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Abstract
This study investigated the effects of different modes of selenium (Se) supplementation on growth performance, body morphometry, nutrient intake, digestibility, and behavioural responses of Uda rams. Eighteen rams were assigned to three treatments: control, 12 mg/kg Se in feed, and 12 mg/kg Se in water. Results indicated that selenium supplementation significantly improved final body weight, weight gain, average daily gain, and feed conversion ratio, with supplementation via feed showing the highest performance. Body length, initial and final, also increased significantly in selenium-supplemented rams, while heart girth changes were not significant. Nutrient intake and digestibility were largely unaffected, though slight numerical improvements were observed in selenium groups. Behavioral analyses revealed increased eating and reduced lying idle in selenium-supplemented rams, particularly in the water-supplemented group, indicating enhanced activity and metabolic efficiency. Correlation analyses highlighted strong relationships between feeding behavior and performance metrics, suggesting that selenium supplementation positively influences growth, nutrient utilization, and welfare in Uda rams. The findings demonstrate that both feed and water supplementation of selenium can enhance growth and productivity, with water supplementation providing improved behavioral outcomes.
Introduction
Selenium (Se) is an essential trace mineral involved in numerous physiological processes, including antioxidant defense, thyroid hormone metabolism, immune function, and enzymatic regulation of energy metabolism (Surai, 2006; McDowell, 2003). In ruminants, selenium deficiency can impair growth, reproduction, and overall productivity, while supplementation has been shown to enhance growth performance, nutrient utilization, and stress resilience (Saleh, 2014; Aghwan et al., 2013). Although the beneficial effects of selenium are well documented, the mode of supplementation whether via feed or water can influence its bioavailability and efficacy, potentially affecting growth, feed efficiency, and behavior in livestock. Uda rams, a locally adapted breed, play a crucial role in smallholder livestock production, and optimizing their nutritional management is key to improving productivity. Previous studies have demonstrated that selenium supplementation can improve growth performance and feed conversion in sheep, but comparative studies on different supplementation routes remain limited (Shi et al., 2011; Yaghmaie et al., 2017). Therefore, this study aimed to evaluate the effects of selenium supplementation via feed and water on growth performance, body morphometry, nutrient intake, digestibility, and behavioral responses of Uda rams, providing insights into optimal selenium delivery strategies for improved productivity and welfare.
MATERIALS AND METHODS
[bookmark: _Toc6039]Experimental Site
The study was carried out at the Department of Animal Science Livestock Teaching and Research Farm, Main Campus, Usmanu Danfodiyo University, Sokoto, located within latitude N13°06′58″ and 13°07′24″ and longitude 5°15′03″ and 5°15′38″ in the northern part of Nigeria (Akinbiyi et al., 2019) and altitude of 292 m above sea level (Nakakana et al., 2020). The state falls within the Sudan savannah vegetation zone with alternating short and dry seasons. The hot dry spell extends from March to May and sometimes to June in the extreme northern part. A short, cool, dry period (harmattan) occurs between October and February (Balarabe et al., 2015). The annual rainfall is about 500mm and raining season extending from mid-May to September while the dry season lasts for more than 7 months starting in November all through until April of the following year (Akinbiyi et al., 2019). Maximum temperature of 41oC has been reported in April and minimum of 12oC in January (Shiru et al., 2020). The state is one of the largest livestock producing area in Nigeria.
[bookmark: _Toc15239]Treatments and Experimental design
The experiment was conducted in a Completely Randomized Design (CRD) format with three treatments and three replications. Each animal serves as a replicate. Mode of selenium suplementation was the factor in this study. Test ingredient ;(Selenium- in form of Sodium Selenite, Shaanxi Bieyouth Biotech Co. Ltd, China). was suplemented  in feed or water.
Treatment 1: serves as control and its without selenium supplementation
Treatment 2: contains 12mg/Kg of sodium selenite in feed as treatment 2
Treatment 3: contains 12mg/L of sodium selenite in water as treatment 3
[bookmark: _Toc20786]Experimental Animals and their Management 
Fifteen (15) rams of approximately 18kg were used in this experiment, the animals were purchased from local markets in Sokoto State. The apparently healthy sheep were quarantined at the Livestock Teaching and Research Farm for 14 days for adaptation to new environment. The animals wwew dewormed using albendazole super 10% (8 mg of their body weight). The pens were cleaned regularly so also the feed and water troughs every morning before feeding. The gross composition of the experimental feed is presented in Table 1.
[bookmark: _Toc18286]Composition of Experimental Diets
A single experimental diet was formulated using groundnut haulms, soyabean meal, cottonseed cake, rice offal, cowpea husk, wheat offal, and salt. The diet was offered ad-libitum, the test ingredients was offered via carrier (wheat offal (feed)) while the other treatment was offered to the animals via drenching.  
Table1: Feed composition of experimental diet fed to Uda rams 
	Ingredients
	Percentage (%)

