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Simple Summary: This study aimed to investigate the impact of Spirulina platensis (SP) supplemen-
tation on the reproductive characteristics of Sahrawi and Jabbali bucks. It involved a comparative
analysis of semen quality and the levels of the blood hormones luteinizing hormone (LH) and testos-
terone (Tes) between animals in both the Control group and the supplementary feeding groups.
The outcomes demonstrated that the addition of SP had a notable positive effect on reproductive
parameters, likely attributable to enhancements in several seminal traits for Sahrawi and Jabbali
goats. These findings hold significant promise for enhancing the reproductive efficiency of Omani
goats and offer valuable insights for livestock management practices.

Abstract: Spirulina platensis (SP) is a protein-rich dietary supplement that improves animal repro-
ductive traits. This study investigated the effect of SP supplementation on puberty onset, semen
characteristics, scrotal circumference (SC), libido, and hormone concentrations in Sahrawi and Jabbali
bucks. The study was conducted in 36 bucks, divided into three groups (1 = 6/group), for 70 days.
The rations included the following: (1) Control feed (Con) with 14% crude protein and 11.97% MJ/kg
DM energy; (2) Con with 2 g SP/head/day SP treatment (T1) and (3) Con with 4 g SP/head/day
treatment (T2). The mean (=SEM) SC of both SP groups in the Sahrawi breed was significantly higher
(p < 0.05) compared to the Con. The mean of the semen volume significantly increased (p < 0.05)
in the SP group than in the Con group in both breeds. SP groups vs. Con groups had increased
sperm concentration in Sahrawi bucks than Jabbali bucks. Mean serum luteinizing hormone (LH)
and testosterone (Tes) concentrations in Jabbali bucks were significantly higher (p < 0.05) in the SP
groups compared to Sahrawi bucks. SP improved the SC, semen quality, libido, sperm concentration,
and LH and Tes concentrations in both breeds. The results of the current study suggest that adding
SP to the diet may have the ability to improve the semen quality of the local Omani bucks.
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1. Introduction

Spirulina platensis (SP) has been reported to be an effective dietary supplement for
boosting animal reproduction [1,2]. It has a significant amount of protein, accounting for
60-70% of its dry matter, and it contains all essential amino acids, vitamins, and essential
minerals and fatty acids [3,4]. The inclusion of SP in the nutrition of various farm animals
such as pigs, goats, cattle, chickens, and even pets, as well as its application in aquaculture,
has led to enhanced production, improved health, increased fertility, and profitability [5].
Although there are no studies specifically investigating the effects of SP on the reproductive
performance of farm animals in Oman, it is worth noting that previous research by [6]
considered the importance of concentrate supplementation for improving the reproductive
performance of goats and sheep in Oman. Furthermore, [7] emphasized the importance of
nutritional supplementation in boosting farm animal reproductive performance. Moreover,
the impact of Spirulina on sheep and goats was investigated by [8] and found that Spirulina
has a significant potential for economic value and profitability as a lamb supplement.
Furthermore, SP is considered to minimize toxicity, improve palatability and digestibility,
and protect various organs from toxic chemicals [9]. There have been previous studies,
such as the one by [1], investigating the impact of supplementing SP on semen quality
and reproductive performance in pigs. Another study by [10], found positive effects of
SP supplementation on the concentration, motility, and post-storage viability of swine
sperm. Increasing the dietary intake of certain materials, such as SP, can improve the semen
quality and sperm motility of the rabbit buck [11,12]. Despite the available research on
the potential advantages of SP supplementation for various aspects of animal health and
reproduction, there remains a dearth of studies examining its effects on the reproductive
parameters of goat bucks.

The influence of SP supplementation on the reproductive parameters of Omani goats
has yet to be fully explored. However, given the positive outcomes previously reported with
SP supplementation, such as improved growth, immune function, and semen quality, we
hypothesized that SP supplementation in Omani goat bucks would enhance the attainment
of puberty and improve reproductive parameters. Thus, the current study aimed to
investigate the impact of SP supplementation on the onset of puberty, semen characteristics,
testicular measurements, libido, and blood hormone concentrations in Sahrawi and Jabbali
goat bucks.

2. Materials and Methods
2.1. Ethics Statement

The study was performed at the Livestock Research Center, Directorate General of
Agriculture and Livestock Research, Ministry of Agriculture, Fisheries and Water Resources,
Muscat, Sultanate of Oman. Ethics were approved by the University of Sydney Animal
Ethics Committee (AEC) 2019/1597 according to the New South Wales (NSW) Animal
Research Act 1985 and its associated regulations, the Australian Code for the Care and Use of
Animals for Scientific Purposes, 8th Edition 2013, and the Australian Code for the Responsible
Conduct of Research, 2007.

