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Abstract: The study was performed on 70 newborn Barki lambs (28 males and 42 females), the study lasted
240 days during pre and post-weaning periods in Siwa Oasis Research Station, Egypt, which belonging to
Desert Research Center, Cairo, Egypt. Each sex was divided into two equal groups (14 rams vs. 21 ewes) and
weaned under two weaning age systems, early weaning (EW, at 60 days) and late weaning (LW, at 120 days),
respectively. All lambs were housed in 4 separated pens. The average birth weight recorded (4.12 ±0.14 and
3.06 ± 0.07 kg vs. 4.11±0.10 and 3.85 ±0.05 kg) for male and females under EW and LW systems, respectively
and fed on dam's milk till reaching weaning age (60days vs. 120days). Therefore, at five months of lamb
age a comparative growth trial was conducted for 4 months period from the 5th till the 8th month of study.
Monthly live body weights (LBW), dry matter intake (DMI) and water consumption (WC) were measured
once a week in group feeding. Blood samples were taken monthly with Lithium heparin for determination of
plasma total proteins (TP),urea nitrogen (PUN), glucose (GLU), total cholesterol (Cho), triglyceride (Tri),
alanine aminotransaminase (ALT), aspartate aminotransferase (AST), creatine kinase (CK) and thyroid
hormones (triiodothyronine, T3 and thyroxine, T4) concentrations. The purpose of the study was to evaluate
the effect of weaning age and sex of Barki lambs on productive performance, some plasma biochemical
parameters and thyroid hormones (T3 and T4) activity in Siwa Oasis. Concerning the effect of weaning age on
lamb growth the results indicated that, early-weaned lambs had better body weight gain than those lateweaned between the 5th and the 8th month (fattening period) by about 2.64 and 0.98 kg for male and female
lambs, respectively. Late weaned lambs which had longer suckling period (4 months) did not show better
post-weaning performance than those weaned earlier (2 months of age). Sex had significant effect (P<0.01)
on LBW and ADG under both EW and LW ages. The male final weight was heavier than in females.
Regarding the effect of sex on blood biochemistry, in both EW and LW lambs, there were significant
differences (P<0.01) between sexes where plasma GLU, Tri, Cho, ALT, AST and thyroid hormones (T 3 and T 4)
concentrations were found to be higher in heavy lambs (males) than that of light lambs (females) during
fattening period (from 5 to 8 months). In both EW and LW groups, on the first month after weaning age the
decrease in TP and PUN values of all lambs (males and females) were observed. There was a progressive
increase (P<0.01) in plasma ALT concentrations in all lambs after weaning age (in both EW and LW groups)
till the end of experimental period, while plasma AST concentration behaved the reverse trend with highly
significant (P<0.01) till the end of the experimental period. Plasma CK level increased (P<0.01) significantly
in all lambs from the 4th month till the 6th month of the study (June-August) followed by a slight decrease
(P<0.01) on the last two months of the study (September and October). It is concluded that productive
performance was better for lambs under EW than LW age.
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INTRODUCTION

Table 1: Mean ± SE of monthly climatic conditions data (at 07:00 am)
throughout the study period.
Month

As the sheep industry continues to develop, early
weaned lambs display an inevitable trend, it is only
promote the development of gastrointestinal system
effectively and exert the potential of fast growth but also
help to restore body condition of ewes shorten the
generation interval, raising reproductive performance of
ewes [1]. Previous study indicated that the most
economical weaning time is at day 35-40, however, the
best weaning time is considered to be at 2 months of age
[2]. The most important alteration for the kid after birth
is the adaptation to the new physical environment and
free-living compulsion from the mother in the neonatal
period, the adaptation and development of the organs to
the new environment has a vital importance for the
continuity of their life [3]. Birth weight is considered one
of the major important traits since it affects both
survival rate and subsequent performance of the lamb
and this trait is controlled by genetic, non-genetic and
environmental factors [4]. Early weaning is a relative term,
but implies weaning at any time after 14 days of age, but
usually before 90 days. Sixty (60) days is a common
weaning age in intensively managed sheep operations.
Early weaning can be successful to provide lambs
drinking water and consuming adequate amounts of dry
feed. It allows ewes to return to breeding condition
earlier, which is essential for accelerated lambing
programs. The objectives of this study were to evaluate
the effect of weaning age (60 vs.120 days) and sex on
growth performance, some plasma biochemical
constituents and thyroid gland activity (triiodothyronine
T3 and thyroxine T4) of Barki lambs in Siwa Oasis, Egypt.

March
April
May
June
July
August
September
October

AT (°C)

RH (%)

THI

24.65±0.55
27.92±0.60
29.70±0.50
34.88±0.42
35.32±0.50
36.53±0.40
32.41±0.60
32.88±0.50

46.23±1.30
41.66±1.30
40.88±1.40
35.66±1.30
35.22±1.50
35.64±1.20
40.33±1.00
39.66±0.83

70.86±0.93
74.40±0.95
76.41±0.95
81.61±0.86
82.02±1.00
83.51±0.80
79.59±0.80
80.03±0.66

AT= ambient temperature, RH= relative humidity, THI= temperature
humidity index

The mean temperature-humidity index (THI) was
calculated using the following equation:
THI= 0.8×AT°C + (RH, %) × (AT°C -14.4)/100) + 46.4 [5].
Temperature-humidity index is commonly used as an
indicator of the degree of climatic stress on animals,
where a THI of 72 and below is considered as no heat
stress, 73-77 as mild heat stress, 78-79 as moderate
and < 80 as severe [6]. Accordingly, animals were under
a mild heat stress during the 2nd and 3rd month (April and
May) while were under severe heat stress from the 4th
till the 6th month (from June to August) and returned to
moderate stress during the 7th and 8th months (September
and October) of the experimental period.
Estrus Synchronization of Ewes: Breeding ewes were
oestrus synchronized prior to mating using two doses
(10 days apart) of 1ml intra-muscular Estrumate
(cloprostenol; prostaglandin synthetic analogue, PGF2 ,
Imperial chemical Industries limited, UK); Each ml of this
analogue contains 263µg Cloprostenol Sodium BP (vet)
equivalent to 250µg Cloprostenol. Mating was carried
out naturally using highly fertile Barki rams.

