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Abstract

Background: The fertility and genetic value of the flock can be enhanced by selecting lambs with highly developed
early puberty characteristics. Spirulina (SP) has been evaluated as a natural product supplement to boost lamb growth,
immunity, and productivity.

Aim: Study growth performance, blood metabolites, puberty development traits, semen quality, and seminal plasma
biochemical concentrations of growing Barki lambs when supplemented with SP at different levels.

Methods: in a 24 weeks study, 30 Barki male lambs weighing an average of 21.78 + 2.56 kg, with a body condition
score 0f 3.20 + 0.55 and an age of about 16 + 0.24 weeks were used. The lambs were randomly assigned to three groups
(10 lambs each) of daily SP supplementation levels per lamb of 0 ml (control), 50 ml (SP1), and 100 ml (SP2). The SP
powder was made into a water suspension using SP to water ratio of 1 g:10 ml. The growth characteristics, as well as
the development of puberty, blood metabolites, and semen quality analysis of every lamb, were measured.

Results: The growth performance was greater (p < 0.05) in SP2 lambs compared with other lambs. While daily dry
matter intake was not affected by SP treatment, feed efficiency had significantly improved in SP2 groups. Furthermore,
the SP2 lambs have attained puberty at early ages than the control lambs. The testes volume of SP2 lambs was bigger (p
< 0.05) than other groups throughout the pre-pubertal up to the puberty stage. The addition of SP had no effects on the
total protein, glucose, and triglycerides concentrations. Meanwhile, the cholesterol concentration was lowest (p < 0.05)
in the SP2 lambs. The blood and seminal plasma levels of alanine aminotransferase and aspartate aminotransferase
decreased (p < 0.05) in the SP lambs more than their control counterparts. The levels of superoxide dismutase reduced
glutathione, and total antioxidants had increased (p < 0.05) in the treated lambs compared with the control group.
Further, the malondialdehyde levels decreased (p < 0.05) in the SP-treated lambs. Additionally, the SP2 lambs produced
better semen quality than the control lambs.

Conclusion: SP supplementation (100 ml/head/day) enhanced growth performance, feed efficiency, and antioxidative
status, exerting a positive influence on the physiological parameters and sexual behavioral patterns at puberty in Barki
lambs.
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Introduction

In Egypt, three major sheep breeds -contribute
approximately 6.4% of the total red meat production
(Galal et al., 2005). Approximately 8.5% of all
Egyptian sheep are Barki sheep (FAO, 2017). Besides
being capable of adapting to harsh desert conditions,
they also produce substantial amounts of meat, wool,
and milk under those conditions (El-Wakil et al., 2008;
Abousoliman et al., 2020). The Barki sheep is also a

source of income for Egyptian farmers and a source of
meat for the locals (Mansour, 2021). Therefore, there
is a great deal of interest in understanding how these
animals grow and what traits they possess to improve
the quality of the meat they produce. It has also been
shown that breeding programs that focus on selecting
male lambs with advanced puberty characteristics
enhance the flock’s fertility and genetic value (Ibarra
et al., 2000, Mansour, 2021).
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As an alga, spirulina (SP) contains large amounts of
amino acids, fatty acids, antioxidants, and carotenoids
(Holman and Malau-Aduli, 2013; Ranjith ef al., 2013).
Additionally, SP has antiviral, antimicrobial, and anti-
inflammatory properties besides immune function
(Wang et al., 2007; Wu et al., 2016; Liang et al., 2020).
Further, it does not harm kidneys, livers, or reproductive
systems (Gutiérrez-Rebolledo et al., 2015). SP is now
used in livestock systems for a variety of purposes
(Shields and Lupatsch 2012). Some reports have also
found that SP increases sheep productivity (Bezerra
et al., 2010; EL-Sabagh et al., 2014; Kashani et al.,
2015; Alghonaim et al., 2022). According to Bezerra
et al. (2010), lambs fed SP grew faster than lambs not
fed SP. SP could also serve as an antioxidant, immune
stimulant, and growth promoter in fattening lambs’
diets (EL-Sabagh et al., 2014). Furthermore, using SP
as a water suspension in dual-purpose sheep increased
polyunsaturated fatty acid levels in lamb (Kashani
et al., 2015). Alghonaim et al. 2022 also reported that
SP supplementation boosted weight gain, nutrient
digestibility, and nitrogen utilization in growing Najdi
lambs. Subsequently, it was hypothesized that SP
could increase the lamb’s productive performance and
subsequently improve puberty characteristics. Thus,
the aim of this study was to evaluate the influence
of different levels of SP supplementation on growth
performance, blood metabolites, puberty development
traits, semen quality, and seminal plasma biochemical
concentrations in growing Barki lambs.