2.2. Animal Management and Experimental Design

Thirty-six local Omani goat bucks, age 11 months, with initial body weights (BWT) of
17.33 and 15.75 kg for both Jabbali and Sahrawi goat breeds, and the average body condition
score (3 = 0.12 out of 5) for two main local goat breeds, viz. Jabbali (n = 18) and Sahrawi
(n =18), were used in this study. Animals in each breed were divided randomly into three
groups—Control (Con), treatment 1 (T1), and treatment 2 (T2) (n = 6 per group). Animals
in each group were housed in individual pens with free access to water with standard diet
consisting of Rhodes grass as dry matter (ad libitum) and a concentrate feed mixture (crude
protein 14% and energy 11.97%). After two weeks of acclimatization, animals in the T1 and
T2 groups were fed with 2 and 4 g/head/day commercial SP pellets (DXN International
Australia Pty. Ltd., Parramatta, NSW, Australia) along with concentrate feed, while the
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Con group was fed only on a concentrate diet for a period of 70 days. Table 1 represents the
nutrient composition (g/100 g DM) and dry matter content (g/100 g fresh wt.) of SP and
the basal diet of Rhodes grass hay and concentrate. The BWT was measured weekly using
a steel load bar electronic weighing indicator (Iconix FX1, New Zealand) in all groups.

Table 1. Nutrient composition (g/100 g DM) and dry matter content (g/100 g fresh wt.) of SP and
basal diet of Rhodes grass hay and concentrate.

Nutrients (In Dry Matter) Concentrate (%) SP (%) Rhodes Grass Hay (%)

DM 90.0 95.1 89.70

cp 14.0 62.48 722

CF 9.8 29 343

EE 25 1.05 1.00

Ash 9.2 7.55 9.80

NFE 64.5 26.02 47.7

NDF 28.60 1.92 74.00

ADF 11.42 0.37 46.7

ME; MJ/kg DM 11.97 11.63 8.30

Dry matter, DM; crude protein, CP; crude fiber, CF; ether extract, EE; nitrogen-free extract, NFE; neutral detergent
fiber, NDF; acid detergent fiber, ADF; and metabolizable energy, ME. Using the analyses expressed as g/Kg DM
gives ME (R) direct as MJ/Kg DM. 1ME (R) = 0.012 CP + 0.031 EE + 0.005 CF + 0.014 NFE.

2.3. Testicular Measurements and Libido Testing

The scrotal circumference (SC) measurements were taken biweekly using a flexible
scrotal tape following the technique of Goyal and Memon [13]. The scrotal contents were
palpated for any abnormalities, and testicular tone was graded (1 = low, 2 = medium, and
3 = good; Ford, Okere [14]). Libido was assessed once daily with reaction time in seconds.
Reaction time was evaluated by recording the time between the initial contact with the
teaser buck and the first failed mounting attempt with the erected penis, according to Ford
and Okere [14].

2.4. Semen Collection

Semen was collected using an electro-ejaculator (EE) (Minitube €320, Tiefenbach,
Germany) twice a week (Monday and Thursday) from each buck during the experimental
period. Bucks were carefully held in a side-lying position on a flat surface in a controlled
environment, and their rectum was properly cleaned to eliminate any fecal residues. Then,
with the use of scissors, the area surrounding its prepuce was carefully trimmed, and
the end was sanitized with distilled water. The next step involves using a clean paper
towel to help dry the area completely. The collecting tube was positioned properly on the
male’s reproductive organ to obtain semen, and a rectal probe lubricated with lubricating
jelly was gently inserted into the rectum. Following that, an electro-stimulation method
was conducted, in which a maximum of 5 volts were administered 1-2 times, separated
by 4-6 s intervals between each application. This procedure was repeated until enough
sperm was collected into a 15 mL conical tube. The sperm samples were collected and
then stored in a controlled environment, specifically a 37 °C water bath, as they awaited
laboratory analysis. If the animal failed to ejaculate after two attempts, it was released
without semen collection.

2.5. Semen Evaluation

The volume and color of semen were recorded immediately after collection and
incubated in a warm water bath at 37 °C. The color of the ejaculates was observed to
range from 1 to 4 (1: creamy, 2: milky, 3: skim milk, and 4: watery). Semen pH was
determined using Whatman pH indicator test paper strips CF and litmus pH paper. To
determine the gross motility, a droplet of the fresh semen sample was deposited on a
slide that had been pre-warmed to 37 °C without the use of a cover slip. Following that,
the sample was examined under a phase-contrast microscope (Olympus CX21FS1, Tokyo,
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Japan, with a magnification of X 10) using a mass motility scoring system: 1 for (poor)
motility with no oscillatory activity, 2 for (fair) motility with slow oscillation, 3 for (good)
motility with moderate oscillation, and 4 for (very good) motility with rapid oscillatory
movement. Sperm concentration was measured using a spectrophotometer (Photometer
SDM 5, Minitube, Germany) and recorded as (x 100 sperm/mL).

