



Dose-Dependent Effects of Ethanolic Garlic (Allium sativum) extract on Sperm Motility and Morphology in Nigerian Indigenous Cocks




Abstract
This study investigated the effects of ethanolic garlic extract supplementation on reproductive performance in Nigerian indigenous cocks. Twenty-four healthy cocks aged 21-32 weeks were randomly assigned to three groups: control (distilled water), low-dose (250 mg/kg body weight), and high-dose (500 mg/kg body weight) garlic extract administered daily for eight weeks. Semen quality parameters and serum reproductive hormones were evaluated at baseline, week 4, and week 8. Results demonstrated significant improvements in sperm motility and morphology with garlic supplementation. Total motility increased by 10-13% and progressive motility improved by 14-20% from baseline in treated groups, with the high-dose group achieving 55.1% progressive motility by week 8. Morphological defects decreased significantly from 14.5% in controls to 10.5% in the high-dose group, representing a 27.6% reduction. Testosterone levels showed remarkable elevation, increasing by 46% from baseline and 38% compared to controls in the high-dose group. However, ejaculate volume, sperm concentration, viability, and gonadotropin levels (LH and FSH) remained unchanged across all groups. These findings suggest that garlic extract enhances reproductive performance primarily through androgenic stimulation and antioxidant mechanisms acting directly at the testicular level rather than through pituitary modulation. The 500 mg/kg dose proved most effective, offering a cost-effective natural alternative to synthetic fertility enhancers in commercial poultry breeding programs. Further research involving longer supplementation periods and direct fertility trials is recommended to fully establish the practical applications of garlic extract in poultry reproduction.
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1. INTRODUCTION
Semen parameters such as ejaculate volume, sperm concentration, motility, viability, and morphology of sperm cells play a crucial role in male fertility (Sun et al., 2021). Reproductive hormones such as testosterone, luteinizing hormone (LH), and follicle-stimulating hormone (FSH) are essential for maintaining male reproductive health. LH and FSH work together to regulate testicular function through the hypothalamic-pituitary-gonadal (HPG) axis (Olawuwo, 2020). FSH supports Sertoli cells in the testes to produce sperm, while LH stimulates Leydig cells to produce testosterone, which boosts libido and supports sperm production.
Oxidative stress is a significant concern in male reproduction, as it can harm reproductive tissues, disrupt hormone production, and lower sperm quality (Moazamian et al., 2022). Factors like environmental stress, nutritional deficiencies, and oxidative damage can lead to poor sperm quality, eventually affecting breeding success in poultry (Dhama et al., 2014). This decline in semen quality can result in lower hatchability rates (Sabzian-Melei et al., 2022).
While synthetic drugs are often used to enhance semen quality, they can be costly and may carry long-term risks. This highlights the need for natural, safe, and affordable supplements that can improve hormonal balance and semen quality. Various nutritional and phytogenic supplements have been utilized in poultry due to their natural antioxidant and antimicrobial properties (Mandey & Sompie,2021). One such natural product is garlic (Allium sativum), which is rich in bioactive compounds like allicin, sulfur-containing compounds, flavonoids, and saponins (Abidi et al.,2022)   These phytochemicals are known for their antioxidant, immunomodulatory, and circulatory-enhancing effects (Benedict et al., 2023). Garlic is not only readily available and inexpensive but is also widely regarded as a safe feed additive (De Luca et al., 2021).
In poultry, adding garlic to their diet has been a popular way to combat oxidative stress, boost circulation, and enhance endocrine functions, which ultimately leads to better semen quality (Abdelwahab and Abdel-aziz, 2019). Even though garlic is widely used in both human and animal diets, there’s limited information on how it affects hormonal balance and semen quality in poultry, with existing reports often being inconsistent (Okoro et al. 2016). We still don’t fully grasp the ideal dosage or the specific ways garlic impacts hormonal profiles and semen parameters in cocks, which makes it challenging to apply this knowledge effectively in poultry breeding programs.
The primary goal of this study was to explore how different doses of ethanolic garlic extract affect the reproductive performance of Nigerian indigenous cocks. This was done by looking at both the levels of reproductive hormones in their serum and the quality of their semen. The researchers believe that giving these cocks oral supplements of ethanolic garlic extract at doses of 250 mg/kg and 500 mg/kg body weight will either have no significant impact or will significantly influence semen quality parameters—like volume, motility, concentration, viability, and morphology—as well as the serum levels of reproductive hormones such as testosterone, LH, and FSH.
Specifically, the study assessed how these two doses of garlic extract affect semen quality over an 8-week supplementation period. It also evaluated how the garlic extract impacts the serum concentrations of reproductive hormones in cocks. By establishing a dose-response relationship between garlic supplementation and improvements in reproductive parameters, the study aims to provide solid recommendations for using garlic extract as a natural alternative to synthetic fertility enhancers in commercial poultry breeding. By understanding these dual effects, the research hopes to enhance poultry breeding programs, lessen the dependence on synthetic enhancers, and offer practical solutions for poultry farmers looking for cost-effective, natural ways to boost reproductive performance in their flocks.