Materials and Methods

Animal management and experimental design

The present study was performed at the Agriculture
Experimental ~ Station, Faculty of Agriculture,
Damanhour University, Al-Behera governorate, Egypt.
A total of 30 Barki male lambs weighing an average of
21.78 £ 2.56 kg, with a body condition score of 3.20 +
0.55 and an age of about 16 + 0.24 weeks were used.
All lambs were kept under the same environmental,
hygienic, and managerial conditions. All lambs were
kept under similar conditions of accommodation
systems in shaded areas. Lambs were fed the same diet
[2.5% of initial body weight (BW)] according to the
National Research Council (2007) recommendations
twice daily at 7 AM and 5 PM. The ingredients and
chemical composition of the diet are stated in Table 1.
The freshwater was available continuously to all
lambs during the experimental period. Before starting
the experiment, lambs were treated for internal and
external parasites, as well as vaccinated against the
most common infectious diseases.

The lambs were randomly assigned into 3 groups
(10 lambs each) according to the treatment types
as control and SP groups. The SP powder (TAAU,
Darwin, Northern Territory, Australia) was made
into a water suspension using SP to water ratio of 1
g:10 ml. This was daily given to the lambs using a

Table 1. The ingredients and chemical composition of the
diet used in the experiment.

Item Content
Ingredients, % of dietary DM

Corn, grain 35.00
Wheat bran 14.00
Soybean meal 5.00
Alfalfa hay 40.00
Salt 1.00
Limestone 2.00
Molasses 2.00
Mineral and vitamin premix* 1.00
Nutrient composition, DM basis

DM, % 90.12
CP, % 14.5

Ether extract, % 1.72

NDF, % 40.34
ADF, % 25.95
Ash, % 8.92
Metabolizable energy, Mcal/kg 2.9

* Contained per kg, 10,000 IU vitamin A, 1,000 IU vitamin D, 20
IU vitamin E, 300 mg Mg, 24 mg Cu, 0.6 mg Co, 1.2 mg I, 60 mg
Mn, 0.3 mg Se, 60 mg Zn.

sheep drench to directly deliver each lamb assigned
SP level of supplementations as control (0 ml), SP1
(50 ml), and SP2 (100 ml). Supplementations were
administered directly to each lamb before the morning
daily diet. The doses of SP were prepared according
to the recommendations by Kashani et al. (2015).
The duration of the experiment was 22 weeks, plus an
acclimatization period of 2 weeks for adaptation.
Ethical approval

The experimental procedures were approved by the
University Ethics Monitoring Committee by following
the guidelines of the Animal Welfare Committee.
Evaluation of the growth performance and feed
efficiency

During the experimental period, each lamb’s live BW
was measured every 15 days before morning feeding by
using an electronic lamb scale. The height of the hips,
the body length, and the heart circumference were also
measured during puberty. The distance between the point
of the shoulder and the pin bone was used to measure
the length of the body (Afolayan et al., 2006). Using
Ibrahim’s (2015) formula, the heart girth was measured
by calculating the circumference behind the legs. While
the height of the rump was measured according to
Afolayan et al. (2006) from the hips to the hoof wall.
Daily feed intake in dry matter (DM) was calculated
by recording the weight of offered feed and feed
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refusals for each lamb. DM content was assessed by
drying samples in a 100°C oven for 24 hours, while
ash content was obtained by incinerating samples in
a muffle furnace at 550°C for 3 hours. The AOAC
technique (1990) was used to determine the amount of
crude protein (CP), neutral detergent fiber (NDF), and
acid detergent fiber (ADF), respectively. A BW body
weight gain (BWG) per kilogram of DM intake was
determined for each lamb’s increase in feed ratio. In
addition, the relative growth was calculated according
to the following equation: the relative growth = (final
BW-initial BW)/initial BW x 100.