2.6. Sperm Individual Motility

Sperm progressive motility was evaluated using the CASA (Computer Assisted Sperm
Analysis (Verona, WI, USA)) system (Sperm V®, software Minitube, Version 3.7.2 USA)
(Caprine default settings (Verona, WI, USA)). To prepare the sperm sample, 5 uL of fresh
sperm was mixed with a laboratory-prepared egg yolk extender using a Whatman filter
paper to filter the egg yolk extender with a dilution ratio of 1:30. The egg yolk extender
used has Cat No. 1001-150 (US). A drop of diluted semen was then placed in a 20 pm
standard count analysis chamber (Leja, Nieuw-Vennep, The Netherlands). At least four
different microscopic fields were examined, and a minimum of 200 spermatozoa were
selected at random for analysis.

2.7. Sperm Morphology and Sperm Viability

The sperm morphological abnormalities were estimated using eosin/nigrosine stain-
ing. Briefly, a drop of raw semen was placed near the frosted end of a clean glass slide
adjacent to a drop of eosin/nigrosin stain and mixed using a wooden applicator stick. The
mixture was smeared on the slide using another glass slide and allowed to dry. A droplet of
immersion oil was added to the prepared microscope slides, which were then precisely put
on the stage of a microscope (specifically, the Olympus Corporation BX 51FT from Tokyo,
Japan) set at 100 x magnification. This microscope was used for a thorough examination of
sperm morphology. A total of 200 cells per slide were counted for morphology assessment
by Malejane and Greyling [15].

To evaluate sperm viability, a small amount of diluted semen was mixed with 8 drops
of eosin/nigrosine stain at 30 °C for 5 min. Then, a thin, evenly distributed smear was
prepared and viewed under a light microscope using a 40x objective lens. Approximately
100 sperm cells were counted. The dead sperm cells were stained red with a purple
background, whereas live sperm cells with an intact plasma membrane that appeared
transparent, according to Matshaba [16].

2.8. Blood Collection and Analysis

Blood samples measuring precisely 3 mL were obtained from the subject’s jugular
vein at the start and end of the experiment. Serum testosterone (Tes) and luteinizing
hormone (LH) concentrations were determined using 5 mL BD sterile vacutainer tubes
(manufactured by BD-Plymouth PL6 7BP®, Plymouth, UK). After collection, the blood was
centrifuged at 3000 revolutions per minute for 10 min to isolate the serum. LH and Tes
concentrations were measured using a goat LH and Tes ELISA kit (CusabioTechnology LLC.
CSB-E13274G, Wuhan, China) following the manufacturer’s instructions. A microplate
spectrophotometer was used for analysis (Thermo Scientific Multiskan, Waltham, MA,
USA) according to the manufacturer’s directions.

2.9. Statistical Analysis

The collected data on pubertal traits, semen variables, serum hormone concentrations,
SC, and libido were subjected to statistical analysis using the general linear model (GLM)
of the SAS Model Procedure software (2002). To test for differences between treatments, a
repeated measures analysis of variance (ANOVA) was used. Means + SE were estimated,
and mean differences were tested with the Duncan test (significance level at p < 0.05). Data
collected on semen mass activity, color, testicular tone, and ease of collection of ejaculates
was analyzed using a linear regression model.
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3. Results

Adding SP to the buck’s diet did not affect the BWT (p > 0.05) for both breeds. How-
ever, the Sahrawi breed BWT was higher in T1 and T2 compared to the Con group. SP
supplementation had a significant effect on SC in both treatment groups for Sahrawi bucks
when compared with the Con (18.02 £ 0.32, 18.11 £ 0.25, and 17.41 =+ 0.32 cm, respectively)
(Table 2). However, there was no significant effect of SP supplementation on the mean
SC supplemented bucks or the Con of Jabbali bucks. Furthermore, SP supplementation
affected the reaction time in both Jabbali and Sahrawi bucks (p < 0.05) compared to the
Con group.

Table 2. Means and standard errors (£) for body weight (kg), scrotal circumference (cm), and reaction
time (second) of Jabbali and Sahrawi goat breeds.

Jabbali Sahrawi
Parameters
Con T1 T2 Con T1 T2
Body weight (54 weeks) 2455 4 0.82 24.85 4 0.58 2448 +1.33 19.65 £ 0.80 21.73 £ 0.84 22.36 +1.24

Scrotal circumference
Reaction time (libido)

19.58 £+ 0.28 19.22 + 0.30 19.72 £ 0.36 1741 +£ 032  18.02+0.322 181140252

68.75+21.542 21.16 +4.43P 12,00+ 191P 39.83+83228 1950+6.30P 1050+ 1.17P

Means with different superscript letters (*?) in the same row are significantly different at (p < 0.05).

The effect of SP supplementation on semen volume was higher (p < 0.0001) for T1 and
T2 compared with the Con group in both Jabbali and Sahrawi bucks (Table 3). No significant
(p > 0.05) difference was observed in semen pH between the treatment groups in Sahrawi
bucks. However, a significant difference was found when the Duncan test (p < 0.05) was
employed in T1 in Jabbali bucks (Table 3). The Sahrawi breed in T2 and T1 had an increased
(p < 0.05) sperm concentration (1320.17 4= 181.28 x 10° and 1490.74 + 169.59 x 10°/mL, re-
spectively) compared with the Con group (925.09 4+ 130.82 x 10°/mL). The total
sperm/ejaculate had increased in T2 in the Sahrawi breed (1320.17 4 181.28 x 10°)
compared with the Con and T1 groups (406.84 4 68.40 x 10° and 945.55 + 130.13 x 10°,
respectively).