MATERIALS AND METHODS
Site of Study: The present study was conducted from
March to October 2011 (8 months) in Siwa Research
Station (Tegzerty Experimental Farm for Animal
Production), which belongs to Desert Research Center.
It lies at 300 Km southwest of the Mediterranean
shoreline and at 60 Km east of the Libyan borders.
The ground surface height ranges from 10 to 20 meters
below mean Mediterranean Sea level. Siwa Oasis is
characterized by desert climate.

Live Body Weight (LBW, kg): Seventy (70) lambs were
used from birth till 240 days of age. The birth weight was
taken within 12 hr after birth and when lambs were dry.
Thereafter, lambs were weighed monthly by using an
aviary weighing-machine to the nearest 100 grams
(at 08:00 a.m.) up to 8 months of age.
Feed and Animal Management: Lambs (28 males and 42
females) and their dams were divided into 2 groups/sex
(14 males vs. 21 females) in 4 pens and fed on dam's milk
till reaching weaning age (60 vs. 120 days). At weaning
age, dams were separated from their lambs without any
contact between them. Weanling rams were separated

Climatic Conditions: Mean ± SE of monthly ambient
temperature (AT,°C), relative humidity (RH, %) and
temperature-humidity index (THI) throughout the
experimental period are presented in Table (1).
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Table 2: The chemical composition on DM basis (%) of CFM and Alfalfa hay
Item

DM%

OM

CP

CF

EE

NFE

Ash

CFM

89.25

91.52

16.31

11.56

3.42

60.23

8.48

Alfalfa hay

90.42

87.36

12.73

29.46

1.39

43.78

12.64

CFM= concentrate feed mixture, DM= dry matter; OM= organic matter; CP= crude protein;
CF= crude fiber; EE= ether extract; NFE= nitrogen free extract

from weanling ewes to prevent ewe lambs from breeding
too early. Weaned lambs were group-fed on ground
concentrate mixture and chopped alfalfa hay during the
first month following weaning process, then complete
pelleted concentrate and alfalfa hay were used up to 240
days of age. Supplement with concentrate was at 2.5%
of body weight per day. The concentrate and hay were
fed twice daily (08.00 hr and 15:00 h). Average daily
supplement was adjusted according to monthly body
weight changes of the ram and ewe lambs according to
Kearl [7]. Concentrate mixture was always provided first.
Drinking water was available ad libitum to all groups
twice daily in the morning (at 10:00h) and at the evening
(at 16:00 h). A sample of the concentrate ration and the
alfalfa hay were analyzed according to A.O.A.C. [8].
The chemical composition of commercial concentrate
feed mixture and alfalfa hay used during post-weaning
period is presented in Table (2).

Enzyme Immunoassay Test Kit (Monobind, INC, Costa
Mesa, CA 92627, USA) and Eliza Reader stat Fax-2100
according to Braveman [12].
Statistical Analysis: Statistical analysis was conducted
using the general linear model (GLM) procedures of SAS
[13]. A repeated measurement model was used.
Distributed Duncan’s tests [14] were used to compare the
treatment means.
RESULTS AND DISCUSSION
Growth Performance: Means ± SE of LBW changes and
ADG are presented in Table 3. The results indicated that
sex was had significant effect (P<0.01) on birth weight,
male lambs were slightly heavier than those of females
ones in their birth weight (4.12 and 3.06 kg vs. 4.11and
3.85 kg) for EW and LW groups, respectively. Similar to
our results, sex had significant effect on birth weight of
Kajli lambs [15]. Differences in LBW were observed with
the increase in age and its maximum was at the end of
experimental period for EW and LW groups. In
accordance, Selaive-Villarroel et al. [16] reported that sex
had significant effect (P<0.05) on growth rate of Morada
Nova lambs, the male final weight were heavier (20.7 kg)
than in females (17.6 kg), the ADG was 77 and 55 g/h/d for
males and females, respectively. They stated that sex
difference could be explained by the influence of sexual
hormones on animal development affecting body
dimensions and fat deposits, as well as, muscle and bone
tissues. Also, Khoury et al. [17] found that early weaned
calves especially female buffalo calves showed lower
gains at weaning and at subsequent ages up to six
months as compared to late weaned ones. El Fadili et al.
[18] found that sex significantly (P<0•01) affected all
aspects of fattening performance. Male lambs grew
faster (+51 g/day), showed higher food intake
(+0•10 kg/day) and better food conversion (–0•66) than
female lambs. This effect was also observed from birth to
weaning [19]. It has been found that male animals
possess greater muscle in the neck and forequarters
than females and that intact male grow faster, utilize feed
more efficiently and have less fat per carcass than
castrated males and females [20, 21].

Plasma Metabolites: Blood samples were collected
monthly at 8:00 a.m. for a whole 8 months. 10 ml
samples of blood were drawn from the jugular vein of
each lamb into test tubes containing lithium heparin as
anticoagulant. Then the samples were centrifuged at 3500
rpm for 20 minutes to obtain the plasma samples which
harvested into glass vials and kept at-20°C for the
biochemical analysis. The total plasma protein (TP, g/dl)
was estimated by the Biuret method [9]. Plasma glucose
(GLU, mg/dl) and plasma urea nitrogen (PUN, mg/dl)
were analyzed using commercially available kits
(Sigma Diagnostic, St. Louis, MO). Analysis for plasma
total cholesterol (Cho, mg/dl) and triglyceride (Tri,
mg/dl) were determined according to Siegel and
Bowdoin [10] and
Nobel and Campbell [11],
respectively.
Plasma
activities
of
aspartate
aminotranferase (AST, u/l); alanine aminotransaminase
(ALT, u/l) and total ceriatine kinase (CK, u/l) enzymes
were assayed colorimetrically according to the standard
procedures using commercially available diagnostic kits
obtained from Diasis Diagnostic Systems (Holzheim,
Germany).
Thyroid Hormones: Plasma triiodothyronine (T3, ng/ml)
and thyroxine (T4, µg/dl) were determined monthly using
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Table 3: Means ± SE of live body weight, average daily gain and total gain of Barki lambs under early (EW) and late (LW) weaning age in Siwa Oasis.