Assays for puberty

All animals were witnessed twice weekly to detect
puberty improvement from the initiation of the study
until the observation of puberty. Sexual behavior for
each lamb was noticed as stated by El-Khalifa et al.
(2013) technique. In brief, male lambs were watched
within 25 minutes using estrus female, considering the
following conditions: mounting without an erection
(stage I), mounting with first protrusion of the penile
(stage II), and puberty as age at the first collection of
motile sperm (stage III). Moreover, testicular traits
(scrotal circumference, and testes volume) were
measured at each stage of puberty. An elastic tape was
used to measure the circumference of the scrotum at the
point of maximum circumference of the paired testes.
Previously described methods were used to assess
testes volume (El-Zelaky et al., 2011; Mansour, 2021).
Blood sampling

Throughout the study (from weeks 16 to 40), blood
samples were collected from the jugular vein in a
heparinized tube once a week. As soon as blood was
collected, plasma was removed from it by centrifuging
at 1,500% g for 15 minutes at 4°C, aliquoting, and storing
it at —20°C until it was needed for the examination.
Blood biochemical and enzymatic variables assay
Atweek 16 of the study and every 4 weeks thereafter until
the end of the study blood plasma was used to analyze
the biochemical traits (total protein, glucose, cholesterol,
and triglycerides), and enzymes activities [alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), Superoxide dismutase (SOD), Reduced
glutathione (GSH), total antioxidant capacity (“TAC”),
malondialdehyde (“MDA”)]. All the previous traits were
analyzed by using commercial kits (Diagnostic Product
Company, Los Angeles, CA), and a microplate reader
according to the manufacturer’s instructions.
Testosterone examination

Plasma testosterone concentrations were determined
by Radioimmunoassay (RIA) procedure using a
commercial kite (Diagnostic Product Company, Los
Angeles, CA). Assay sensitivity was 0.2 ng/ml with a
coefficient of variation of <10%.

Semen and seminal plasma collecting and evaluation
Lambs were ejaculated twice weekly for 2 weeks to
collect semen samples. Each lamb was sampled after
reaching stage III of puberty. Immediately after being

transported to the laboratory, the semen ejaculates were
immersed in a 37°C water bath to evaluate the quality of
the semen. Sperm cell counts, volume, initial motility,
live spermatozoa, and abnormal sperm percentage were
examined in semen samples.

Seminal plasma was collected by centrifugation at 1,500
x g for 15 minutes at 4°C and stored at —20°C until
analysis. Seminal plasma metabolites including total
protein, fructose, ALT, AST, TAC, MDA, GSH, and
SOD were measured using commercial kits (Diagnostic
Product Company, Los Angeles, CA), and a microplate
reader according to the manufacturer’s instructions.
Statistical analysis

Data were analyzed with two-way ANOVA, using the
general linear model procedure adapted of Stat View
5.0 (SAS Institute Inc., Cary, NC) and JMP 6 (SAS
Institute Inc., Cary, NC). All values are presented as
means £+ SEM and differences among means were
tested according to the Tukey test. The differences were
considered to be statistically significant at p < 0.05.

Results

Growth performance and feed efficiency

The final BW, BWG, average daily gain (ADG), and
relative growth were greater (p < 0.05) in SP2 lambs
compared with the control and SP1 lambs (Table 2).
While daily dry matter intake (DMI) was not affected
by SP treatment. In contrast, feed efficiency (G: F
ratio) had significantly improved in SP2 treatment as
compared to SP1 and control groups.

Puberty development

The progress in the reproductive performance of the
lambs prepubertal and up to puberty is illustrated in
Table 3. The SP2 lambs had reached stage I of puberty
(first mounting without an erection) at early ages (p <
0.05) compared to control lambs. Furthermore, the SP2
lambs have attained stage 11 of puberty (first mounting
with erection and ejaculation) at more early ages (p <
0.05) than control lambs. However, the lambs’ ages at
stage II of puberty (first mounting with an erection)
were not different. While, at stage II of puberty, the SP2
lambs had the tallest (p < 0.05) body length and rump
height compared to SP1 and control lambs, respectively.
In addition, the heart girth of SP2 lambs was bigger
than SP1 lambs at stage I of puberty (p < 0.05, Table
3). Moreover, the lambs on SP2 treatment gained more
weight (p < 0.05) than the control groups at stages II
and III of puberty. Likewise, the testes volume of the
SP2 groups was bigger (p < 0.05) than the control and
SP1 lambs through the prepubertal up to the puberty
stage (Table 3). At all stages of puberty, lambs’ scrotal
circumferences did not differ significantly.