Table 3. Means and standard errors (+) for semen parameters of Jabbali and Sahrawi goat breeds.

P ¢ Jabbali Sahrawi
arameters
Con T1 T2 Con T1 T2
Volume (mL) 0.37 +0.01° 0.59 +£0.022 052 +£0.032 041 +0.02¢ 0.64 +0.03° 0.79 +£0.042
PH 7.66 & 0.06 2 7.44 4 0.07 2P 7.63 +£0.07° 7.40 + 0.06 7.26 4 0.07 7.37 £+ 0.07
Mass activity (1-4) 2.52 +0.14 30 2.83 +£0.172 214 +£0.15P 2.88 £ 0.17 3.05 +0.14 3.14 £ 0.16
Concentration b b a
(10°sperm/mL) 455.06 + 118.43  704.41 + 144.48  522.03 £ 14650 925.09 4+ 130.82%  1313.11 + 147.912>  1490.74 4 169.59 @
Total SPFS;‘O/{J?"‘C“I"‘te 18206 +51.95 41647 £80.70 33040 +98.06 40684+ 6840°  94555-+130.13°  1320.17 4 181282
Sperm viability 29.26 + 3.92 38.02 + 5.07 25.03 =+ 4.33 53.51 + 4.61 56.08 & 4.17 59.62 + 4.50
(live vs. dead %)
Abnormal 30.91+£1.902 2337 +1.94" 19.57 +£1.83° 25.13 4+ 1.682 15.61 +£1.22° 13.48 +1.14°

spermatozoa (%)

Means in the same row with different superscript letters @) differ significantly from each other at p < 0.05.

Sperm viability was not affected by SP supplementation (p > 0.05); however, SP
supplementation lowered (p < 0.001) sperm morphological abnormalities for T1 and T2 in
both breeds compared with the Con group (Table 3).

Table 4 shows the results for the effect of SP on the motility of spermatozoa. The
results indicated that SP supplementation enhanced (p < 0.05) the percentage of progressive
motility for the treated groups compared with the Con group in the Jabbali breed. The
total motility and path velocity were not significant for all groups in both goat breeds. SP
supplementation had a significant effect on progressive velocity for both the T1 and T2
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groups when compared with the Con group in both breeds (Table 4). The track speed was
affected (p < 0.05) in the Sahrawi breed; however, there was no significant effect in the
Jabbali breed.

Table 4. Means and standard errors (+) for sperm kinematic parameters assessed using CASA for

Jabbali and Sahrawi goat breeds.

Parameters

Jabbali Sahrawi

Con T1 T2 Con T1 T2

Progressive
motility (%)
Total motility
Path velocity
Progressive velocity
Track speed

31.77 £2.712P 3768 +3.042 29.15+251b 38.97 £1.71 34.22 +£1.99 35.01 £1.91

58.70 £3.15 67.65 £ 3.55 64.31 £ 4.02 77.53 £ 2.02 72.70 £3.28 76.15 £ 3.50
56.71 £+ 3.28 51.73 £5.13 51.25 +3.48 48.53 +£1.97 56.43 +2.73 52.70 £ 3.23
48.76 +3.33 P 4317 +4.63% 5397 £321% 113.04+6.07° 13625+7.292 128.76 +9.01 2P
90.35 £5.25 82.93 £ 8.63 76.61 + 547 80.78 +3.96 © 96.34 +4.77%  90.73 £ 6.04 2P

Means in the same row with different superscript letters @) differ significantly from each other at p < 0.05.

Figure 1 illustrates the different colors of the ejaculates, which are classified as creamy,
milky, skim milk, and watery. Although there was no significant effect of SP supplemen-
tation on the semen color/opacity in Jabbali and Sahrawi bucks, the semen appearance
improved to a creamy color (Figure 1).

100%
90%
80%
70%
60% watery

50% skim milk

milky

W Creamy

Il-l-

timel time2 time3 timed time5 timeb

Figure 1. Time effect on color score for Jabbali and Sahrawi breeds.

Figure 2 illustrates that the SP supplementation had no significant effect on Tes con-
centration for day 0 and day 70 in all treatment groups for both breeds. However, it was
significant only in T1 for the Jabbali breed, being 1.98 & 0.28 ng/mL. LH concentration
was affected by adding SP for T2 in Jabbali compared with the Con group (1.48 = 0.11 vs.
0.85 &+ 0.12 ng/mL), respectively, as shown in Figure 3.
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Figure 2. Least square means and standard errors (+) for Tes concentrations in Jabbali and Sahrawi
bucks over a period of 70 days. ** represents p < 0.01.
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Figure 3. Least square means and standard errors (+) for LH concentrations in Jabbali and Sahrawi
bucks over a period of 70 days. * represents p < 0.05 and ** represents p < 0.01.