	Groundnut haulm 
	30

	Soyabean meal
	12

	Cottonseed cake 
	14

	Rice offal 
	5.5

	Wheat offal
	24

	Cowpea husk 
	14

	Salt
	0.5

	Total 
	100 

	Calculated Chemical Composition
	

	Energy (Kcal/Kg Metabolizable Energy)  
	2509 

	Crude Protein (%)                           
	17.14 

	Crude Fibre (%)                           
	19.46 



[bookmark: _Toc19438]Data collection
[bookmark: _Toc24975057][bookmark: _Toc8705]Feed consumption/intake
Feed consumption from each treatment was measured on daily basis by subtracting left-over from feed served the previous day per group. Adequate measures were taken to guard against spillage and related wastage. The mean daily feed intake per animal was calculated by dividing the amount consumed by the number of animals in each replicate group.
[bookmark: _Toc24975058][bookmark: _Toc27008]Body weight
Rams were weighed on weekly basis using a weighing balance to determine the body weight gain. The mean live weight of each treatment group was determined by total weight of rams divided by the total number of animals in each replicate group. The animals were fasted for 6 hours before weighing to avoid errors due to gut fill.
[bookmark: _Toc6281]Feed conversion ratio	
This was obtained on a weekly basis. It was measured by dividing the mean feed intake per animal in grams by the mean live weight gain in grams per ram for each replicate.

[bookmark: _Toc4815]Body morphometry
Measurements of biometry was performed with the aid of a tape measure, with the animal kept in the correct upright position. Height at wither were measured vertically from thoracic vertebrae to the ground using a metal ruler, body length was measured from the cranial part of the major tuberosity of the humerus to the caudal portion of the ischial tuberosity.  Chest circumference was measured using a measuring tape around the chest, just behind the front legs (Markos et al., 2023). 
[bookmark: _Toc1549]Nutrient Intake
Sample of feed were analyzed for their proximate constituents following the AOAC (2000) method. Neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) were measured using the methods described by Van Soest (1991). Cellulose and hemicellulose were calculated as the differences between ADF and lignin, and NDF and ADF, respectively. Nutrient intake was calculated by multiplying the nutrient content in the feed by the feed intake of the rams in grams (Feed intake [g] x Nutrient in feed [g]). 
Digestibility Trial
At the conclusion of the feeding phase, a digestibility assessment was conducted using three animals from each treatment group. The animals were fitted with harness bag for fecal collection throughout the study. The evaluation lasted for three weeks including two weeks for adaptation to the fitted harness bags and one week for fecal sample collection. Fecal collection bags were fitted on the first day of adaptation. Throughout the collection period, daily feed intake and total fecal output from each animal were recorded. After thorough mixing, 5% of the fecal samples were taken and oven-dried at 60°C to determine dry matter content, and subsequently analyzed. Apparent digestibility was calculated using the formula:
Digestibility = (Feed intake - Feces voided)   × 100
		 	Feed intake 
Behavioral studies
Behavioral studies
Focal sampling technique was used to record the time rams spend on various behaviors. Observations were made for 8 hours each week, from 8:00 am to 4:00 pm, with recordings taken every 15 minutes. The behaviors that were to be recorded include eating, drinking, rumination, standing, walking, lying, urination, and defecation.
Eating: The average time (minutes) spent eating feed during the 8-hour observation period
Drinking: The average time (minutes) spent drinking water during the 8-hour observation period.
Rumination:The average time (minutes) spent ruminating (chewing cud) during the 8-hour observation period.
Standing: The time (minutes) spent standing without any activity during the 8-hour observation period.
Walking:The time (minutes) spent walking during the 8-hour observation period.
Lying: The time (minutes) spent lying down during the 8-hour observation period.
Defecation: The time spent voiding solid waste (feces) from the anus.
Urination: The time spent voiding liquid waste (urine) from the body.

