

0.49 = 0.02¢
59.2 + 8.5¢
10.4 + 1.01*
12.88 + 10.1*
30.0 = 0.02¢
29.1+2.7
12.4 + 1.3
42.61 +17.5*
252 +1.5°

Lactating
Ewes

6.0 + 3.4*
40.00 + 0.1°

0.5 £ 0.0°
56.1 +8.7*
10.8 £ 1.4
14.22 + 33.3¢
31.2 £ 0.04
28.5+1.9°
11.5 + 0.6
40.012 + 18.1°
25.25 £ 1.3

Rams

7.9 2.6
53.00 = 0.07*

0.47 £ 0.9
459 £ 7.3
10.0 = 1.29*
12.25+ 13.1¢
29.0 £ 0.03
292 +2.3°
12.3 + 0.9
42.37+28.8*
24.8 +2.0°

Lambs

52+1.1°
35.00 + 0.04°

0.5+0.0*
64.4 £ 4.4
10.6 = 0.89*
12.30 £ 13.7°
30.1 +0.01°
28.4 2.3
11.5 + 0.98¢
40.44 + 28.2°
26.36 £ 1.3

Mean

(All flock)
6.30+1.00
41.0 + 0.06

0.49 = 0.01
56.74 + 6.90
10.48+0.30
12.77+8.55
30.0+0.00
28.8+0.36
11.82+0.48
41.02+14.05
20.84+10.20

Reference
Value*
4.0-13.0
50-70

0-8
8.00-18.00
8.00-12.00
22.00-38.00
16.00-25.00
5.20-8.00
30.0-36.0
N/A

WBC: White blood cells; LY: Lymphocytes; GR: Granulocytes; RBC: Red blood cells; Hb: Hemoglobin; HCT: Haematocrit.;
MCH: Mean corpuscular hemoglobin; MCHC: Corpuscular hemoglobin concentration; RDW: Red cell distribution width; PC'T:

Procalcitonin.
** Average of monocyte, Eosinophil and Basophils.

Table 4: Hematology Profiles of Naeemi Sheep during Winter Season (Mean + SD).

Parameters Dry Pregnant Lactating Rams Lambs Mean Reference
Ewes Ewes Ewes (All flock) Value*

WBC (x10*/pL) 7.1+3.4° 7.8+2.7 9.9 +2.2° 9.3+2.1° 91+1.7 8.6 +1.15 4.0-13.0

N (%) 59.1+85*  56.8+10.9* 547x12.0° 541=x77 51.1+9.9* 55.16+3.0 30-48

L (%) 358+75" 361+11.3*  41.60+12.2* 39.3x4.7° 39.4+11.1° 38.44+2.42 50-70

M (%) 2.9 0.9 3.0+1.6° 21+ 1.9 3.6+2.2° 4.8 +1.3° 3.28+1.0 0-4

E (%) 3.6 +0.8 49+ 2.7 4127 4.3 0.8 3.5+2.6 4.08+0.56 1-8

B (%) 1.0 £ 0.6 1.9+2.5° 1.4+0.9° 1.10+£0.72 12+1.3° 1.32+0.35 0-1

MI (%) 7.5+0.7 9.8+22 7.6+138 9.0+1.2 9.5+1.7 5.68 + 0.63 0-8

RBC (x10%pL) 103 +1.6*0  10.6+1.9° 9.7+ 1.4 116+1.9° 87+09° 10.18+1.07 8.00-18.00

Hb (g/L) 125+1.00 12817 11.5£1.2° 13.6+2.1*  113+1.1* 12.34x0.95 8.00-12.00

HCT (%) 294+14 29224 26.7 +1.6° 29.6£32* 27.7+1.8>  28.52+1.26 22.00-38.00

MCV(fL) 292+31* 279+3.1° 272+23> 256+21¢ 31.8+2.7"  28.34+2.32 16.00-25.00

MCH (pg) 12.4+0.7* 12.1+0.6° 11.8+0.5>  11.7+0.5> 12.9+1.0°  12.18:0.48 5.20-8.00

MCHC (g/dl) 42.7+1.8 34728 43.0+2.2°  459+26* 148=x1.1* 41.57+4.80 30.0-36.0

RDW (%) 243+3.8  26.3 4.6 25.7+35%  293+49* 30.1£3.5  27.14+2.46 N/A
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PCT(ng/m) 228.1 2755 + 504.2 + 683.4 + 410.38+185.2 N/A
+149.2° 111.9° 288.7 402.2¢
WBC: White blood cells; N: Neutrophils; L: Lymphocytes; M: Monocytes, E: Eosinophil, B: Basophils; RBC: Red blood cells, Hb:
Hemoglobin; HCT: Haematocrit; MCH: Mean corpuscular hemoglobin; MCHC: Corpuscular hemoglobin concentration; RDW:
Red cell distribution width; PCT: Procalcitonin.
»b Means with different superscripts for each animal types and hematology parameters are significantly different (P< 0.05).
*According to Feldman et al. (2002), from Schalm’s Veterinary Hematology. Philadelphia. Baltimore, New York, London, Buenos