4. Discussion

Supplementation of SP significantly improved ejaculate volume, individual sperm
motility (PSM), viable sperm, sperm output, sperm cell concentration, increased serum Tes
concentrations, and significantly decreased sperm morphological abnormalities in treated
bucks compared to Con bucks. Moreover, adding SP to the diet reduced the reaction time
(libido) for the Sahrawi- and Jabbali-treated groups. Semen volume increased with SP
supplementation in both Sahrawi and Jabbali bucks. Other studies have confirmed that
supplementing boars with SP increases semen volume and improves sperm quality [1,17].

Improvements in semen quality resulting from SP supplementation may be attributed
to the elevated production of non-enzymatic antioxidants, such as carotenoids, tocopherols,
ascorbic acid, and chlorophyll derivatives, as well as enzymatic antioxidants including
superoxide dimutase (SOD) and catalase [18,19]. Supplementation of SP increased sperm
motility in the Jabbali breed. Other authors have found similar results in rats [20,21] and
bulls [22].

The results of the present study showed a positive effect of SP supplementation on SC
and libido. These advantages might be attributed to the presence of beneficial compounds
in SP such as phycocyanin, phycocyanobilin, and B-carotene. These molecules exhibit
antioxidant, immunomodulatory, and anti-inflammatory effects [23]. The observed increase
in SC indicates that SP may have a positive impact as an antioxidant, contributing to the
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stability of cell membranes, cellular growth, and sperm morphology, as stated by [24].
According to Nasirian and Dadkhah [25], the zinc content of SP serves as a cofactor for
SOD, an enzyme that functions as an antioxidant in testicular tissue. SOD is responsible
for breaking down superoxide radicals, which can cause oxidative stress and damage to
cells. By neutralizing these harmful free radicals, SOD helps protect cells and tissues from
oxidative damage, which is associated with various diseases and conditions. Furthermore,
SOD plays a role in regulating inflammation, immune function, and other physiological
processes. Therefore, the presence of zinc in Spirulina may support the antioxidant activity
of SOD, which could potentially benefit testicular health and function. This suggests that
SP supplementation can increase the number of spermatozoa based on its protein content
and antioxidant activity [26]. Moreover, sperm motility, concentration, and viability after
storage were positively improved when bulls were supplemented with SP [27].

The possible reason for libido enhancement in the supplemented groups may be
attributed to the elevated levels of Zn and Cu present in SP, which are also detected in
Azolla, as reported by Chetna and Ravindra [28] as well as Gupta and Chandra [29].
Another study conducted by [30] investigated the effect of zinc in bulls and concluded that
zinc deficiency led to poor semen quality and reduced testicular size and libido.

In the present study, the administration of SP increased semen volume, which is in
agreement with a previous study conducted in rabbits where the highest semen volume
was achieved when bucks were supplemented with SP [12]. This increase was likely due to
the positive impact of the supplement on the development of primary and secondary sex
organs, as well as on prostate functions. The supplement may have improved the function
of these reproductive organs, resulting in a greater volume of semen production [31]. The
effects of dietary selenium, zinc, and their combination on semen qualities were examined
in a study conducted by [32]. The study found that a zinc-only treatment could improve
semen qualities in Sanjabi rams treated during breeding season. Moreover, [33] concluded
that combination supplementation of selenium and zinc resulted in improved semen quality
in Samosir goats. This result is in line with the results of [34], who concluded that selenium
supplementation improved the semen quality of Saanen kids.

Furthermore, in a study conducted by [35], which focused on Barbari bucks, it was
found that incorporating zinc and selenium supplements into their feed resulted in an
enhancement of semen quality. This improvement was characterized by an increase in
semen volume, progressive motility, sperm count, the percentage of live spermatozoa,
acrosomal integrity, and a reduction in abnormal spermatozoa.

In the current study, the inclusion of SP in the diet of bucks resulted in a positive
impact on sperm quality. This includes an increase in progressive motility as well as sperm
concentration. These improvements could be attributed to the antioxidant properties of
SP, which contains beneficial nutrients such as vitamin E, vitamin C, and Se [36]. These
components play a role in enhancing testicular function and sperm quality [36-38].

The current results in this study showed that SP supplementation reduced the sperm
morphological abnormalities in the treated animal groups for both studied breeds. This
finding is in agreement with the results stated by Zeitoun and Ateah [39]. Moreover, [34],
explained that the occurrence of sperm abnormalities is a result of immature sperm being
released due to damage during spermatogenesis.