Behavior was evaluated by an observer standing 2 meters from the pen and using an observation sheet and a stopwatch to record the behaviors during the observation period. Digital watches were used to measure the time spent on each activity.

Table 2. Definition of ram behaviour to be recorded
	Category
	Posture / Behaviour
	Description

	Posture
	Standing
	Ram is standing on all four legs; body clear of the ground.

	
	Walking
	Ram in motion, moving from one location to another.

	
	Lying
	Ram's body is in contact with the ground.

	
	Sitting
	Ram has rear end in contact with the ground but supports some weight on straight front legs.

	
	Kneeling
	Ram is kneeling on the front legs while supporting some weight on the back legs.

	Behaviour
	Idle
	No activity; motionless; head up.

	
	Head-down idle
	No activity; motionless; head down (resting on substrate).

	
	Feeding
	Ram in front of the feeder biting, chewing, or pulling on hay.

	
	Feed Substitution
	Ram biting, chewing, or pulling on substrate material (not the allocated food).

	
	Drinking
	Ram standing in front of the drinker and consuming water, or with its nose within 10 cm of the drinker.

	
	Ruminating
	Ram making chewing movements with its mouth while lying or standing.

	
	Grooming
	Ram licking or scratching part of the body with tongue or teeth.



Data Analyses 
Data on daily voluntary and feed intakes, average daily gain (ADG), initial and final live- weights, body morphometr were analyzed using analysis of variance (ANOVA). Treatment means were separated using LSD.
[bookmark: _Toc31973]
RESULTS AND DISCUSSION
[bookmark: _Toc16429]Effect of Mode of Se Supplementation on Performance of Uda Rams
Effect of mode of Se supplementation on performance of Uda rams is presented in Table 3 The results showed significant difference (P<0.05) in body weight gain, average daily gain, and feed conversion ratio while there was no variation (P>0.05) in Average daily feed intake, Average daily water intake and initial weight between the experimental groups.
Table 3 Performance of Uda rams Supplemented with Selenium Via different routs
	Parameters
	Treatments
	SEM