OPEN 8ACCESS

360.7 + 275.1¢

Aires, Hong Kong, Sidney, Tokyo: Lippincott Williams and Wilkins.

comparison of the breeds for total protein and albumins
(P> 0.05), there was no significant difference in albumin
concentrations in Naeemi during the winter and summer
seasons. This showed that Naeemi sheep were well-adapt-
ed to our hard environment, and that they were able to
regulate their osmotic pressure in both summer and winter.

HEMATOLOGY PROFILE MEASUREMENTS

Tables 3 and 4 illustrate the hematological parameters of
different flocks as a function of season. When all flocks
are averaged, hemoglobin, RBC, HCT, and lymphocytes
have higher contents in the summer, while the remaining
parameters have higher contents in the winter. The data in
the table reveals that the Hb levels of sheep are lower in the
summer than in the winter. Heat stress may cause hemo-
globin molecules to precipitate in erythrocytes, resulting in
lower Hb concentrations over the summer (Karthik et al.,
2021). In addition, Sejian et al. (2010) found reduced Hb
levels in sheep kept on a low-nutrient diet with depleted
food resources (Sejian et al., 2010). The variance of exhib-
iting the strength of blood in terms of Hb for the sheep in
different groups is significant at 90% confidence interval
is the same, indicating that living under stress has no ef-
fect on the strength of the blood at this level of confidence
(P>0.1).The quantity of basic structural components in the
food and the body’s ability to absorb these components are
directly related to the amount of hemoglobin in the blood
(Simak-Libalov4 et al., 2013).

The results showed that during the winter season, the
range of WBC:s in different types of animals ranged from
7.1 to 9.9 (x10%/pl), whereas during the summer season,
the range was 5.2 to 7.9 (x10%/pl). Furthermore, Nacemi’s
WBCs were within normal limits. Age, sex, season, breed,
nutrition, and lifestyle could all have a role in the results.
Similarly, there are few reports on higher leucocyte counts
in heat-stressed goats (Habibu et al., 2017). Individual leu-
cocyte fractions such as neutrophils, lymphocytes, mono-
cytes, eosinophils, and basophils were not affected by heat
stress. Diverse types of white blood cells perform different
roles in the inflammatory process (Simak-Libalova et al.,
2013).

'The RBC count was higher in summer rather than summer
months, whereas WBC count followed an exactly oppo-
site pattern. In the winter, our RBC findings ranged from

8.7-11.6 (x10%pl), while in the summer, they ranged from
10-10.8 (x10%/pl). Stress (splenic contraction), hormonal
impacts, nutrition, or adaptation to the desert environment
could all be factors in the Naeemi sheep’s RBC variations
(Borjesson et al., 2000).

Mean corpuscular volume (MCV) and mean corpuscular
hemoglobin concentration (MCHC) were linked to the
MCH value (MCHC). MCH, MCYV, and MCHC were
all acronyms for red blood cell indices. The mean MCH
(pg) values in Naeemi sheep were 12.18 (pg) in winter and
11.8 (pg) in summer, both of which were above the usual
range. In addition, MCV averaged 28.3 (fL) in the winter
and 28.8 (fL) in the summer. Our Naeemi sheep had mean
MCHC levels of 41.5 and 41.0(g/dl) in summer and win-
ter, respectively, which were above the usual range. These
findings suggested that a high MCH value could be caused
by anemia caused by a B vitamin deficiency, notably B-12.
It is vital to note that the body requires these vitamins in
order to produce healthy red blood cells. These types of
anemia can develop if the body does not absorb B-12 ef-
tectively or if the diet is deficient in B vitamins.

However, variations in blood parameters in ewes and lambs
at various stages of production, as well as during their
growth in the summer and winter, could be related to heat
stress and its impact on these animals’ hunger. However,
these were early findings, and after all of the necessary data
was collected at the end of the study, a reference diagnos-
tic database for hematological and biochemical parame-
ters for the Naeemi breed in Kuwait’s intensive production
system could be constructed. The current study’s hemato-
logical findings were the first reference values for Naeemi
sheep in Kuwait. Because the variance of growing WBCs
parameters in sheep between groups was not significant
(P>0.05) to produce the same variance, sheep in different
groups develop distinct health conditions.