The current study revealed that SP supplementation significantly increased serum
Tes levels in Jabbali bucks compared to the Con group. This result is consistent with the
findings of [34], who found that Se supplementation increased blood Tes levels in male goat
kids. The results also showed that SP supplementation increased LH levels in the Jabbali
breed group. This finding is consistent with a previous study by [34,40], which found that
selenium supplementation in rams significantly increased the levels of LH and testosterone
in the blood, leading to the onset of puberty.
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5. Conclusions

The addition of SP to the diet led to an increase in semen quality parameters in the
Sahrawi and Jabbali breeds. The findings of this study provide preliminary evidence of the
advantages of integrating SP supplementation into the diets of Omani goat breeds. To fully
investigate these benefits, future large-scale studies are warranted. Improvements in the
semen quality as a result of SP supplementation could be beneficial when using artificial
insemination technology in goats, which may result in a higher conception rate, thereby
improving breeding efficiency.

Author Contributions: Methodology, Y.A.-S.; Software, Y.A.-S.; Investigation, S.A.-B.; Writing—
original draft, FA.-Y.; Writing—review and editing, C.S., LS. and R.B.; Supervision, R.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The animal study protocol was approved by the Institu-
tional Review Board (or Ethics Committee) of Sydney University (project number: 2019/1597, ap-
proved 19 August 2019) according to the New South Wales (NSW) Animal Research for studies
involving animals.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support this study will be shared upon reasonable request
to the corresponding author.

Acknowledgments: We express our deep gratitude to the Livestock Research Centre (LRC) and
the University of Sydney for their invaluable support and funding of this research. Without their
contributions, this important study would not have been possible. We would also like to extend
our sincerest thanks to Eng. Rashid AL Habsi from the Livestock Research Centre, Ministry of
Agriculture, Fisheries and Water Resources, for his unwavering support and assistance throughout
the goat feeding trial. We also extend our thanks to the research, technical, and labor staff members
who are working at the LRC for their help and support during my research trial.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Kistanova, E.; Marchev, Y.; Nedeva, R.; Kacheva, D.; Shumkov, K.; Georgiev, B.; Shimkus, A. Effect of the Spirulina platensis
included in the main diet on the boar sperm quality. Biotechnol. Anim. Husb. 2009, 25, 547-557. [CrossRef]

2. Iatrou, A.M.; Papadopoulos, G.A.; Giannenas, I.; Lymberopoulos, A.; Fortomaris, P. Effects of Dietary Inclusion of Spirulina
platensis on the Reproductive Performance of Female Mink. Vet. Sci. 2022, 9, 428. [CrossRef]

3. Farag, M.R.; Alagawany, M.; El-Hack, M.; Dhama, K. Nutritional and healthical aspects of Spirulina (Arthrospira) for poultry,
animals and human. Int. . Pharmacol. 2016, 12, 36-51. [CrossRef]

4. Gargouri, M.; Soussi, A.; Akrouti, A.; Magné, C.; El Feki, A. Potential protective effects of the edible alga Arthrospira platensis
against lead-induced oxidative stress, anemia, kidney injury, and histopathological changes in adult rats. Appl. Physiol. Nutr.
Metab. 2019, 44, 271-281. [CrossRef]

5. Madeira, M.S.; Cardoso, C.; Lopes, P.A.; Coelho, D.; Afonso, C.; Bandarra, N.M.; Prates, ].A. Microalgae as feed ingredients for
livestock production and meat quality: A review. Livest. Sci. 2017, 205, 111-121. [CrossRef]

6.  Al-Nakib, F; Al-Shukaily, E.; Al-Hanai, S.; Al-Nabhani, S. Comparative performance of Omani goats and sheep. J. Agric. Sci.
1996, 127, 117-121. [CrossRef]

7. Lozano, ].; Lonergan, P.; Boland, M.; O Callaghan, D. Influence of nutrition on the effectiveness of superovulation programmes in
ewes: Effect on oocyte quality and post-fertilization development. Reprod. Camb. 2003, 125, 543-553. [CrossRef]

8.  Holman, B.; Kashani, A.; Malau-Aduli, A. Effects of Spirulina (Arthrospira platensis) supplementation level and basal diet on
liveweight, body conformation and growth traits in genetically divergent Australian dual-purpose lambs during simulated
drought and typical pasture grazing. Small Rumin. Res. 2014, 120, 6-14. [CrossRef]

9. Abdel-Daim, M.M.; Abuzead, S.M.; Halawa, S.M. Protective role of Spirulina platensis against acute deltamethrin-induced
toxicity in rats. PLoS ONE 2013, 8, €72991. [CrossRef]

10. Granaci, V. Achievements in the artificial insemination of swine. Anim. Sci. Biotechnol. 2007, 64, 382-386.

11.  El-Ratel, LT. Potential impact of Spirulina Alga as an antioxidant on improving semen production and oxidative stress in blood
and seminal plasma of rabbit bucks. Egypt. Poult. Sci. J. 2020, 40, 209-224. [CrossRef]

12.  Fouda, S.F; Ismail, R.F. Effect of Spirulina platensis on reproductive performance of rabbit bucks. Egypt. J. Nutr. Feed. 2017, 20,