2. MATERIALS AND METHODS
2.1 Study Area
The study took place at the Poultry Research Unit of Modibbo Adama University Yola, Adamawa State, Nigeria. The geographical and climatic characteristics of the study location have been previously documented (Adebayo and Tukur, 1999). Yola is situated between latitudes 9°11'N and 9°20'N, and longitudes 12°23' to 12°33'E, encompassing approximately 305 square kilometers. The region experiences a tropical climate with mean annual rainfall of 919 mm and monthly temperature variations ranging from 19°C to 37.9°C (Nigerian Meteorological Agency, 2018).
2.2 Experimental Animals and Management
Twenty-four apparently healthy local Nigerian indigenous cocks aged between 21-32 weeks and weighing between 1.5-2.5 kg were selected for this study. All the birds were sourced from Girei Market in Adamawa State, Nigeria. They were housed in standard battery cages and given two weeks to acclimatize before the experiment began. During this time, they were fed a commercial breeder mash, and water was made available ad libitum throughout the experimental period.
2.3 Experimental Design and Treatments
The study utilized a completely randomized design with three treatment groups, each consisting of eight cocks. The control group received 0.5 mL of distilled water daily via oral gavage. The low-dose garlic group was given 250 mg/kg body weight of garlic extract daily, while the high-dose garlic group received 500 mg/kg body weight. The doses of 250 mg/kg and 500 mg/kg were selected based on previous study demonstrating reproductive benefits in wistar rats (Abouzed et al.,2021). Treatments were administered once a day for eight consecutive weeks, with doses adjusted weekly according to each bird's individual body weight.
2.4 Preparation and Administration of Garlic Extract
Garlic extract was prepared using the ethanolic extraction method. Fresh garlic bulbs (3 kg) were purchased from Yola modern market, peeled, sliced, and air-dried for 48 hours. The dried garlic was macerated in 70% ethanol at a ratio of 1:10 (w/v) for 72 hours at room temperature with occasional stirring. The mixture was kept in darkness throughout the maceration period to preserve bioactive compounds. The mixture was then filtered through Whatman No. 1 filter paper, and the solvent was evaporated under reduced pressure using a rotary evaporator to obtain the crude extract. The extraction process yielded approximately 285 grams of crude ethanolic extract from 3 kg of fresh garlic bulbs (9.5% yield). The extract was stored at 4°C in airtight amber containers until use. On each day of treatment, the extract was reconstituted in distilled water to the appropriate concentration before administration by oral gavage.
2.5 Semen Collection
Semen was collected from each cock at week 0 (baseline), week 4, and week 8. All collections were performed in the morning (between 8:00-10:00 AM) to minimize diurnal variation. Prior to the baseline collection, cocks underwent two practice collection sessions to acclimatize them to the procedure and ensure consistent collection technique. The abdominal massage method, as described by Burrows and Quinn (1937), was employed. Care was taken to avoid any contamination of semen with cloacal products. The abdominal massage technique involved massaging the cloacal region to achieve phallic tumescence, followed by a cloacal stroke and a squeeze of the region surrounding the sides of the cloaca to express the semen. The semen was then milked down by firm finger pressure on either side of the vent into labeled sterile collecting tubes.
2.6 Semen Evaluation
Semen samples were assessed within 15 minutes of collection. Semen volume was measured using graduated glass test tubes. Samples showing discoloration from pure white were rejected due to potential contamination with fecal matter or blood. Semen pH was determined using litmus paper (Medi-Test Combi 9™) by applying a drop of sample and observing the resulting color change.
Sperm Motility: Motility assessment was conducted on diluted semen samples using a 1:250 dilution ratio in modified Ringer's solution, following the standardized protocol for avian semen evaluation (Pamungkas et al.,2025). A drop of diluted semen was placed on a clean glass slide, covered with a coverslip, and examined under 100× magnifications. Total motility represented the percentage of moving spermatozoa. Progressive motility was defined as spermatozoa exhibiting moderate to rapid forward movement, whereas non-progressive motility described spermatozoa displaying localized twitching without forward progression. Immotile spermatozoa showed no movement. A minimum of 15 microscopic fields were evaluated per sample to ensure representative assessment (WHO, 2010).
Sperm Concentration: Sperm concentration, expressed as cells per milliliter (×10⁹/mL), was determined using a Neubauer hemocytometer following standardized dilution procedures and counting protocols for avian semen (Rakha et al.,2025). The semen was appropriately diluted to achieve accurate counts within the recommended range for hemocytometer analysis.
Sperm Viability Assessment: Sperm viability was assessed using the eosin-nigrosin staining technique as described by Klimowicz-Bodys et al. (2012). A drop of semen was placed on a microscope slide using a micropipette, and then mixed with a drop of eosin-nigrosin stain. The mixture was smeared, air-dried, and examined at 100× magnification. Live spermatozoa (eosin-impermeable) and dead spermatozoa (eosin-permeable) were differentiated by counting 300 cells per sample, which represents the minimum recommended sample size for reliable sperm viability assessment (WHO, 2010).
Sperm Morphology: Morphological evaluation was performed using eosin-nigrosin stained smears following established protocols for poultry semen assessment (Mortimer,2020). Three hundred spermatozoa per sample were systematically examined to determine the percentage of morphological abnormalities, adhering to the standard cell count recommended for accurate morphological assessment (WHO, 2010). Specific defects assessed included detached acrosome (intact acrosome separated from the head, neck, and tail), swollen acrosome (characterized by a distended and irregular apical ridge and neck region), and acrosome abnormalities (identified by irregular head shape on the acrosome).
2.7 Blood Collection and Hormonal Assay
Blood samples were collected from the wing vein at baseline (week 0), week 4, and week 8. Three milliliters of blood were obtained from each bird's wing vein each morning and transferred into plain collection tubes. Samples were allowed to clot at room temperature for one hour, and then centrifuged at 3000 rpm for 10 minutes to obtain serum. Serum was carefully transferred into sterile storage vials and stored at -20°C until analysis. Serum concentrations of follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone were quantified using Enzyme-Linked Immunosorbent Assay (ELISA) kits from Elabscience® (Texas, USA) according to manufacturer's instructions.
2.8 Statistical Analysis
Data were analyzed using linear mixed-effects models with individual cocks as random effects and treatment, time, and their interaction as fixed effects. Normality of residuals was assessed using the Shapiro-Wilk test, while homogeneity of variance was evaluated with Levene's test. Tukey's honest significant difference (HSD) test was employed for pairwise comparisons between treatment groups. Statistical significance was set at P < 0.05, and results are presented as mean ± standard deviation. All statistical analyses were conducted using R software (version 4.0.0).
3. RESULTS 