MATERIALS AND METHODS

ANIMAL MANAGEMENT

For the summer and winter studies, a total of 202 appar-
ently healthy local Naeemi ewes, rams, and lambs were
used. In the LRC, KISR Research and Innovation Station,
Kabd (Figure 1), Naeemi ewes, rams, and lambs were born
and nurtured. All of the animals appeared to be in good
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health. The average live weights of Naeemi ewes and rams

were 35 + 1.5 kg and 50 + 1.7 kg, respectively.

Saudi Arabia

£ 47 47°30E 2

Figure 1: Location map of LRC, KISR Research and

Innovation Station, Kabd

48°F 48730

Concentrates (barley, wheat bran, corn, soyabean meal, vi-
tamin and mineral premix, and limestone) accounted for
70% of the ration, while roughages (alfalfa hay and wheat
straw) accounted for 30%. A complete ration with a con-
centrate (C) to roughage (R) ratio of 70C:30R was devel-
oped for mature ewes and rams. The dry matter content of
crude protein (CP) and digestible energy (DE) was 13.42
percent and 12 M]/kg, respectively. Until two weeks before
joining, the rams were offered a maintenance payment,
which was increased by 25%. If the ewes’ body condition
score (BCS) was approximately 3-3.5 cm, they were fed at
the maintenance level (from 1-5 scale). During the last tri-
mester of pregnancy, the quantity was gradually increased
by 25%. Lactating ewes received 50% more feed for each
individual ewe lamb, 75% more feed for twin ewe lambs,
and 100% more feed for triplets or more ewe lambs. Suck-
ling lambs were not creep fed, but they did have access to
the grain that their mothers were given. The lambs were
fed a complete feed of concentrate to roughage ratio of
70C:30R ad libitum after weaning. In dry matter, the CP
and DE concentrations were 16.70 percent and 14.63 MJ/
kg, respectively. Fresh water and mineralized salt licks were
available to all animals at all times. Animals were fed two
equal portions of food twice a day. The research included a
series of experiments to establish baseline data on physio-
logical, hematological, and biochemical parameters in or-
der to assess the health and productivity of Naeemi sheep
during several production seasons.

Boby CONDITION SCORE
'The BCS assesses the sheep’s body fat reserve. BCS criteria

vary from 1 to 5, and were calculated by inspecting the tail
head and loin areas using Russel et al., original procedure
(Russel et al., 1969). The concept behind the approach was
that the lower back was the last portion of the body to gain
fat and the first to shed it. The backbone and transverse
processes of vertebrae in the loin region were felt to deter-

mine the BCS of sheep (Figure 2).

Naceemi sheep

LivE WEIGHT AND BODY MEASUREMENTS OF NAEEMI
BREED

During each season, biometric body measures were taken
to examine the breed’s growth and the properties that could
alter due to environmental conditions and food factors, as
well as to reflect breed standards. The animals’ morpholog-
ical structure and developmental ability are also revealed by
their body measures. Body measurements vary depending
on the breed, gender, produce type, and age of the animal.
Body length (BL), wither height (WH), and chest girth
(CG) are the most often used criteria for body measures in
sheep (Figure 3). The BL is the distance between the an-
terior shoulder point and the pin bone’s posterior extrem-
ity. The vertical distance between the highest point of the
shoulder (wither) and the ground surface at the level of the
forelegs is known as the WH. The CG is the circumference
of the body measured perpendicular to the body axis and
immediately posterior to the front leg and shoulder.

HEMATOLOGY AND BIOCHEMICAL ANALYSIS

Blood Sampling: Blood samples were taken in two sea-
sons, between the hours of 6:00 and 7:00 a.m. After hair
shearing and sterilization of the neck vein by a licensed
veterinarian, blood samples were taken using an 18 gauge
needle by jugular venipuncture and deposited in two
tubes. For serum analysis, a simple tube was utilized, and
for whole blood analysis, a tube containing Ethylenedi-
aminetetraacetic acid (EDTA) was employed. Animal tag
numbers, stage of production, sex, season, and date of col-
lecting were all labeled on the tubes. Within two hours
of collection, blood samples were centrifuged, and serum
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was extracted and kept at —20 °C for biochemical exami-
nation. All biochemical and hematological investigations
were conducted in the Desert Agricultural and Ecosystem
Program laboratory.

AR ARG

Fig;lre 3:Mi30dy measurements of Nacem _breed; BL: Body
Length, WH: Wither Height, and CG: Chest Girth.

Biochemical Parameters: The concentrations of glucose,
albumin, urea, chloride and total protein in the blood se-
rum of sheep were measured using commercial kits Diasys
(Diagnostic Systems GmbH, Holzheim, Germany) on the
Randox RX Monza analyzer (Crumlin, United Kingdom).