Blood biochemical and enzymatic variables

The blood plasma levels of biochemical and enzymatic
variables measured in the study are shown in Table 4.
Within the treated lambs, no differences were
found in the total protein, glucose, and triglyceride
concentrations between the groups during the study.
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Table 2. BW, BWG, ADG, DMI, and feed efficiency (G:F ratio) of Barki lambs
supplemented with SP levels of 0 ml (control), 50 ml (SP1), and 100 ml (SP2).

Item Control SP1 SP2
Initial BW, kg 21.90 +£2.76 21.89+2.45 21.56 £2.70
Final BW, kg 38.92 +£3.14* 40.72 +£3.23* 4832 +3.67°
BWG, kg 17.02 +1.342 18.83 £1.22° 26.76 £ 1.92°
ADG, g/d 101.32 +10.27° 112.10 £ 15.35* 159.29 + 17.76°
Relative growth, % 55.97 £2.65° 60.15 +3.47° 76.60 £ 3.62°
DM, kg/d 1.55+0.18 1.60 £ 0.16 1.70 £0.22

G:F ratio, g BW:kg DM 65.40 £ 5.56° 70.10 = 7.32° 93.70 + 10.30°

Data are presented as mean =+ standard error of the mean. (*°) Means within the same row with
different superscripts are significantly different at p < 0.05.

Table 3. Puberty characteristics of Barki lambs supplemented with SP levels of 0 ml (control), 50 ml

(SP1), and 100 ml (SP2).

Item Control SP1 SP2
Stage I (first mounting without an erection)
Age (weeks) 28.24 + 5.63* 25.72 £ 4.52%® 24.82 £ 6.45°
Live body weight (kg) 30.87 +3.67 29.30+4.18 32.19+£3.78
Length (cm) 81.90+2.27 80.84 +2.80 87.95 +2.56
Rump height (cm) 60.87 +2.49 59.77 +£3.68 65.24 +£4.13
Heart girth (cm) 68.12 + 3.72%® 65.75 + 3.80° 72.68 +2.45°
Scrotal circumference (cm) 16.63 +4.17 16.42 +5.33 18.52 + 4.86
Testes volume (cm?) 14432 +£12.23*  140.78 £9.87*  158.59 + 11.34°
Testosterone concentration (ng/ml) 2.65+0.18 2.87+0.22 2.89+£0.25
Stage II (first mounting with an erection)
Age (weeks) 31.67+6.12 31.87 +5.87 30.32 + 6.34
Live body weight (kg) 31.72 +£4.23* 33.55 £ 3.87%® 37.78 £5.22°
Length (cm) 83.69 +£3.17° 84.63 +2.86* 90.91 +3.47°
Rump height (cm) 62.35 +3.39° 63.19 £ 3.65° 70.92 + 3.14°
Heart girth (cm) 71.63 £3.78 70.87 £3.97 75.82+£4.12
Scrotal circumference (cm) 20.43 £5.13 21.65+4.67 23.62+4.23
Testes volume (cm?) 202.95+12.56* 207.47 +14.23* 22842+ 11.45°
Testosterone concentration (ng/ml) 3.07+£0.22 3.39+£0.19 342+0.24
Stage I1I (first mounting with erection and ejaculation)
Age (weeks) 34.52 £ 7.32¢ 33.70 £ 4.12* 32.17 £5.69°
Live body weight (kg) 34.77 £ 4.742 35.07 £ 3.89% 39.94 +6.13°
Length (cm) 88.75+3.45 88.94 +3.34 92.68 +3.50
Rump height (cm) 67.26+4.12 67.96 +3.18 72.83 +£2.39
Heart girth (cm) 72.78 +3.56 71.92+3.23 77.13 £ 3.96
Scrotal circumference (cm) 22.64+6.34 23.09 +5.78 25.14+7.13
Testes volume (cm?) 285.96 + 14.23*  287.56 + 12.67*  323.82+9.89"
Testosterone levels (ng/ml) 3.52+0.23 3.72+£0.19 3.80+0.22