Item

EW
---------------------------------------------Males
Females

LW
---------------------------------------------------------Males
Females

No. of animals
Birth Weight (BW,kg)

14
4.12 ±0.14a

21
3.06 ± 0.07b

14
4.11±0.10a

21
3.85 ±0.05 b

Fattening period:
(Initial weight, kg)
1st month
2nd month
3rd month
?4th month (Final weight, kg)
TG, kg
ADG (g/h/d)

21.28 ±0.11a
25.13 ± 0.27 a
28.94 ± 0.31a
32.87 ± 0.36a
36.95 ± 0.28*
15.67
130.58

18.94 ± 0.07b
22.40 ± 0.10b
26.15 ± 0.11b
29.91 ± 0.12b
33.56 ± 0.18*
14.62
121.83

21.43 ± 0.24a
25.04 ± 0.18a
28.07 ± 0.21a
30.98 ± 0.17a
34.31 ± 0.19
12.88
107.33

19.91 ± 0.07b
23.50 ± 0.11b
26.40 ± 0.11b
29.29 ± 0.11b
32.58 ± 0.10
12.67
105.58

EW=early weaning; LW=late weaning; ADG= average daily gain; TG= total gain; a = (P<0.05); *= (P<0.01)
Initial weight at 120 days of age, Final weight at 240 days of age
Table 4: Means of dry matter intake (DMI, g/h/d), water consumption (WC, ml/h/d) and feed conversion ratio (FC, %) for early (EW) and late (LW) weaned
Barki lambs during fattening period in Siwa Oasis.

Item

EW
-------------------------------------------------------------------------Males
Females
-----------------------------------------------------DMI
WC
DMI
WC

LW
-------------------------------------------------------------------------Males
Females
------------------------------------------------------DMI
WC
DMI
WC

Fattening period:
1st month
2nd month
3rd month
4th month

703.5
707.5
774.3
898.5

1849
2469
2503
2740

700.5
694
761.5
849.5

Overall Mean

770.9

2390.2

751.4

FC, %
?

5.90

1947
2484
2705
2996

668.3
696.3
765.3
804

2533

733.5
6.02

7.00

1943
2475
2505
2712

694.5
690
759
791.8

2408.75

733.82

1930
2227
2211
2564
2233
6.95

Statistical analysis in terms of DMI and WC have not been performed due to applying group feeding regime

Dry Matter Intake (DMI) and Water Consumption (WC):
Means of total DMI, WC and feed conversion ratio of
Barki lambs during fattening period (4months) are set in
Table 4. The results indicated that the mean daily DMI
and WC for males were similarity and characterized
with the lower values in the 1st and 2nd month
(July and August) of fattening period (703.5, 1947 and
707.5 g/h/d, 2484 ml/h/d vs. 700.5,1943 and 694 g/h/d, 2475
ml/h/d) under EW and LW groups, respectively because
the month of July to August is considered with the
highest AT and THI and partially by lower body weight
of animal. After that the improvement of DMI and WC
occurred in the 3rd and 4 th month (September and October)
of fattening period, this response may be attributed to
the moderate climatic conditions where AT and THI
were declined (Table 1). The corresponding values for
females recorded (668.3,1849 and 696.3 g/h/d,2496 ml/h/d
vs. 694.5,1930 and 690 g/h/d, 2227 ml/h/d) in the 1 st and 2nd
month (July and August) of fattening period under EW
and LW age, respectively. From these results, it can be
observed that female lambs consumed less DMI and WC

As shown in Table 3, although the similarity in LBW
for male lambs at the commencement of fattening period
(21.28 ±0.11 vs. 21.43 ± 0.24 kg) for EW and LW groups,
respectively, however late-weaned males did not have
catching up growth like early-weaned males at the end
of fattening period. Growth response in early-weaned
lambs (males and females) compared with late-weaned
lambs (males and females) indicated their efficient
utilization of feed nutrients for body tissue accretion.
Similar results were obtained on male crossbred lambs
by [22]. In contrast, Selaive-Villarroel et al. [16] found
that lambs weaned with 60, 75 and 90 days of age
showed non-significant differences (P>0.05) on post
weaning growth, however weaning weight was the more
important and had a significant influence (P<0.05) on
lamb growth of White Morada Nova breed. It is worthily
to note that, the ADG for male and female lambs under
LW system (107.33 and 105.58 g/h/d) was similar, this
was possibly attributed to similar DMI on the first
three months (July to September) of fattening period
(Table 4).
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and subsequently achieved the less in ADG and TG
compared with male lambs. This might be evinced that
male lambs under both EW and LW groups were have
high metabolic adaptations to solid food by the
advancement of age, with increase digestive efficiency
to enhance the utilization of food ingested (enhanced
rate of metabolism). Therefore, the feed conversion ratio
was higher (5.9 and 7.0 %) for males under EW and
LW groups, respectively compared with females
(6.02 and 6.95%), respectively.
As a result lambs consumed more water to meet their
thermoregulatory need under hot conditions in Siwa
Oasis, where the fattening period was conducted during
the summer months especially from July to August which
is considered with the highest THI (Table 1) exerting
greater heat stress on lambs. This result was agreed with
the previous studies performed on sheep by Guerrini [23],
Karim [24] and Karim et al. [25]. In general, early weaning
age was had a strong influence on the ability of weaned
lambs to the earlier adaptation on solid foods and can be
better to digest and utilize it, therefore can promote lamb
growth.