Hematology Profile: Within 2 hours after collection, the
Ethylenediaminetetraacetic acid (EDTA) tubes were ex-
amined. White blood cells (WBC), neutrophils (N), lym-
phocytes (L), monocytes (M), eosinophils (E), basophils
(B), red blood cells (RBC), hemoglobin (Hb), MCH,
MCHC, red cell distribution width (Kishor et al., 2020),
mean platelet volume (MPV), procalcitonin (PCT), and
platelet distribution width (PDW) were measured in the
blood serum using the automated hematology analyzer
(Cell-DYN 3700 SL) for the hematological analysis test,
Abbott provided certified reference material with known
blood composition. L1122, N1122, and H1122 were the

three main quality control samples used in the test.

STATISTICAL DATA ANALYSIS

Data on hematological and biochemical parameters, which
were collected, were analyzed using the Statistical Analysis
Software (SAS 2004). Data were subjected to a univari-
ant analysis pipeline, and this included summary statistics,
which were used to estimate distribution, measures of cen-
tral tendency (such as means and median), and measures of
dispersal including the standard deviation. Furthermore,
confidence intervals for each estimated point were also
calculated. The Bivariant correlation between two variables
was measured. The analytical models were used when data
was collected for hematological and biochemical parame-
ters, which included the fixed effects of seasons, age, sex,

and the production cycle of Naeemi sheep. The analysis of
variance and the F test were used for comparing the means
of the major effects included in the models.

CONCLUSION

Impact of seasonal variation (summer and winter) on ani-
mal performance resilience by assessing various parameters
of ewes, lambs, pregnant, male, and lactating Naeemi breed
were examined. From the results we can conclude that the
rate of mass gain decreases in almost all the flocks. The
animal health status of Naeemi sheep in different seasons
was deteriorated by some biochemical and hematologi-
cal parameters. Because of the drastic seasonal variations
in Kuwait, the biochemical markers were fluctuated and
the values were mainly within the physiological range for
sheep. The hematological parameters were partially af-
fected, when all flocks are averaged, haemoglobin, RBC,
HCT, and lymphocytes have higher contents in the sum-
mer, while the remaining parameters have higher contents
in the winter. These data could contribute to the knowl-
edge of the veterinarians for monitoring the health status,
diagnosis of diseases, and management of sheep breed in
Kuwait.

ACKNOWLEGEMENTS

'The authors would like to express their gratitude to Kuwait
Institute for Scientific Research (KISR), Kuwait for pro-

viding the necessary facilities.

CONFLICT OF INTEREST

We wish to confirm that there are no known conflicts of
interest associated with this publication and there has been
no significant financial support for this work that could
have influenced its outcome.

NOVELTY STATEMENT

In this study we describe the impact of calendar season
(summer and winter) on animal performance resilience
by assessing various parameters of ewes, lambs, pregnant,
male, and lactating Naeemi breed. The evaluation of body
measurements, biochemical and hematological param-
eters over time revealed a probable environmental effect
on Naeemi breed health for the first time. The data could
contribute to the knowledge of the veterinarians for moni-
toring the health status, diagnosis of diseases, and manage-
ment of Naeemi sheep breed.

October 2022 | Volume 10 | Issue 10 | Page 2167

%0 .
Qals Links
OResearchers



OPEN aACCESS

Advances in Animal and Veterinary Sciences

AUTHORS CONTRIBUTION

Faten Khalil: Conceptualization, Methodology, Writing -
Original Draft Preparation, Supervision.

Harinath Yapati: Writing - Original Draft Preparation,
Review, and Editing.

Ronia Jose: Methodology.

Zainab Al Blallam: Review and editing.

REFERENCES

Agbaye F, Sokunbi A, Onigemo M, Alaba O, Anjola O, Amao E,
Agbalaya K, Oso Y, Ishola O, Tijani L (2021). Blood profile
of prevalent sheep breeds in Nigeria: A case study of Ikorodu
Local Government Area of Lagos State, Nigeria. Nige. J.
Anim. Prod., 48 (5):293-299. https://doi.org/10.51791/
njap.v48i5.3173

Ahmed S The Effect of Yeast (Saccharomyces Cerevisiae)
Supplementation on Lamb Performance and Nutrients
Digestibility. UOFK,

Ardali¢ D, Stefanovi¢ A, Kotur-Stevuljevi¢ J, Nini¢ A, Spasi¢ S,
Spasojevié-Kalimanovska V, Jeli¢-Ivanovié¢ Z, Mikovi¢ Z
(2019). Lipid indexes and parameters of lipid peroxidation
during physiological pregnancy. J. Lab. Med., 43 (2):93-99.
https://doi.org/10.1515/labmed-2018-0026

Autukaite ], Poskiene I, Juozaitiene V, Antanaitis R, Baumgartner
W, Zilinskas H (2021). The influence of thermal stress on
serum biochemical profile in sheep. Indian J. Anim. Res., 1:5.
https://doi.org/10.18805/IJAR.B-1349