55-66. [CrossRef]


https://doi.org/10.2298/BAH0906547K
https://doi.org/10.3390/vetsci9080428
https://doi.org/10.3923/ijp.2016.36.51
https://doi.org/10.1139/apnm-2018-0428
https://doi.org/10.1016/j.livsci.2017.09.020
https://doi.org/10.1017/S0021859600077431
https://doi.org/10.1530/rep.0.1250543
https://doi.org/10.1016/j.smallrumres.2014.04.014
https://doi.org/10.1371/journal.pone.0072991
https://doi.org/10.21608/epsj.2020.81017
https://doi.org/10.21608/ejnf.2017.75118

Animals 2023, 13, 3405 10 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

Goyal, H.O.; Memon, M.A. Current Therapy in Large Animal Theriogenology, 2nd ed.; CHAPTER 64—Clinical Reproductive
Anatomy and Physiology of the Buck; Saunders: St. Louis, MO, USA, 2007; pp. 511-514. [CrossRef]

Ford, D.; Okere, C.; Bolden-Tiller, O. Libido test scores, body conformation and testicular traits in boer and Kiko goat bucks. J.
Agric. Biol. Sci. 2009, 4, 54-61.

Malejane, C.M.; Greyling, J.P.C.; Raito, M.B. Seasonal variation in semen quality of Dorper rams using different collection
techniques. S. Afr. J. Anim. Sci. 2014, 44, 26-32. [CrossRef]

Matshaba, B. Characterization and Cryopreservation of South African Unimproved Indigenous Goat Semen. Ph.D. Thesis,
University of the Free State, Bloemfontein, South Africa, 2010.

Nedeva, R.; Jordanova, G.; Kistanova, E.; Shumkov, K.; Georgiev, B.; Abadgieva, D.; Kacheva, D.; Shimkus, A.; Shimkine, A.
Effect of the addition of Spirulina platensis on the productivity and some blood parameters on growing pigs. Bulg. J. Agric. Sci.
2014, 20, 680-684.

El-Baky, A.; Hanaa, H.; El Baz, E; El-Baroty, G.S. Enhancement of antioxidant production in Spirulina platensis under oxidative
stress. Acta Physiol. Plant. 2009, 31, 623-631. [CrossRef]

El-Baky, A.; Hanaa, H. Over Production of Phycocyanin Pigment in Blue Green Alga Spirulina sp. and It’s Inhibitory Effect on. J.
Med. Sci. 2003, 3, 314-324. [CrossRef]

Bashandy, S.A.; El Awdan, S.A.; Ebaid, H.; Alhazza, M. Antioxidant potential of Spirulina platensis mitigates oxidative stress
and reprotoxicity induced by sodium arsenite in male rats. Oxid. Med. Cell Longev. 2016, 2016, 7174351. [CrossRef]

El-Desoky, G.E.; Bashandy, S.A.; Alhazza, ILM.; Al-Othman, Z.A.; Aboul-Soud, M.A.; Yusuf, K. Improvement of mercuric
chloride-induced testis injuries and sperm quality deteriorations by Spirulina platensis in rats. PLoS ONE 2013, 8, e59177.
[CrossRef]

Mizera, A.; Kuczaj, M.; Szul, A. Impact of the Spirulina maxima extract addition to semen extender on bovine sperm quality. Ital.
J. Anim. Sci. 2019, 18, 601-607. [CrossRef]

Shalaby, E.A.; Shanab, S.M. Comparison of DPPH and ABTS assays for determining antioxidant potential of water and methanol
extracts of Spirulina platensis. Ind. J. Geo-Marine Sci. 2013, 42, 556-564.

Schafer, F.Q.; Wang, H.P.; Kelley, E.E.; Cueno, K.L.; Buettner, SM.A.R. Comparing 3-carotene, vitamin E and nitric oxide as
membrane antioxidants. Biol. Chem. 2002, 383, 671-681. [CrossRef] [PubMed]

Nasirian, F.; Dadkhah, M.; Moradi-Kor, N.; Obeidavi, Z. Effects of Spirulina platensis microalgae on antioxidant and anti-
inflammatory factors in diabetic rats. Diabetes Metab. Syndr. Obes. Targets Ther. 2018, 11, 375-380. [CrossRef] [PubMed]

Nah, WH.; Koh, LK.; Ahn, H.S.; Kim, M.].; Kang, H.-G.; Jun, ].H.; Gye, M.C. Effect of Spirulina maxima on spermatogenesis and
steroidogenesis in streptozotocin-induced type I diabetic male rats. Food Chem. 2012, 134, 173-179. [CrossRef]

Granaci, V. Contributions on the stady of the cryoresistance increase of the bull semen material. Anim. Sci. Biotechnol. 2007, 64,
387-391.

Chetna, G.; Ravindra, K.; Kharche, S.; Jindal, S.; Chaudhary, U.; Mishra, A. Effect of azolla supplementation in feed on semen
freezability in bucks. Indian J. Anim. Sci. 2019, 89, 398—401.