period. Plasma urea nitrogen has been proposed as a
useful tool for prediction of nitrogen excretion and the
efficiency of utilization of dietary protein in sheep [29].
Similar results observed by Poe et al. [30] who found that
plasma urea levels in lambs dropped at weaning and
slowly increased with the ingestion of feed and
development of the rumen.
For late-weaned lambs, during pre-weaning period,
PUN values ranged from 15 to 17 mg/dl and did not
differ among male and females until the 3rd month of age
followed with sharp elevation in PUN on the 4 th month,
the rate of increase recorded 42.07 and 36.36% for male
and females, respectively. The reason of this increase
may be due to the ingested of concentrate feed mixture
which offered to their dams where the presence of lambs
with their dams until this age under suckling period,
lambs are routinely consumed with mother's diet which
is high in their nutrient value. Weaning process at 120
days of age led to sharp decline (P<0.05) in PUN levels
in both male and females on the 5th month of animal age
(the 1 st month after weaning), the rate of change
recorded-12.57 and-17.9% for male and females,
respectively, after that pronounced increase in PUN
concentration observed from the 6th till the 8th month of
age
(included
fattening
period) where PUN
concentration reached to 31 to 35 mg/dl.
The results indicated that, values for plasma TP in
early-weaned lambs, during pre-weaning period, estimated
from 6 to 6.2 g/dl and did not differ between male and
females. Weaning process at 60 days of age led to
decline in plasma TP levels in both male and females on
the 3 rd month of animal age, the rate of change
recorded-11.04 and-13.63% for male and females,
respectively,
after that plasma TP concentration
gradually increased from the 4th month up to the end of
the study. The highest increase of plasma TP was
occurred
during
fattening
period without
significantly differences between males and females.
Serum proteins are synthesized in the liver [31],
thus the tendency for the constant level in plasma
total protein during fattening period indicate that
early weaned lambs have not any negative effect on
liver function and subsequently on lambs health.
For early-weaned lambs, the end values (P<0.01) of
plasma TP were 7.67±0.09 and 7.58±0.06 g/dl with rate of
change recorded 9.41 and 5.72% for male and female
lambs, respectively during fattening period. In
accordance, Hamdon [32] and Bekele et al. [33] reported
that plasma protein concentration was not varied with sex
of lambs.

Plasma Biochemical Responses
Plasma Urea Nitrogen (PUN) and Total Proteins (TP):
Means ± SE of PUN and TP concentrations are
presented in Table 5. For early-weaned lambs, during
pre-weaning period, PUN values ranged from 15 to 17
mg/dl and did not differ among male and females.
Weaning process at 60 days of age led to decline in PUN
levels in both male and females on the 3rd month of animal
age, the rate of change recorded-12.57 and-17.9% for
male and females, respectively, after that PUN
concentration stabilized at 24 to 29 mg/dl on the 4th and 5 th
month, followed rapid increase from the 6th till the 8th
month, where PUN concentration reached to 34 to 38
mg/dl. Blood et al. [26] reported that normal values
of PUN in sheep ranged from 18 to 42 mg/dl.
The pronounced decrease in PUN at the first month
after weaning process may be attributed to the effect of
the separation between lambs and their dams and the
suddenly shift from liquid (suckling) into solid feeding,
which influenced the appetite of lambs. Preston et al.
[27] reported that, concentrations of PUN in ruminants
are highly correlated to protein intake. Also, Lewis [28]
reported that PUN reflects the level of ammonia
production in the rumen of ruminants. The rapid increase
in PUN all lambs from the 5th month till the end of
experimental period may have been related directly to the
ingested crude protein in fattening ration during this
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Table 5: Means ± SE of plasma total proteins, urea nitrogen, total cholesterol and triglyceride concentrations of early (EW) and late (LW) weaned Barki lambs
throughout the study
Treatment
---------------------------Age
Sex

Early Weaning
---------------------------------------------------------------PUN
TP
Cho
Tri

Late Weaning
-------------------------------------------------------------------PUN
TP
Cho
Tri

1 Month

M
F

15.9b
16.2b

6.07b
6.09b

42.3b
38.2b

24.64b
20.74b

16.4b
15.4b

6.40b
6..30b

42.1b
38.9b

24.91b
20.96b

2 Months

M
F

16.1b
16.4b

6.21b
6.18b

43.9a
38.5b

25.36a
21.38b

16.7a
15.6b

6.22b
6.12b

42.7a
37.9b

25.89a
22.27b

3 Months

M
F

13.9a
13.3a

5.40a
5.26a

47.3a
40.9a

24.93a
21.58b

16.3a
15.3b

6.44b
6.14b

45.7b
41.2b

25.26a
21.99b

4 Months

M
F

26.6a
29.2a

6.56a
6.57a

47.0a
41.9a

25.06a
21.63b

23.3a
21.0a

6.73b
6.66b

49.0a
43.8a

24.99a
21.98b

5 Months

M
F

24.9a
27.4a

7.01a
7.17a

47.6a
43.6a

25.24a
21.71b

18.6a
18.0a

6.03a
6.01a

50.4a
45.4b

25.21a
21.35a

6 Months

M
F

35.6a
34.4a

7.49a
7.51a

47.4a
44.5a

25.56a
22.07a

30.6a
29.2a

7.41a
7.32a

51.1a
47.6a

25.30a
21.76a

7 Months

M
F

37.6a
35.8a

7.57a
7.55a

52.0a
47.5a

25.80a
21.75a

35.1a
31.8a

7.59a
7.47a

52.4a
49.7a

25.70a
22.10a

8 Months

M
F

37.3a
36.4a

7.67a
7.58a

52.9a
47.8a

25.89a
22.27a

35.4a
32.9a

7.69a
7.61a

53.4a
49.8a

25.96a
22.02a

±SE

M
F

0.30
0. 25

0.03
0.02

0.28
0.24

0.13
0.11

0.30
0. 25

0.03
0.02

0.28
0.24

0.13
0.11

Sex mean

M
F

25.98*
26.14

6.75NS
6.74NS

47.55*
42.86

25.31*
21.64

24.05*
22.4

6.81NS
6.70NS

48.35*
44.04

25.30*
21.84

M=males; F= females; SE= slandered error; a = (P<0.05); * = (P<0.01); NS = non-significant; TP= total proteins, g/dl;
PUN= plasma urea nitrogen, mg/dl; Cho= total cholesterol, mg/dl; Tri= triglyceride, mg/dl