Data are presented as mean =+ standard error of the mean. () Means within the same row with different superscripts

are significantly different at p < 0.05.
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Meanwhile, the cholesterol concentration was lowest
(» <0.05) in the SP2 lambs compared with control and
SP1 lambs during the period from week 24 until week
32 of the experiment. Concerning the liver enzymes,
there was a decrease (p < 0.05) in the ALT levels of
the treated groups compared with the control lambs
starting from week 28 until the end of the trial (week
40). Likewise, from week 24 onwards, SP lambs also
had lower AST levels (p < 0.05) than their control
counterparts (Table 4). Regarding the antioxidant
status, the SOD concentrations were increased (p <
0.05) in the treated lambs with SP compared with the
control group starting from week 24 until the end of
the trial. Additionally, GSH levels increased (p < 0.05)
from week 28 onward when compared with the control
lamb. Also, SP2 lambs had higher TAC levels (p <
0.05) than control lambs during the period from weeks
28 to 40 of the study. Further, the MDA levels in the
SP-treated lambs decreased from week 28 onward,
compared with the control group (Table 4).
Testosterone concentrations

The plasma concentrations of testosterone during
the experimental period are presented in Figure 1.
An increase in linear terms was observed in plasma
testosterone levels toward advanced ages in all lambs
throughout the pre-pubertal up to the puberty stage.
However, testosterone levels were not affected by SP
treatment. Furthermore, at all puberty stages, there were
no differences in the plasma testosterone concentrations
between the lambs’ group (Table 3).

Semen properties

As stated in Table 5, seminal characteristics (volume, initial
motility, live spermatozoa, and sperm cell concentration)
at puberty were better (p < 0.05) in SP2 lambs than
in control lambs. However, there were no differences
between SP1 lambs and their control counterparts
regarding the previous seminal properties. In contrast,

-e- Control

-= SP1
-+ SP2

24

Testosterone (ng/ml)

o

324
33
34
35
36
374
38
40

16
17 1
18 1
19
20
214
224
234
24
25
26
27
28
29
30
314

Weeks

Fig. 1. Plasma testosterone (mean =+ standard) concentration
(ng/ml) of Barki lambs supplemented with SP levels of 0 ml
(control), 50 ml (SP1), and 100 ml (SP2).

the sperm cell concentration of SP lambs was higher (p <
0.05) compared with that of control lambs (Table 5).
Seminal plasma biochemical and enzymatic variables
As shown in Table 6, there was no difference in the total
protein concentrations in seminal plasma between the
lambs’ groups. In contrast, the fructose level was higher
(p < 0.05) in the seminal plasma of SP2 lambs than
those of SP1, and control lambs. Furthermore, SP lambs
had lower ALT, and AST concentrations in the seminal
plasma (p < 0.05) than their control counterparts (Table
6). Moreover, there was an increase (p < 0.05) in the
seminal plasma TAC, SOD, and GSH concentration in
the treated groups, in particular, SP2 lambs compared
with the control lambs. Besides, the seminal plasma
level of MDA was lowest (p < 0.05) in the SP2 lambs
compared with their counterparts (Table 6).

Discussion

It will be possible to significantly increase lamb
production income by selecting lambs that grow faster.
In this sense, studies have been conducted to examine
SP as a natural product supplement for boosting growth,
immunity, and productivity in lambs (Bezerra et al.,
2010; EL-Sabagh et al., 2014; Kashani et al., 2015;
Alghonaim et al., 2022). Similarly, the current study
showed that feed efficiency and growth performance
of Barki lambs were improved by SP addition (100
ml/head/day). SP supplementation also significantly
improved blood liver enzymes and antioxidant status in
the present study. The findings are similar to previous
reports that show supplementing growing lambs with
SP increases growth, BWG, DMI, and feed conversion
ratio (Holman et al., 2012; EL-Sabagh et al., 2014,
Alghonaim et al., 2022). Supplementing lambs with
SP may lead to superior growth performance because
of its high nutritional density and the stimulation of
extracellular enzyme secretion by the gut microbiota
(Lamminen et al., 2019). A further benefit of SP may be
that it contains highly concentrated levels of linoleic and
-linolenic acids, which are essential constituents in the
synthesis of animal metabolism (Liu et al., 2019). Other
factors contributing to the improved performance of
growing lambs could be amino acids, polysaccharides,
docosahexaenoic acid, and other growth-promoting
compounds in SP (Liu et al., 2019). Furthermore, the
current study found that SP addition (100 ml/head/
day) increased the final lamb’s BW, higher average
daily growth rate, and relative growth rate, possibly
related to the higher digestibility of DM. It agrees with
previous research by Alghonaim et al. (2022), which
reported that SP dietary supplementation of 8ppm
enhanced weight gain and nutrient digestibility of
growing Najdi lambs. Furthermore, previous research
on SP has shown that it can enhance rumen microbial
CP production by decreasing protein degradation and
changing bacterial community composition in steers
(Panjaitan et al., 2010). Moreover, Furbeyre et al.
(2017) reported higher jejunum villus heights because
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Table 5. Semen characteristics of Barki lambs supplemented with SP levels of 0 ml
(control), 50 ml (SP1), and 100 ml (SP2).