Baenyi SP, Birindwa AB, Mutwedu VB, Mugumaarhahama Y,
Munga A, Mitima B, Kamgang VW, Ayagirwe RBB (2020).
Effects of coat color pattern and sex on physiological traits
and heat tolerance of indigenous goats exposed to solar
radiation. https://doi.org/10.31893/jabb.20017

Barsila SR, Bhatt K, Devkota B, Devkota NR (2020).
Haematological changes in transhumant Baruwal sheep
(Ovis aries) grazing in the western Himalayan mountains
in Nepal. Pastoralism. 10 (1):1-10. https://doi.org/10.1186/
s13570-019-0156-6

Bérjesson M, Magnusson Y, Hjalmarson A, Andersson B (2000).
A novel polymorphism in the gene coding for the betal-
adrenergic receptor associated with survival in patients with
heart failure. Eur. Heart J., 21 (22):1853-1858. https://doi.
org/10.1053/euh;j.1999.1994

Cam M, Olfaz M, Soydan E (2010). Body measurements reflect
body weights and carcass yields in Karayaka sheep. Asian
J. Anim. Vet. Adv,, 5 (2):120-127. https://doi.org/10.3923/
ajava.2010.120.127

Carta S, Tsiplakou E, Nicolussi P, Pulina G, Nudda A (2022).
Effects of spent coffee grounds on production traits,
haematological parameters, and antioxidant activity of blood
and milk in dairy goats. Animal. 16 (4):100501. https://doi.
org/10.1016/j.animal.2022.100501

Delwatta SL, Gunatilake M, Baumans V, Seneviratne MD,
Dissanayaka ML, Batagoda SS, Udagedara AH, Walpola
PB (2018). Reference values for selected hematological,
biochemical and physiological parameters of Sprague-
Dawley rats at the Animal House, Faculty of Medicine,
University of Colombo, Sri Lanka. Anim. Models Exp.
Med., 1 (4):250-254. https://doi.org/10.1002/ame2.12041

Elango R, Ball RO (2016). Protein and amino acid requirements

during pregnancy. Adv. Nutr., 7 (4):8395-844S. https://do.
org/10.3945/an.115.011817

Fadare AQO, Peters SO, Yakubu A, Sonibare AO, Adeleke MA,
Ozoje MO, Imumorin IG (2012). Physiological and
haematological indices suggest superior heat tolerance of
white-coloured West African Dwarf sheep in the hot humid
tropics. Trop. Anim. Health Pro., 45 (1):157-165. https://
doi.org/10.1007/s11250-012-0187-0

Fazio F, Giangrosso G, Marafioti S, Zanghi E, Arfuso F, Piccione
G (2016). Blood haemogram in Ovis aries and Capra
hyrcus: effect of storage time. Can. J. Anim. Sci., 96 (1):32-
36. https://doi.org/10.1139/cjas-2015-0106

Fernandes JC, Martel-Pelletier J, Pelletier JP (2002). The role of
cytokines in osteoarthritis pathophysiology. Biorheology. 39
(1-2):237-246.

Freitas-de-Melo A, Ungerfeld R (2020). The sex of the offspring
affects the lamb and ewe responses to abrupt weaning. App.
Anim. Behav. Sci., 229:105008. https://doi.org/10.1016/j.
applanim.2020.105008

Habeeb AA, Gad AE, Atta MA (2018). Temperature-humidity
indices as indicators to heat stress of climatic conditions with
relation to production and reproduction of farm animals.
Int. J. Biotechnol. Recent. Adv., 1 (1):35-50. https://doi.
org/10.18689/ijbr-1000107

Habibu B, Kawu M, Makun H, Aluwong T, Yaqub L, Dzenda
T, Buhari H (2017). Influences of breed, sex and age on
seasonal changes in haematological variables of tropical
goat kids. Arch. Anim. Breed., 60 (1):33-42 https://doi.
org/10.5194/aab-60-33-2017

Hu G, Do DN, Gray J, Miar Y (2020). Selection for favorable
health traits: a potential approach to cope with diseases in
farm animals. Animals. 10 (9):1717.https://doi.org/10.3390/
anil0091717

Ibeagha-Awemu EM, Yu Y (2021). Consequence of epigenetic
processes on animal health and productivity: is additional
level of regulation of relevance? Anim. Frontiers., 11 (6):7-
18. https://doi.org/10.1093/at/vtab057

Ige A, Adedeji T, Ojedapo L, Obafemi S, Ariyo O (2015). Linear
body measurement relationship in white Fulani cattle in
derived Savannah zone of Nigeria. J. Biol. Agric. Healthcare.,
5:15.