The pronounced decrease in plasma TP concentration
at the first month after weaning process may be attributed
to the effect of the separation between lambs and their
dams and the sudden shift from liquid (suckling) into
solid feeding, which influenced the appetite of lambs
(Post-weaning anorexia decrease). The increase in plasma
TP concentration in all lambs from the 5 th month up to the
end of experimental period may have been related directly
to the ingested crude protein in fattening ration which
was enough to compromise protein synthesis by the liver
compared with milk protein during pre-weaning period.
For late-weaned lambs, during pre-weaning period,
plasma TP values estimated from 6.1 to 6.7 g/dl and did
not differ between male and females. From the 3 rd month
to the 4th month plasma TP increased slightly, the reason
of this increase may be due to the ingested of concentrate
feed mixture which offered to their dams where the
presence of lambs with their dams until this age under
suckling period, lambs are routinely consumed with
mother's diet which is high in their nutrient value.
Weaning process at 120 days of age led to decline in
plasma TP levels in both male and females on the 5th
month of animal age, the rate of change recorded -5.78 and
-4.60 % for male and females, respectively, after that
plasma TP concentration gradually increased from the 6th

month up to the end of the study. The highest increase
of plasma TP was occurred during fattening period
without significantly differences between males and
females. The end values (P<0.05) of plasma TP were
7.69±0.07and 7.61±0.06 g/dl with rate of change recorded
12.8 and 14.26 % for male and female lambs, respectively
during fattening period. In accordance, Hamdon [32] and
Bekele et al. [33] reported that plasma protein
concentration was not varied with sex of lambs. Statistical
analysis shows no significant (P>0.05) effect of weaning
age on plasma TP concentration of lambs.
Plasma Total Cholesterol (Cho) and Triglyceride (Tri):
The results presented in Table 5 indicated that plasma
Cho concentration gradually increased for all lambs and
reached to peak in the 7th and the 8 th months (September
and October) during fattening period. For EW lambs the
highest values were recorded (52 and 47.5 mg/dl vs. 52.9
and 47.8 mg/dl) for males and females during September
and October months, respectively. For LW lambs the
highest values were recorded (52.4 and 49.7 mg/dl vs. 53.4
and 49.8 mg/dl) for males and females during September
and October months, respectively. The pronounced
increase (P<0.01) in males than females may be due to
the physiological signals linking the puberty phenomena
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of males in Barki breed. This result is in agreement with
those obtained by Zidane [34] who reported that plasma
Cho concentration of heavy lambs could be increased
since Cho is the main precursor of testosterone. Plasma
Cho of heavy lambs could be increased since cholesterol
is the main precursor of testosterone, the physiological
signal linking the puberty phenomena of males appears
to be directly to testosterone secretion [35]. Besides,
Espinoza et al. [36] reported that when crude protein
consumption increased from 14 to 16%, plasma
cholesterol level of sheep was tended to increase.
Similar results obtained by Nazifi et al. [37] who found
that age had a significant effect on the serum
concentration of cholesterol and triglyceride of Iranian
camels, the values being higher in older animals.
Statistical analysis shows no significant (P>0.05) effect of
weaning age on plasma Cho concentration of lambs.
Concerning the effect of sex, The results presented
in Table 5 indicated that, mean comparison tests
revealed that differences between males and females
began to be significant (P<0.01) from the first month up to
the end of experimental period. The overall means of
plasma Cho concentration recorded (47.55 and 42.86
mg/dl vs. 48.35 and 44.04 mg/dl) for male ands females
lambs in both EW and LW groups, respectively.
Cole et al. [38] found that serum Cho changes in calves
are associated with sex, however the reasons for the sex
differences is not apparent. Also, Musa et al. [39]
found that plasma Cho and Tri values were higher
(P<0.01) in male lambs than females. Moreover, they
mentioned that, in females, estrogen status determine
significantly plasma Tri, where the higher estrogen level,
the lower values of Tri in females [40]. Statistical analysis
showed the interaction between sex x age was highly
significant (P<0.01). The rate of change by the age
progress recorded (25.01 and 25.13 % vs. 26.84 and 28.02
%) for male and female lambs, respectively in both EW
vs. LW groups.
Concerning the effect of sex, the results presented in
Table 5 revealed that, mean values of plasma Tri
concentration was the higher (P<0.01) for male lambs
under EW and LW system compared with females
throughout the experimental period. The overall means
of plasma Tri concentration recorded (25.31 and 21.64
mg/dl vs. 25.30 and 21.84 mg/dl) for males and females
lambs in both EW and LW groups, respectively.
Musa et al. [39] found that plasma Cho and Tri levels
were higher (P<0.01) in male lambs than females.
Also, Nazifi et al. [37] found that age had a significant
effect on the serum concentration of cholesterol and
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triglyceride of Iranian camels, the values being higher in
older animals. It is valuable to note that, the rate of
change of plasma Tri concentration during fattening
period recorded identical percentages (2.60 and 2.60%
vs. 3.0 and 3.1 %) for male and female lambs in both EW
and LW groups, respectively. Statistical analysis shows
no significant (P>0.05) effect of weaning age on plasma
Tri concentration of lambs, while the interaction
between sex and age was highly significant (P<0.01).
The rate of change by the age progress recorded
(5.1 and 7.4 % vs. 4.21 and 5.1 %) for male and females
lambs in both EW and LW groups, respectively.
In contrast, O'kelly and Wallace [41] and Irmak et al. [42]
found that serum cholesterol and triglyceride
concentrations were significantly lower in the premature
calves than in newborn calves.
Plasma Glucose (GLU): Glucose is the energy source of
organism and its blood level varies among species [43].
Blood glucose level in sheep is ranged between 50-80
mg/dl [43, 44]. Means ± SE of plasma glucose
concentration for Barki lambs under early and late
weaning systems are presented in Table (6). The present
results revealed that lambs maintained their plasma GLU
levels at homeostasis state from the 1st month till pre
fattening period (the 5th month). This homeostasis of
plasma GLU levels may be is attributed to the quantity
of glycogen stores in liver. Plasma glucose level
increased in advanced of body weight during the months
from 5-8 (fattening period) and the level of plasma glucose
tended to be higher for heavy lambs (males) in face light
lambs (females). The overall means of plasma GLU
concentration recorded (48.8 and 43.6 mg/dl vs. 48.2 and
43.7 mg/dl) for male ands females lambs in both EW and
LW groups, respectively. Similar results reported by
Ramzan et al. [45] who found that in both Betal and
Barbari goat breeds, males had higher (P<0.01) blood
glucose concentration than females. On the other hand,
in weaned kids with ad libitum access to feed, high plasma
glucose at 8 wk after weaning process was partially
reflects high concentrate intake. Similarly, Fernandez et
al. [46] found that calves fed diets having a high
concentrate showed greater (P<0.01) blood GLU
concentration during post-weaning period.
In the present study, weaning age has not
significant effect on plasma GLU concentrations in all
lambs. In contrast, Quigley et al. [47] found that
concentration of plasma glucose tended to be lower in
calves weaned early (P<0.07) and averaged 85.0 and 90.3
mg/dl in calves weaned early and late, respectively.
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Table 6: Means ± SE of plasma glucose and thyroid hormones concentrations of early (EW) and late (LW) weaned Barki lambs throughout the study
Treatment
---------------------------------Age
Sex