Table 1 below presents the effect of two different doses of ethanolic garlic extract (250 mg/kg and 500 mg/kg) on various semen quality parameters in Nigerian indigenous cocks over an 8-week period. The findings revealed that garlic supplementation, especially at both doses, led to a notable improvement in sperm motility and a reduction in morphological defects by weeks 4 and 8. Total motility rose from around 68% at the baseline to between 75% and 77% in the treated groups, while progressive motility improved from about 46% to 53% to 55%. Additionally, the rate of morphological defects dropped from roughly 14% to between 10% and 12% in the cocks that received garlic. However, there were no significant changes in ejaculate volume, sperm concentration, or viability across the groups, indicating that garlic extract primarily enhances sperm quality through better motility and morphology rather than increasing quantity.
Table 2 as shown below illustrates the hormonal shifts in Nigerian indigenous cocks after 8 weeks of garlic extract supplementation. The standout observation is the significant rise in testosterone levels in both treatment groups. Testosterone levels climbed from baseline values of about 3.8 ng/mL to between 5.0 ng/mL and 5.4 ng/mL by week 8 in the garlic-supplemented cocks, marking an increase of roughly 28% to 38% compared to the control group. These changes were statistically significant at weeks 4 and 8. However, LH and FSH levels only showed minor, non-significant increases throughout the treatment period, suggesting that garlic extract mainly boosts reproductive benefits through androgenic stimulation rather than by modulating gonadotropins.