Karthik D, Suresh J, Reddy YR, Sharma G, Ramana ],
Gangaraju G, Reddy PPR, Reddy YPK, Yasaswini D,
Adegbeye M (2021). Adaptive profiles of Nellore sheep
with reference to farming system and season: physiological,
hemato-biochemical, hormonal, oxidative-enzymatic and
reproductive standpoint. Heliyon. 7 (5):e07117. https://doi.
org/10.1016/j.heliyon.2021.e07117

Kishor K, Sahni Y, Bhardwaj J, Gautam V, Sawarkar A
(2020). Effect of different fortifications of Panchgavya
with Nigella sativa and Asparagus racemosus on growth
performance parameters in poultry. J. Pharmacogn.
Phytochem., 9 (3):1821-1825. https://doi.org/10.20546/
ijcmas.2020.910.254

Liu H, Zhao J, Li K, Deng W (2018). Effects of chlorogenic
acids-enriched extract from Eucommia ulmoides leaves on
growth performance, stress response, antioxidant status and
meat quality of lambs subjected or not to transport stress.
Ani. Feed Sci. Tech., 238:47-56. https://doi.org/10.1016/}.
anifeedsci.2018.02.003

Loi F, Pilo G, Franzoni G, Re R, Fusi F, Bertocchi L, Santucci
U, Lorenzi V, Rolesu S, Nicolussi P (2021). Welfare

Assessment: Correspondence Analysis of Welfare Score and

October 2022 | Volume 10 | Issue 10 | Page 2168

%0 .
Qals Links
OResearchers


https://doi.org/10.51791/njap.v48i5.3173 
https://doi.org/10.51791/njap.v48i5.3173 
https://doi.org/10.1515/labmed-2018-0026
https://doi.org/10.18805/IJAR.B-1349 
 https://doi.org/10.31893/jabb.20017 
 https://doi.org/10.1186/s13570-019-0156-6 
 https://doi.org/10.1186/s13570-019-0156-6 
https://doi.org/10.1053/euhj.1999.1994 
https://doi.org/10.1053/euhj.1999.1994 
https://doi.org/10.3923/ajava.2010.120.127 
https://doi.org/10.3923/ajava.2010.120.127 
https://doi.org/10.1016/j.animal.2022.100501 
https://doi.org/10.1016/j.animal.2022.100501 
https://doi.org/10.1002/ame2.12041 
https://doi.org/10.3945/an.115.011817 
https://doi.org/10.3945/an.115.011817 
https://doi.org/10.1007/s11250-012-0187-0 
https://doi.org/10.1007/s11250-012-0187-0 
https://doi.org/10.1139/cjas-2015-0106 
https://doi.org/10.1016/j.applanim.2020.105008 
https://doi.org/10.1016/j.applanim.2020.105008 
https://doi.org/10.18689/ijbr-1000107 
https://doi.org/10.18689/ijbr-1000107 
https://doi.org/10.5194/aab-60-33-2017 
https://doi.org/10.5194/aab-60-33-2017 
https://doi.org/10.3390/ani10091717 
https://doi.org/10.3390/ani10091717 
https://doi.org/10.1093/af/vfab057 
https://doi.org/10.1016/j.heliyon.2021.e07117 
https://doi.org/10.1016/j.heliyon.2021.e07117 
https://doi.org/10.20546/ijcmas.2020.910.254 
https://doi.org/10.20546/ijcmas.2020.910.254 
https://doi.org/10.1016/j.anifeedsci.2018.02.003 
https://doi.org/10.1016/j.anifeedsci.2018.02.003 

OPEN aACCESS

Advances in Animal and Veterinary Sciences

Hematological and Biochemical Profiles of Dairy Cows in
Sardinia, Italy. Animals. 11 (3):854. https://doi.org/10.3390/
ani11030854

McKusick B, Thomas D, Berger Y (2001). Effect of weaning
system on commercial milk production and lamb growth of
East Friesian dairy sheep. J. Dairy sci., 84 (7):1660-1668.
https://doi.org/10.3168/jds.S0022-0302(01)74601-2

Mohammed SA, Razzaque MA, Omar AE, Albert S, Al-
Gallaf WM (2016). Biochemical and hematological profile
of different breeds of goat maintained under intensive
production system. Afr. J. Biotechnol., 15 (24):1253-1257
https://doi.org/10.5897/AJB2016.15362

Nawab A, Ibtisham F, Li G, Kieser B, Wu ], Liu W, Zhao Y,
Nawab Y, Li K, Xiao M (2018). Heat stress in poultry
production: Mitigation strategies to overcome the future
challenges facing the global poultry industry. J. Therm. Biol.,
78:131-139. https://doi.org/10.1016/j.jtherbio.2018.08.010