Early Weaning
-------------------------------------------------------------GLU
T3
T4

Late Weaning
------------------------------------------------------------GLU
T3
T4

1 Month

M
F

46.0b
41.1 b

1.37 b
1.27 b

4.63 b
4.10 b

45.3 b
41.3 b

1.31 b
1.27 b

4.46 b
4.21 b

2 Months

M
F

46.6 b
41.7 b

1.38 b
1.31 b

4.74 b
4.30 b

45.3 b
40.9 b

1.39 b
1.32 b

4.60 b
4.04 b

3 Months

M
F

45.3 b
41.9 b

1.23 b
1.15 b

4.76 b
4.59 b

45.9 b
41.6 b

1.37 b
1.20 b

4.73 b
4.31 b

4 Months

M
F

45.1 b
41.4 b

1.51 b
1.33 b

3.60 a
3.26 a

45.1 b
41.1 b

1.60 a
1.37 a

3.80 a
3.02 a

5 Months

M
F

51.1a
46.4 a

1.63 a
1.42 a

3.70 a
3.09 a

50.6 a
44.7 a

1.60 a
1.43 a

3.23 a
3.15 a

6 Months

M
F

51.7 a
45.6 a

1.60 a
1.49 a

3.36 a
2.90 a

50.3 a
47.0 a

1.61 a
1.54 a

3.10 a
3.04 a

7 Months

M
F

52.0 a
45.3 a

2.20 a
1.86 a

5.74 a
4.99 a

51.4 a
47.5 a

1.97 a
1.76 a

5.14 a
4.34 a

8 Months

M
F

52.6 a
46.0 a

2.36 a
1.94 a

6.09 a
4.90 a

51.9 a
45.5 a

2.01 a
1.85 a

5.19 a
4.54 a

±SE

M
F

0.40
0.33

0.02
0.02

0.05
0.04

0.40
0.33

0.02
0.02

0.05
0.04

Sex mean

M
F

48.8**
43.6

1.66*
1.47

4.60*
4.01

48.2**
43.7

1.61*
1.47

4.30*
3.83

M=males; F= females; SE= slandered error; a = (P<0.05); * = (P<0.05); ** = (P<0.01)
GLU= glucose, mg/dl; T3 = triiodothyronine, ng/ml; T4 = thyroxine µg/dl

Poe et al. [30] found that glucose concentration dropped
sharply immediately after weaning and did not return to
pre-weaning levels. The drop in plasma glucose was
mainly due to the stress of weaning process of lambs.
Statistical analysis showed that there was significant
(P<0.05) effect on the interaction between age × sex on
plasma GLU concentration.

(males and females) were had similar plasma T 3
concentrations while plasma T4 levels were higher for
males than females at the beginning of the study.
As shown in Table 6 the results indicated that
plasma T3 and T 4 concentrations peaked in the 7th and 8th
month of age (September and October) in all lambs.
The values for males and females under early weaning
system were (2.20±0.07 and 5.74±0.12 and 1.86±0.06 ng/ml
and 4.99±0.09 µg/dl vs. 2.36±0.07 and 6.09±0.18 and
1.94±0.08 ng/ml and 4.90±0.12 µg/dl for September and
October months, respectively). The corresponding
values for males and females under late weaning system
recorded (1.97±0.06 and 5.14±0.09 and 1.76±0.08 ng/ml
and 4.34±0.13 µg/dl vs. 2.01±0.09 and 5.19±0.16 and
1.85±0.07 ng/ml and 4.54±0.17 µg/dl for September and
October months, respectively). Table 6 show that the
concentrations of thyroid hormones (T3 and T 4) did not
significantly differ depending on weaning age.
Furthermore, plasma T3 concentration increased gradually
with increasing LBW throughout the study. The highest
values in T3 levels were observed in all lambs during
fattening period. Plasma T4 concentration was more
associated with climatic conditions throughout the
study. These levels of T4 were increased with low
and
decreased with high climatic conditions
(AT and THI).