Item Control SP1 SP2

Ejaculate volume (ml) 0.67+£0.23*  0.72+0.27®*  0.79 £0.22°

Initial motility (%) 64.92+2.19* 68.45+2.17% 74.83+2.12
Live sperm (%) 76.56 £2.89° 81.34+3.10®® 85.38 +3.26"
Abnormal sperm (%) 15704273  1423+2.17 12.92+222
Sperm cell concentration (x 10%ml)  1.34+0.87*  1.40+£0.73*  1.52+0.49°

Data are presented as mean =+ standard error of the mean. (*°) Means within the same row with
different superscripts are significantly different at p < 0.05.

Table 6. Seminal plasma concentrations of biochemical and enzymatic
variables of Barki lambs supplemented with SP levels of 0 ml (control),

Open Veterinary Journal, (2023), Vol. 13(6): 772-781

50 ml (SP1), and 100 ml (SP2).

Variables Control SP1 SP2
Total protein (g/dl) 5.18 +£0.67 5.27+0.54 5.74+£0.48
Fructose (mg/dl) 40.34 +3.78*  45.67 +4.86* 57.39+ 536"
ALT (U/ml) 35.73£2.89*  20.35+2.13° 1893 +£2.67°
AST (U/ml) 46.29 +3.56* 25.84+3.59® 20.42 +4.23°
TAC (mol/l) 178.62 +5.56* 184.94+4.70® 196.39 +5.87°
MDA (nmol/ml) 1.42 £ 0.65* 1.30 £ 0.87* 1.17 £0.67°
GSH (U/ml) 17.34 £2.38 28.45+2.78®  36.89 +3.42°
SOD (U/ml) 89.36£5.78* 112.78 £6.79* 126.45+5.67°

Data are presented as the mean + standard error of the mean. (*°) Means within the
same row with different superscripts are significantly different at p < 0.05.

of higher DM digestibility for pigs that received SP.
Besides, the unchanged DMI alongside improvement
in ADG can partly explain the enhancement in feed
efficiency of lambs fed SP diets. The improvement
in growth performance is associated with an increase
in nutrient utilization of diet and an improvement in
the microbial nitrogen supply and the body nitrogen
retention (Abdel-Wahed ef al., 2022)

The results of the present study show that SP lambs
attained puberty earlier than control (without SP)
ones by about (2.52 and 3.42 weeks, for SP1 and
SP2, respectively). Early puberty occurrence in
SP lambs might be related to SP richness in major
substances, such as essential amino acids, fatty acids,
and carotenoids (Holman and Malau-Aduli, 2013;
Ranjith et al., 2013). It has been proven that puberty
achievement is linked to nutritional concentrations, in
particular the protein percentage, which has a significant
influence on the achievement of BW, sexual maturity,
and the onset of puberty in males (Foruie ef al., 2004).
Achieving adequate body mass is also necessary for
puberty to begin (Nieto et al., 2013). At puberty, SP2
lambs’ live BW was greater than those of control
lambs, according to the current study. It is therefore
reasonable to conclude that SP2 lambs’ body amounts

improved due to improved growth, feed efficiency, and
nutrient digestibility. In this study, the supplement of
different levels of SP did not affect the total protein,
glucose, and triglycerides concentrations. Besides,
both supplemented and control animals fell within the
normal range. The results are consistent with previous
reports on sheep (EL-Sabagh et al., 2014; Malau-Aduli
and Holman, 2015; Lamminen et al., 2019; Alghonaim
et al., 2022). Moreover, the present study showed
that SP addition (100 ml/head/day) decreased blood
cholesterol levels, which might be due to its antioxidant
characteristics (Liang et al., 2020). Besides, the present
improvement of blood liver enzymes, and antioxidant
status in SP lambs, suggested that SP addition could play
a vital role in the achievement of BW, sexual maturity,
and onset of puberty. Furthermore, SP supplementation
is not harmful to the health and production of lambs.