Table 1: Effect of Ethanolic Garlic Extract on Semen Quality of Nigerian Indigenous Cocks
	Parameters
	    Week
	Control
	Low-garlic (250mg/kg)
	High-garlic (500mg/kg)

	
Ejaculate Volume (mL)
	
      0
	
0.42 ± 0.11
	
0.44 ± 0.08
	
0.40 ± 0.09

	
	      4
	0.48 ± 0.12
	0.52 ± 0.14
	0.49 ± 0.13

	
	      8

	0.51 ± 0.15
	0.46 ± 0.10
	0.50 ± 0.16

	Sperm Concentration (×10⁹/mL)
	      0
	2.1 ± 0.6
	2.3 ± 0.4
	2.2 ± 0.5

	
	      4
	2.5 ± 0.7
	2.8 ± 0.8
	2.9 ± 0.9

	
	      8
	2.2 ± 0.5
	2.6 ± 0.6
	2.4 ± 0.7


	Total Motility (%)
	      0
	67.2 ± 6.5
	68.5 ± 5.8
	67.9 ± 6.1

	
	      4
	70.5 ± 7.1
	74.2 ± 6.3*
	75.8 ± 6.8*

	
	      8
	68.3 ± 6.2
	75.1 ± 6.5*
	77.2 ± 7.3*


	Progressive Motility (%)
	      0
	45.5 ± 5.5
	46.8 ± 4.8
	45.9 ± 5.3

	
	      4
	48.2 ± 5.9
	51.5 ± 5.6*
	53.8 ± 6.2*

	
	      8
	47.5 ± 5.1
	53.2 ± 5.8*
	55.1 ± 6.5*


	Viability (%)
	      0
	76.2 ± 5.5
	77.1 ± 5.2
	76.4 ± 5.1

	
	      4
	78.1 ± 5.9
	79.2 ± 5.6
	79.5 ± 5.8

	
	      8
	77.0 ± 5.3
	78.5 ± 5.4
	79.2 ± 5.5


	Morphological Defect (%)
	      0
	14.2 ± 2.5
	13.5 ± 2.3
	14.1 ± 2.6

	
	      4
	13.7 ± 2.8
	12.2 ± 2.4*
	11.2 ± 2.1*

	
	      8
	14.5 ± 3.1
	11.5 ± 2.2*
	10.5 ± 2.3*



Values are presented as mean ± standard deviation (n=8 per group). Asterisks (*) indicate statistically significant differences (P < 0.05) compared to the control group at the same time point using Tukey's HSD test








Table 2: Effect of Ethanolic Garlic Extract on Hormonal Profile of Nigerian Indigenous Cocks
	Hormone
	Week
	Control
	Low-garlic (250mg/kg)
	High-garlic (500mg/kg)