Neethirajan S (2020). Transforming the adaptation physiology of
farm animals through sensors. Animals. 10 (9):1512. https://
doi.org/10.3390/ani10091512

Nicolas-Lépez P, Macias-Cruz U, Mellado M, Correa-Calderén
A, Meza-Herrera CA, Avendafio-Reyes L (2021). Growth
performance and changes in physiological, metabolic and
hematological parameters due to outdoor heat stress in hair
breed male lambs finished in feedlot. Int. J. Biometeorol.,
65 (8):1451-1459. https://doi.org/10.1007/s00484-021-
02116-x

Okyere K, Kwame K-AJ, Yaw AS, Akwasi A-A, Clement
KG (2018). Effect of day length and seasonal variation
on haematological, biochemical and hormonal traits of
indigenous guinea fowl (Numida meleagris) in Ghana. ].
Anim. Res., 8 (2):165-172.

Oramari RA, Bamerny AO, Zebari HM (2014). Factors affecting
some hematology and serum biochemical parameters in
three indigenous sheep breeds. Adv. Life Sci. Technol.,
21:56-63.

Pidurariu A, Diriban Sv, Miresan V (2021). Evolution Of Blood
Metabolic Profile And Antioxidant Enzymes Activities
In Ewes During Different Physiological Status. Scientific
Papers: Series D, Animal Science-The International Session
of Scientific Communications of the Faculty of Anim. Sci.
64 (2).

Ramana D, Pankaj P, Nikhila M, Rani R, Sudheer D (2013).
Productivity and physiological responses of sheep exposed
to heat stress. J. Agrometeorol. (Special issue):71-76

Rashamol VP, Sejian V, Bagath M, Krishnan G, Archana PR,
Bhatta R (2020). Physiological adaptability of livestock to
heat stress: an updated review. J. Anim. Behav. Biometeorol.,
6 (3):62-71.  https://doi.org/10.31893/2318-1265jabb.
von3p62-71

Réale D, Bousses P (1999) Effects of summer and winter birth
on growth of lambs in a population of feral sheep. American
Society of Mammalogists 810 East 10th Street, PO Box
1897, Lawrence ...,

Ribeiro MN, Ribeiro NL, Bozzi R, Costa RG (2018).
Physiological and biochemical blood variables of goats
subjected to heat stress—a review. J. Appl. Anim. Res., 46
(1):1036-1041. https://doi.org/10.1080/09712119.2018.14
56439

Russel A, Doney J, Gunn R (1969). Subjective assessment of
body fat in live sheep. J. Agri. Sci., 72 (3):451-454. https://
doi.org/10.1017/50021859600024874

Samaddar K, Rahman MM, Haque Z (2021). Biochemical and

haematological profiles of black Bengal goat in Mymensingh
sadar of Bangladesh. Res. Agri. Livestock and Fisheries., 8
(3):329-337. https://doi.org/10.3329/ralf.v8i3.57401

Sani R, Okin-Aminu H, Rekwot G, Idowu W, Achi N, Ahmed
S, Bello S (2021). Feed intake, rumen metabolite and some
blood parameters of yearling Bunaji bulls fed graded levels
of palm kernel cake. Nige. J. Anim. Prod., 48 (5):311-327.
https://doi.org/10.51791/njap.v48i5.3218

Sathisha K, Narayana Swamy M, Kalmath G, Kulkarni S, Bellur
S, Siddalinga Muthy H (2021). Influence of different seasons
on serum hormonal and electrolytes profiles of Mandya
sheep. Pharma Innovation J SP-10:30-34.

Sawyer G, Narayan EJ (2019). A review on the influence of
climate change on sheep reproduction. Comp. Endocrinol.
Anim., 10. https://doi.org/10.5772/intechopen.86799

Seifalinasab A, Mousaie A, Doomary H (2022). Dietary High
Chromium-Methionine Supplementation in Summer-
Exposed Finishing Lambs: Impacts on Feed Intake, Growth
Performance, and Blood Cells, Antioxidants, and Minerals.
Biol. Trace Elem. Res., 200 (1):156-163. https://doi.
0rg/10.1007/s12011-021-02633-1

Sejian V, Maurya VP, Naqvi SM (2010). Adaptive capability
as indicated by endocrine and biochemical responses of
Malpura ewes subjected to combined stresses (thermal
and nutritional) in a semi-arid tropical environment. Int.
J. Biometeorol., 54 (6):653-661. https://doi.org/10.1007/
s00484-010-0341-1

Serrano JO, Lorente G, Pérez L, Martinez-Melo ], Hajari E,
Fonseca-Fuentes N, Lorenzo JC (2021). Effect of short-
term mild salinity stress on physiological and hematological
parameters in sheep. Biologia. 76 (10):3021-3027. https://
doi.org/10.1007/s11756-021-00794-x