The present tendency of plasma testosterone
concentrations to rise throughout the pre-pubertal
up to puberty stage is harmonious with our previous
observation (Mansour, 2021), which indicated that
testosterone concentrations were little at the initial
stages of puberty and progressively increased with
advanced age. Furthermore, it had been demonstrated
that testis parameters increased with age until puberty
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(Mansour, 2021). Likewise, the SP2 lambs had the
biggest testes volume during the pre-pubertal up to
the puberty stage. Too, age, and BW had an important
impact on testicular length, and testicular diameter
(Karakus, 2010). However, there were no differences
in the plasma testosterone concentrations between the
lambs’ group in the current study. Whereas, SP has not
been studied enough to provide any evidence regarding
its effect on testosterone in growing lambs. In rabbit
bucks, blood plasma testosterone increased when
received daily drinking water supplemented with 150,
300 mg SP/l for one month before mating of semen
collection of artificial insemination (El-Ratel and Gabr,
2020). However, it is important to note that the exact
mechanism(s) that account for the potential effects of
SP on blood testosterone levels of growing lambs has
yet to be resolved.

In the present study, the SP2 lambs produced better
quality and quantity of semen than the control lambs.
Semen characteristics improved with improved
performance and increased testis growth, suggesting
that the number of spermatozoa per ejaculate has
a direct correlation with testis size and testis mass
(Bernardini et al., 2011). Furthermore, there is
evidence that this effect is associated with the size of
the testicle since the seminiferous epithelium and the
seminiferous tubules are expanding (El-Khalifa et al.,
2013). In addition, SP contains a high protein content
of about 60%—-70% by dry weight (Hosseini et al.,
2013). Likewise, protein supplementation increased
performance and enhanced testis growth as well as
increased the quality and quantity of semen (Fernandez
et al., 2004). Further, in the present study, SP addition
improved the antioxidant enzymes in the seminal
plasma, which may result in improved testicular
growth, increased sperm production, and decreased
abnormal spermatozoa. Besides, enhanced sperm
quality among the SP groups may be due to antioxidant
components of SP that activate the antioxidant defenses
in sperm cells, preventing cell damage. Likewise,
the same trends were also demonstrated in rabbits
(Fouda and Ismail, 2017, El-Ratel and Gabr, 2020).
Furthermore, it was found that buck rabbits who were
given drinking water containing SP had reduced AST
and ALT aminotransferase activities in the seminal
plasma (El-Ratel and Gabr, 2020), leading to higher
semen quality. Besides, the decrease in AST and ALT
activity was associated with a reduction in sperm
viability and cell concentration (Al-Daraji et al., 2001).
Furthermore, supplementation of semen extender with
SP had a beneficial effect on sperm motility, speed
parameters, and antioxidant activity of Arabian stallion
spermatozoa, particularly after cryopreservation in a
dose-dependent manner (Zeitoun et al., 2022). These
positive effects seemed to be due to the improvement
of the antioxidant activities and the diminishing rates
of lipid peroxidation of the cryopreserved spermatozoa

(Zeitoun et al., 2022). Moreover, in the present study,
SP supplementation increased the seminal plasma
fructose concentration, which is agreeable with El-
Ratel and Gabr (2020), suggesting that fructose levels
in seminal plasma could have a positive correlation
with most sperm characteristics. Besides, the beneficial
outcomes of SP can be attributed to its content of
significant mixtures such as protein and essential
amino acids (Farag et al., 2016), essential fatty acids,
alpha-linolenic acid, gamma-linolenic acid, and sub-
Oleic acid (Mendes et al., 2003), nutrient pigments
(Keservani et al., 2015), vitamins such as thiamine,
niacinamide, riboflavin, folic acid, pyridoxine, vitamins
A, D and E (Hosseini et al., 2013) and minerals such
as calcium, potassium, chromium, copper, manganese,
iron, phosphorus, magnesium, sodium, zinc, and
selenium (Babadzhanov et al., 2004).

Conclusion

SP addition (100 ml/head/day) enhanced the growth
performance and feed efficiency of growing Barki
lambs. Moreover, SP supplementation at 100 ml/head/
day improved puberty development by improving the
accomplishment of BW, blood antioxidant components,
sexual maturity, and the commencement of puberty. In
addition, supplementing lambs with SP at the previous
levels had improved the testicular characteristics,
seminal plasma antioxidant status, and increased semen
quality at puberty.
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