Thyroid Hormones Activity: Thyroid gland hormones are
important modulators for developmental processes and
general metabolism [43]. As seen in (Table1) in Siwa
Oasis, the climatic conditions (included AT and THI)
starts to increase from the beginning of June till August
months and reached its peaks (34.88 °C and 81.61 and
35.32 °C and 82.02 and 36.53 °C and 83.51) for AT and
THI, respectively. The mean ± SE of plasma
concentrations of T3 and T4 for male and female lambs
under early and late weaning age are summarized in
Table 6. Plasma T3 concentration at the one month of
age in male and female lambs were (1.37±0.09 and
1.27±0.07 ng/ml vs. 1.31±0.05 and 1.27±0.07 ng/ml,
for early and late weaning age, respectively.
The corresponding values for plasma T4 concentration
were (4.63±0.16 and 4.10±0.15 µg/dl vs. 4.46±0.12 and
4.21±0.22 µg/dl) for early and late weaning age,
respectively. According to these values, all lambs
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As shown in Table 1 the study included three
months (June-August) which are characterized as hot
months (high AT and high THI). Therefore, the decline in
plasma T4 concentration in all lambs may be referring to
hot summer or due to the T4 de-iodination into T 3 which
had an additive effect on increased plasma T3
concentration. In accordance, Al-Damegh [48] studied the
effect of breed type of sheep on plasma thyroid
hormones under hot climate and found that the high
thermal stress during the months of July and August
suppressing the release of thyroid hormones.
Also, Rasooli et al. [49] found that plasma T3 and T4
concentrations of Holstein heifers were (P<0.01) lower
in summer than winter. Bueno et al. [50] found that
concentrations of plasma T3 were the highest in August
and the lowest in the December for calves at time
weaning. The results revealed that plasma T4
concentration were the lowest in all lambs in the 6th month
of age (August). In accordance, Rasooli et al., [49] found
that very hot conditions had a profound effect on thyroid
activity and some serum biochemical parameters in
calves. Other study working on goats, Prakash and
Rathore [51] showed that a significant decrease in serum
T3 and T4 levels from May to July was noticeable. These
authors believed that during summer the exposure of
animals to the high environmental temperature
depressed the functional activity of thyroid gland.
Regarding the effect of sex on thyroid hormones the
results indicated that male lambs had slightly higher
overall means of T3 and T4 (1.63 ng/ml and 4.43 µg/dl)
concentrations compared with females (1.50 ng/ml and
3.92 µg/dl). From the present results (Table 6) the
decrease of the circulating T3 and T4 in female lambs
under EW and LW system might explain their lower ADG
than males (121.83 and 130.58 g/h/d vs. 105.58 and 107.33
g/h/d) for EW and LW groups, respectively. Al-Damegh
[48] reported that the decrease in circulating T4 in lambs
might explain the lower growth rate. In contrast,
Eshratkhah et al. [52] reported that a significant
difference
between two sexes of plasma thyroid
hormones (T3 and T 4) concentrations of calves, values of
these hormones were higher in females than males.
Statistical analysis showed that there was significant
(P<0.05) effect on the interaction between sex and age on
plasma T3 and T 4 concentrations.
The thyroid gland is one of the most sensitive
organs to the ambient heat variation. Cold environment
may be a stimulus to increase the thyrotrophic hormone
output thereby resulting in a higher concentration of
thyroid hormones in serum. Therefore, the results of this

study showed that plasma T3 and T4 was significantly
higher in September and October months (Table 6), which
was coincidence with the lowest environmental
temperature. In accordance Rasooli et al. [49] reported
that, in winter when the environmental temperature was
at the lowest degree (from 20.2 to 23.4°C), the serum
T 4 like T3 was higher than the other sampling times. In
contrast, Nazifi et al. [53] reported higher levels of serum
T 3 and T4 were observed in summer in comparison to
winter in the camel. Yagil et al. [54] believed that in
summer if enough water provided to camel, thyroid
function is stimulated but in the absence of water,
inhibition could be seen.
In the present study, plasma T3 and T 4 concentrations
elevated at premature phase (in the 7th and 8 th months of
age), based on these findings it is likely that the
conversion of T4 to T3 may be impaired, where during the
last two months of fattening period growing lambs
needed to increase the basal metabolic rate, protein
synthesis in their muscles and more of energy (glucose)
to achievements these biological functions, therefore
plasma T3,T4 and GLU concentrations increased in the
two last months of fattening period. Capen and Martin
[55] reported that the overall effects for T3 and T4 are to
increase the basal metabolic rate, to make more glucose
available to cells, to stimulate protein synthesis, to
increase lipid metabolism and to stimulate cardiac and
neural functions. In general, plasma levels of T4 were not
related with age in all lambs but were affected by climatic
conditions and LBW. Irmak et al. [42] found that serum T4
level was higher in premature calves than in newborn
calves, while serum T3 concentration was lower in
premature calves than in newborn calves. In brief, these
changes in plasma thyroid hormones indicated that the
measurement concentrations of metabolic hormones are
very important in order to understand the changes of
metabolism and nutrient supply in growing lambs.
Plasma ALT and AST Enzymes Activity: Most plasma
enzymes come from different tissues of animal. Its activity
had a relation with metabolism and functional status of
certain organs. Body's ability to adjust and adapt
depend on the function of tissues and organs largely
[56]. ALT and AST are cytosolic enzymes having wide
tissue distribution with the highest concentrations found
in the liver, thus it were the first enzymes to be used in
diagnostic enzymology when liver damage occurred;
ALT is thought to be a more specific indicator than AST
[57]. Means ± SE of plasma ALT and AST concentrations
of lambs under early and late weaning system are
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Table 7: Means ± SE of Plasma alanine aminotransaminase, aspartate aminotransferase and creatine kinase activities of early (EW) and late (LW) weaned Barki
lambs throughout the study
Treatment
------------------------------Age
Sex

Early Weaning
-----------------------------------------------------------ALT
AST
CK

Late Weaning
-----------------------------------------------------------ALT
AST
CK