	
Testosterone (ng/mL)
	
0
	
3.8 ± 0.6

	
3.9 ± 0.5
	
3.7 ± 0.7

	
	4
	4.0 ± 0.7
	4.6 ± 0.8*
	4.9 ± 0.9*

	
	8
	3.9 ± 0.6
	5.0 ± 0.8*
	5.4 ± 1.0*


	LH (mIU/mL)
	0
	2.6 ± 0.4
	2.5 ± 0.5
	2.6 ± 0.4

	
	4
	2.7 ± 0.5
	2.9 ± 0.6
	3.0 ± 0.5

	
	8
	2.6 ± 0.4
	3.0 ± 0.5
	3.2 ± 0.6


	FSH (mIU/mL)
	0
	1.9 ± 0.3
	1.8 ± 0.4
	1.9 ± 0.3

	
	4
	1.8 ± 0.3
	1.9 ± 0.3
	1.9 ± 0.4

	
	8
	1.9 ± 0.3
	2.0 ± 0.3
	2.1 ± 0.3



Values are presented as mean ± standard deviation (n=8 per group). LH = Luteinizing hormone; FSH = Follicle-stimulating hormone. Asterisks (*) indicate statistically significant differences (P < 0.05) compared to the control group at the same time point using Tukey's HSD test.

4. DISCUSSION
The current study revealed that giving ethanolic garlic extract orally led to a significant boost in sperm motility and morphology. Interestingly, while sperm concentration, ejaculate volume, and viability didn't show any changes, total motility increased by 10-13% in the treated groups compared to the controls by week 8. Progressive motility saw even more impressive gains, with improvements of 14-20% from the baseline. The high-dose group reached a remarkable 55.1% progressive motility, surpassing the critical threshold (≥50%) needed for optimal fertility in commercial breeding (Micic et al.,2018), marking a 16% improvement over the controls. Notably, the reduction in morphological defects from 14.5% in the controls to 10.5% in the high-dose group (a 27.6% decrease) is significant, as sperm with normal morphology tend to have better membrane integrity and DNA stability, which are crucial for successful fertilization.
These enhancements could be linked to the antioxidants found in garlic, especially allicin and sulfur compounds, which help reduce oxidative stress and maintain sperm structural integrity. Our results are consistent with the findings of Okoro et al. (2016) and Balogun et al. (2017), who also noted improved progressive motility and fertilizing capacity in cock's sperm with garlic supplementation. However, unlike the studies by Okoro et al. (2016) and Ekuma et al. (2017), no improvements were observed in sperm concentration or viability. This discrepancy might be due to differences in how garlic was prepared, the methods of administration, and the specific bioavailability of its active compounds. Additionally, since our baseline sperm concentration (2.1-2.3 × 10⁹/mL) was already within the normal range, it suggests a ceiling effect, indicating that garlic supplementation might be most effective in birds with less-than-optimal baseline parameters.
The eight-week supplementation period spanned approximately 4-5 complete spermatogenic cycles, given that the duration of spermatogenesis in chickens is approximately 12-13 days (Nicy et al.,2024), which might explain improvements were observed in functional parameters while the quantitative ones stayed the same. To really boost sperm production, supplementation needs to be maintained for around 10-15 weeks (or 6-10 complete cycles) to make a real impact on testicular germ cell populations (Hammed, 2022). The dose-response relationship observed, where 500 mg/kg yielded better results than 250 mg/kg, indicates that higher concentration is needed for bioactive compounds to unlock the full reproductive benefits.
One of the most notable hormonal findings was the significant rise in testosterone levels. The high-dose group experienced a 46% increase from baseline (going from 3.7 to  5.4 ng/mL) and a 38% rise compared to the control group by week 8. This increase is likely due to garlic's bioactive compounds, which help protect Leydig cells from oxidative damage and boost steroidogenic enzymes (CYP11A1, 3β-HSD, 17β-HSD) (Ricciutelli et al.,2020). The rise in testosterone has important implications beyond just semen quality; it also plays a key role in maintaining libido, secondary sexual characteristics, and reproductive behavior in cocks, potentially leading to more frequent mating and better overall breeding efficiency.
The stable levels of LH and FSH provide valuable insights into the underlying mechanisms. While both gonadotropins did show slight numerical increases in the treated groups, these changes weren't statistically significant. This pattern suggests that garlic primarily acts directly at the testicular level rather than through the pituitary gland. The lack of LH suppression, even with elevated testosterone, might indicate that the testes are becoming more sensitive to the existing LH levels. From a practical perspective, this mechanism is beneficial because it boosts testosterone production without disrupting the hypothalamic-pituitary-gonadal axis, which is a significant advantage over synthetic hormonal treatments.
The improvements observed in sperm motility, morphology, and testosterone levels carry some important real-world implications. For instance, the boost in progressive motility to 55.1% could lead to better fertilization rates and improved hatchability, as strong correlations have been established between progressive sperm motility and fertility outcomes in poultry breeding operations (Li et al.,2025). From an economic standpoint, garlic supplementation represents a cost-effective natural intervention compared to synthetic fertility enhancers (El Basuini et al.,2024), and it offers similar benefits without the worries of residues or regulatory issues. Also, garlic, being classified as Generally Recognized As Safe (GRAS) and a natural feed additive, doesn't require a withdrawal period like synthetic hormones do (Ezeorba et al.,2022), making it more appealing to consumers as a natural choice, with no drug residues and a low risk of resistance.
However, there are a few limitations observed in this study. The eight-week timeframe might not have been long enough to see changes in spermatogenic indices. While the sample size of eight birds per group is statistically sound, it might not be representative of different genetic lines. This study also didn't include direct fertility trials with hatchability measurements, which would give us clearer evidence of reproductive improvements. We didn't measure oxidative stress biomarkers either, so we can't directly confirm the proposed antioxidant mechanism. Lastly, since the study was done in controlled conditions, we still need to figure out how effective this approach is in tougher field situations, like heat stress, disease challenges, or less-than-ideal nutrition.