Gupta, S.K.; Chandra, R.; Shinde, K.P,; Bhakat, M.; Lone, S.A.; Kumar, N.; Dey, D. Effect of azolla (Azolla pinnata) supplementation
on puberty, semen characteristics and sexual behaviour in Alpine x Beetal crossbred bucks. Indian J. Anim. Sci. 2022, 92, 881-886.
Daniel, R. Motility of the rumen and abomasum during hypocalcaemia. Can. |. Comp. Med. 1983, 47, 276.

Cheah, Y.; Yang, W. Functions of essential nutrition for high quality spermatogenesis. Adv. Biosci. Biotechnol. 2011, 2, 182-197.
[CrossRef]

Ghorbani, A.; Moeini, M.M.; Souri, M.; Hajarian, H. Influences of dietary selenium, zinc and their combination on semen
characteristics and testosterone concentration in mature rams during breeding season. | Appl Anim Res 2018, 46, 813-819.
[CrossRef]

Siswoyo, P,; Tafsin, M.; Handarini, R. Potential reproduction and response of selenium and zinc mineral supplementation on
quality of goat samosir semen. In Proceedings of the IOP Conference Series: Earth and Environmental Science, Medan, Indonesia,
7-8 November 2017; IOP Publishing: Bristol, UK, 2018; p. 012126. [CrossRef]

Mojapelo, M.; Lehloenya, K. Effect of selenium supplementation on attainment of puberty in Saanen male goat kids. Theriogenology
2019, 138, 9-15. [CrossRef] [PubMed]

Yadav, J.; Kumar, R.; Sharma, N. Effect of spirulina (Arthrospira platensis) supplementation on growth, haematology and serum
metabolites in Barbari kids. Indian J. Small Rumin. 2018, 24, 40-45. [CrossRef]

El-Ratel, I. Reproductive performance, oxidative status and blood metabolites of doe rabbits administrated with spirulina alga.
Egypt. Poult. Sci. ]. 2017, 37, 1153-1172.

Rezvanfar, M.; Sadrkhanlou, R.; Ahmadi, A.; Shojaei-Sadee, H.; Rezvanfar, M.; Mohammadirad, A.; Salehnia, A.; Abdollahi, M.
Protection of cyclophosphamide-induced toxicity in reproductive tract histology, sperm characteristics, and DNA damage by an
herbal source; evidence for role of free-radical toxic stress. Hum. Exp. Toxicol. 2008, 27, 901-910. [CrossRef] [PubMed]

Yousef, M.; Abdallah, G.; Kamel, K. Effect of ascorbic acid and vitamin E supplementation on semen quality and biochemical
parameters of male rabbits. Anim. Reprod. Sci. 2003, 76, 99-111. [CrossRef]


https://doi.org/10.1016/B978-072169323-1.50067-2
https://doi.org/10.4314/sajas.v44i1.4
https://doi.org/10.1007/s11738-009-0273-8
https://doi.org/10.3923/jms.2003.314.324
https://doi.org/10.1155/2016/7174351
https://doi.org/10.1371/journal.pone.0059177
https://doi.org/10.1080/1828051X.2018.1548914
https://doi.org/10.1515/BC.2002.069
https://www.ncbi.nlm.nih.gov/pubmed/12033456
https://doi.org/10.2147/DMSO.S172104
https://www.ncbi.nlm.nih.gov/pubmed/30104892
https://doi.org/10.1016/j.foodchem.2012.02.085
https://doi.org/10.4236/abb.2011.24029
https://doi.org/10.1080/09712119.2017.1406858
https://doi.org/10.1088/1755-1315/122/1/012126
https://doi.org/10.1016/j.theriogenology.2019.06.044
https://www.ncbi.nlm.nih.gov/pubmed/31279051
https://doi.org/10.5958/0973-9718.2018.00004.1
https://doi.org/10.1177/0960327108102046
https://www.ncbi.nlm.nih.gov/pubmed/19273545
https://doi.org/10.1016/S0378-4320(02)00226-9

Animals 2023, 13, 3405 11 of 11

39. Zeitoun, M.M.; Ateah, M.A.; Almaiman, A.T.; Mansour, M.M. Spirulina Supplementation to the Semen Extender Influences
the Quality and Antioxidant Parameters of Chilled or Cryopreserved Arabian Stallion Spermatozoa. J. Equine Vet. Sci. 2022,
118, 104108. [CrossRef]

40. Mahmoud, G.B.; Abdel-Raheem, S.M.; Hussein, H.A. Effect of combination of vitamin E and selenium injections on reproductive
performance and blood parameters of Ossimi rams. Small Rumin. Res. 2013, 113, 103-108. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jevs.2022.104108
https://doi.org/10.1016/j.smallrumres.2012.12.006

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Animal Management and Experimental Design 
	Testicular Measurements and Libido Testing 
	Semen Collection 
	Semen Evaluation 
	Sperm Individual Motility 
	Sperm Morphology and Sperm Viability 
	Blood Collection and Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