1 Month

M
F

9.51b
9.53 b

83.1 b
80.5 b

114.4 b
113.9 b

9.71 b
9.32 b

80.75 b
80.73 b

113.4 b
113.7 b

2 Months

M
F

9.81 b
9.64 b

82.5 b
81.2 b

113.7 b
112.7 b

9.55 b
9.32 b

82.02 b
80.70 b

113.6 b
113.9 b

3 Months

M
F

10.11 b
9.68 b

81.6 a
77.90 a

113.4 b
113.1 b

9.83 b
9.62 b

81.09 b
80.70 b

112.9 b
112.8 b

4 Months

M
F

10.30a
10.41 a

81.2 a
80.7 a

116.0 a
116.0 a

10.39 a
10.17 a

80.91 a
80.40 a

117 a
116 a

5 Months

M
F

10.81 a
10.94 a

75.1 a
74.2 a

119.0 a
117.0 a

10.93 a
10.48 a

74.67 a
73.93 a

120 a
117 a

6 Months

M
F

11.30 a
11.05 a

70.9 a
69.6 a

118.3 a
117.7 a

11.13 a
11.08 a

70.63 a
70.46 a

117.3 a
116.1 a

7 Months

M
F

11.96 a
11.86 a

71.3 a
69.3 a

107.7 a
104.9 a

11.50 a
11.30 a

71.00 a
69.20 a

106.4 a
103.9 a

8 Months

M
F

12.25 a
11.92 a

71.3 a
70.12 a

106.6 a
104.4 a

12.05 a
11.95 a

70.43 a
69.43 a

106.3
104.5

±SE

M
F

0.05
0.04

0.30
0.25

0.40
0.32

0.05
0.04

0.30
0.25

0.40
0.32

Sex mean

M
F

10.80*
10.63

77.12*
75.44

113.64*
112.46

10.64*
10.40

76.44*
75.70

113.4*
112.2

a
a

M=males; F= females; SE= slandered error; a = (P<0.05); * = (P<0.01); ALT = alanine aminotransaminase, u/l;
AST = aspartate aminotransferase, u/l; CK = creatine kinase, u/l

presented in Table 7. Regarding the effect of weaning age
on plasma ALT and AST concentrations, the results
indicated that, plasma ALT concentrations increased
significantly (P<0.05) from the subsequent month of
weaning age till the end of experimental period in all
lambs under both EW and LW systems. The opposite
trend was observed on plasma AST concentrations in all
lambs under both EW and LW systems. The rate of
change in plasma AST levels in the first month after
weaning process were the lowest (-2.3 and-3.23%) for male
and female lambs, respectively under EW group.
However, LW group recorded the bigger decrease
(-7.53 and-8.42%) for male and females, respectively.
These results indicated that male lambs under two
weaning age systems were have less rate of decrease in
plasma AST levels (positive effect on liver function)
compared with female lambs and subsequently early
weaned lambs can increase the stress resistance of the
body by the positive effect on the liver function where
they have a less weaning stress. Similarly, Shi-Gang et al.
[56] reported that Kazak sheep which weaned at 60 days
(early weaning) were have strong anti-stress ability after
early weaned compared with Merino sheep which weaned
at 40 days and Bayinbuluj sheep which weaned at 90 days
of age. Also, Xiangmei et al. [58] reported that the

activity of AST, CK and lactate dehydrogenase (LDH)
in serum could be used as indicators of weaning stress
in piglets.
Regardless the effect of weaning age, male lambs
were found to have higher (P<0.05) ALT and AST values
(10.7 u/l and 76.8 u/l) than females (10.5 u/l and 75.8
u/l).This elevation in liver enzymes may be attributed to
the higher feed intake (Table 4), higher metabolism and
functional status for males compared with females.
Rumosa Gwaze et al. [59] found that higher plasma AST
concentration in male than in female Nguni goats.
Increasing activity of ALT (P<0.05) at the beginning of
fattening period gives us information on gluconeogenesis
(Table 6). This aminotransaminase enzyme is highly
active in the liver and their activity could be considered
as a measure of gluconeogenesis. Previous studies were
performed by Lenna et al. [60] and Antunovic et al. [61]
demonstrated that increasing of gluconeogenesis was
followed by the increasing activity of ALT and AST in
vitro and in growing lambs, respectively.
Plasma Total Creatine Kinase Activity: The total activity
of plasma creatine kinase (CK) has been determined as
the sum of the enzymes activities originating from
different organs such as muscle, kidney, spleen, liver or
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CONCLUSION

lung [62]. Means ± SE of CK concentration are presented
in Table 7. The present findings revealed that, values of
CK concentration ranged from 112.7 to114.4 u/l and did
not differ between male and females in the first three
months (March-May) of the study. Thereafter, CK
increased significantly (P<0.05) in the subsequent three
months (June-August), but with higher values (P<0.05)
for males than females, this increase may be associated
with severe climatic conditions (Table 1), the values
ranged between 116 to 120 u/l. In the last two months
(September and October), slightly decrease in total plasma
CK concentration estimated with higher values (P<0.01)
for males than females, the values ranged between 103.9
to 107.7 u/l. According to Ward and Peterson [63] the
increase in enzyme activity may be partly attributed to
cellular damage as a direct consequence of heat stress.
The observed decline in total plasma CK activity for all
lambs during September and October months might be
associated with the recovery of their tissues of long
term exposure to high environmental temperature
(June-August). From these results, weaning age has not
significant (P = 0.902) effect on plasma CK concentration.
Previous study conducted on sheep revealed that a
positive linear relationship between temperature and CK
levels [64]. The obtained results also agrees with findings
by Melesse et al. [65] who reported increased CK levels
in chickens due to high temperatures. Also, Partida et al.
[66] reported that increasing environmental temperatures
and pre-slaughter conditions such as loading and
transportation increased CK levels in young Friesian
bulls.
Regarding the effect of sex on total plasma CK
concentration, the obtained results indicated that male
lambs in both EW and LW groups were found to have
higher concentration of total plasma CK than female
lambs from the 4th up to the 8th month (June-October) of
animal age. Moreover, male lambs peaked (P<0.05) in the
5th month (July) with value estimated 120 u/l compared
with female lambs (119 u/l). In accordance, Rumosa Gwaze
et al. [59] found that, higher total plasma CK was
observed in male than in female Nguni goats. Statistical
analysis showed that there was significant (P<0.05) effect
on the interaction between sex X age on total plasma CK
concentration. Concisely, body growth, development of
digestive system (included cellulation) and climatic
conditions were the main factors which led to a change in
plasma CK level from low values (March to May months)
followed with high values (June to August months) and
returned to low values during September and October
months (behaved wave shape).

In conclusion, the obtained results indicated that
early weaning at 60 days of age didn't have negative
effects on plasma hormonal and biochemical indicators.
Early-weaned lambs has better growth compared with
late-weaned lambs (120 days of age). Therefore, Barki
lambs can be weaned at 60 days of age.
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