5. CONCLUSION  AND RECOMMENDATIONS
This study showed that giving Nigerian indigenous cocks’ oral supplementation with ethanolic garlic extract at doses of 250-500 mg/kg body weight led to notable improvements in their reproductive performance. We observed 16% boost in sperm motility, a 27.6% drop in morphological defects, and a 46% increase in testosterone levels compared to baseline. While we partially accepted the alternative hypothesis, it was clear that garlic supplementation significantly enhanced functional semen parameters and testosterone levels in a dose-dependent way, even though quantitative parameters and gonadotropins didn’t change.  
This may be due to the bioactive compounds from garlic that protect Leydig cells from oxidative damage and boost the activity of steroidogenic enzymes. Interestingly, the primary effects happen directly in the testes rather than through the pituitary gland. The 500 mg/kg dose stood out, showing the best results across all measured parameters, which gives us solid guidance for practical use. Also, garlic supplementation is a cost-effective option that doesn’t raise concerns about residues, withdrawal times, or regulatory issues, making it especially appealing for organic production systems and small to medium-sized poultry producers.  
Even though there were some limitations, like the short duration of the study, the lack of direct fertility trial, and no measurements of oxidative stress markers, the findings strongly support the use of ethanolic garlic extract as a natural reproductive enhancer in poultry breeding programs. The improvements in sperm quality and testosterone production could significantly boost breeding efficiency and enhance the sustainability and profitability of commercial poultry operations. Therefore, based on the findings of this study, the following are recommended;
i. Commercial poultry breeders should consider implementing garlic supplementation at 500 mg/kg body weight for at least four weeks before peak breeding seasons to optimize reproductive performance.
ii. Future research should investigate longer supplementation periods (10-15 weeks), conduct comprehensive dose-response studies with additional dose levels, and include direct fertility trials with hatchability measurements.
iii. The efficacy of garlic supplementation should be evaluated under various environmental stress conditions and across different genetic lines of poultry.
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