Simak-Libalovd K, Soch M, Simkové A, Svejdové K, Pilka V,
Zibransky L, Cermik B (2013). The Influence Of Parasitic
Infection On The Blood Count Of The Extensively Reared
Sheep. Acta Univ. Cibiniensis. Series E: Food Technol., 17
(2):145-151. https://doi.org/10.2478/aucft-2013-0023

Swanson RM, Tait RG, Galles BM, Duffy EM, Schmidt
TB, Petersen JL, Yates DT (2020). Heat stress-induced
deficits in growth, metabolic efficiency, and cardiovascular
function coincided with chronic systemic inflammation
and hypercatecholaminemia in ractopamine-supplemented
feedlot lambs. J. Anim. Sci., 98 (6):skaal68./

Tambuwal F, Agale B, Bangana A Haematological and
biochemical values of apparently healthy Red Sokoto goats.
In: Proceeding of 27th Annual Conference Nigerian Society
of Animal Production (NSAP), 2002. pp 50-53.

Taskinsoy J (2019). Global Cooling through Blockchain to Avoid
Catastrophic Climate Changes by 2050. Available at SSRN
3495674. https://doi.org/10.2139/ssrn.3495674

Tsartsianidou V, Kapsona VV, Sinchez-Molano E, Basdagianni
Z, Carabafio MJ, Chatziplis D, Arsenos G, Triantafyllidis
A, Banos G (2021). Understanding the seasonality of
performance resilience to climate volatility in Mediterranean
dairy sheep. Sci. Rep., 11 (1):1-11. https://doi.org/10.1038/
s41598-021-81461-8

Tsevegemed M, Norovsambuu T, Jordan G, Schlecht E (2019).
Feed Intake of Small Ruminants on Spring and Summer
Pastures in the Mongolian Altai Mountains. Sustainability.
11 (20):5759. https://doi.org/10.3390/5u11205759

Whitham JC,BryantJL,Miller L] (2020). Beyond glucocorticoids:
Integrating  dehydroepiandrosterone  (DHEA)  into
animal welfare research. Animals. 10 (8):1381. https://doi.

October 2022 | Volume 10 | Issue 10 | Page 2169

%0 .
Qals Links
OResearchers


 https://doi.org/10.3390/ani11030854 
 https://doi.org/10.3390/ani11030854 
https://doi.org/10.3168/jds.S0022-0302(01)74601-2 
https://doi.org/10.5897/AJB2016.15362 
 https://doi.org/10.1016/j.jtherbio.2018.08.010 
https://doi.org/10.3390/ani10091512 
https://doi.org/10.3390/ani10091512 
https://doi.org/10.1007/s00484-021-02116-x
https://doi.org/10.1007/s00484-021-02116-x
https://doi.org/10.31893/2318-1265jabb.v6n3p62-71 
https://doi.org/10.31893/2318-1265jabb.v6n3p62-71 
 https://doi.org/10.1080/09712119.2018.1456439 
 https://doi.org/10.1080/09712119.2018.1456439 
 https://doi.org/10.1017/S0021859600024874 
 https://doi.org/10.1017/S0021859600024874 
https://doi.org/10.3329/ralf.v8i3.57401 
https://doi.org/10.51791/njap.v48i5.3218 
https://doi.org/10.5772/intechopen.86799 
https://doi.org/10.1007/s12011-021-02633-1 
https://doi.org/10.1007/s12011-021-02633-1 
https://doi.org/10.1007/s00484-010-0341-1 
https://doi.org/10.1007/s00484-010-0341-1 
 https://doi.org/10.1007/s11756-021-00794-x 
 https://doi.org/10.1007/s11756-021-00794-x 
 https://doi.org/10.2478/aucft-2013-0023 
https://doi.org/10.2139/ssrn.3495674 
https://doi.org/10.1038/s41598-021-81461-8
https://doi.org/10.1038/s41598-021-81461-8
https://doi.org/10.3390/su11205759 
https://doi.org/10.3390/ani10081381 

OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

0rg/10.3390/ani10081381 agriculture in 2050 under a range of plausible socioeconomic
Wiebe K, Lotze-Campen H, Sands R, Tabeau A, van der and emissions scenarios. Enviro. Res. Lett., 10 (8):085010.
Mensbrugghe D, Biewald A, Bodirsky B, Islam S, Kavallari https://doi.org/10.1088/1748-9326/10/8/085010

A, Mason-D’Croz D (2015). Climate change impacts on

October 2022 | Volume 10 | Issue 10 | Page 2170 @ Links

**@Researchers


https://doi.org/10.3390/ani10081381 
https://doi.org/10.1088/1748-9326/10/8/085010 