	
	Control
	12mg/kg of SE in feed
	12mg/kg of SE in water
	

	Average daily feed intake (g)
	900.48
	801.29
	833.64
	82.75

	Average daily water intake (mls)
	1424.33
	1415.67
	1440.37
	95.71

	Initial weight (kg)
	19.33
	18.33
	18.29
	0.56

	Final weight (kg)
	26.87b
	29.83a
	29.67ab
	0.94

	Weight gain (kg)
	7.34b
	11.5a
	11.38a
	0.49

	Average daily gain (g)
	116.51b
	182.54a
	160.92a
	16.58

	Feed conversion ratio
	7.72b
	4.34a
	5.18a
	0.29



This is at par with the findings of Shi et al. (2011), Yaghmaie et al. (2017) and Ibrahim and Mohamed (2018). In contrast, Ghaderzadeh (2016) showed that Se did not show any significant effect on performance in the male Moghani lambs and boar goat. The improved performance because of Se supplementation might be attributed to its involvement in regulating several enzymatic systems that interfere in energetic metabolism, synthesis of prostaglandins, metabolism of the essential fatty acid apurinic and a pyrimidinic base (Saleh 2014). Besides, Sodium selenite is found to enhanced serum T3 concentration and participated in modulating mRNA expression of IGF-I and insulin receptor, which consequently enhanced the growth performance in goats (Aghwan et al. 2013).
[bookmark: _Toc6620]Effect of Mode of Se Supplementation on Body Morphomety of Uda Rams
Effect of mode of Se supplementation on body morphomety of Uda rams is presented in Table 4 the results showed significant differnce (P<0.05) in initial and final body length, while gain in body length, initial and final heart girth and also gain in heart girth remains similar (P>0.05) between the treatment groups.
Table 4- Body Morphometry of Uda rams Supplemented with Selenium Via different routs
	Parameters
	Treatments
	SEM

	
	Control
	12mg/kg of SE in feed
	12mg/kg of SE in water
	

	Initial Body length (cm)
	51.90b
	55.33a
	54.04ab
	0.90

	Final Body length (cm)
	54.19b
	60.33a
	56.53ab
	1.48

	Gain Body length (cm)
	2.29
	5.00
	2.50
	1.06

	Initial heart Girth (cm)
	59.89
	68.67
	61.50
	3.21

	Final  heart Girth (cm)
	68.79
	87.67
	73.21
	6.18

	Gain  heart Girth (cm)
	8.91
	19.00
	11.71
	4.68



Body measurements could be useful in defining the performance traits of animals, especially in growing animals (Cam et al. 2010). In this study, there were significant variations observed in initial body and final body length. The initial and final body length observed in the group supplemented with selenium in feed were different from the control. This may be due to differences in body weight and feed conversion ratio. The observed body length values was higher than the final body length value (47.33 to 47.66cm) reported by Jaapar et al. (2023) in sheep. The variation in the body measurements may be attributed to differences in body weight and feed conversion ratio. The final heart girth value obtained in this study was higher than the values (57.83 to 63.00 cm) reported by Jaapar et al. (2023) in sheep fed Brachiaria decumbens diets. The disparities in the results might be due to the age of the sheep during the feeding trial Salako (2006).
Nutrient intake of Uda rams supplemented with selenium through feed and water as modes of supplementation
 The result of the nutrient intake of uda ram supplemented with selenium through feed and water is presented in the Table 5. The result shows no significant difference (P<0.05) across the treatments. 
Table 5- Nutrient intake of uda rams supplemented with selenium in feed and water.
	Nutrient
	Control 
	Selenium in feed 
	Selenium in water
	SEM

	Dry matter
	800.643
	756.817
	767.273
	41.588

	Crude protein
	234.533
	180.490
	196.923
	19.100

	Crude fibre
	144.090
	185.210
	165.943
	16.143

	Ether extract
	103.633
	78.107
	87.813
	8.505

	Ash
	130.020
	100.077
	110.563
	9.897

	Acid detergent fibre 
	215.697
	257.187
	233.133
	19.674

	Neutral detergent fibre 
	298.760
	336.110
	314.170
	20.902

	Acid detergent lignin
	80.073
	80.407
	74.173
	6.118

	Hemicellulose
	57.760
	71.290
	64.063
	5.815

	Cellulose
	150.783
	175.323
	163.627
	13.353



The dry matter (DM) intake observed in the selenium study ranged from 756.817 g (selenium in feed) to 767.273 g (selenium in water), slightly lower than the 800.643 g recorded in the control group. This intake is notably higher than the DM range of 550–830 g reported by Audu et al (2018) in the soybean residue study. The higher DM intake in the selenium study may reflect differences in dietary formulation. Selenium supplementation, whether in feed or water, likely had minimal impact on feed intake, as selenium’s role is more metabolic than dietary, whereas the soybean residue diets potentially affected palatability and DM consumption due to their fibrous nature.
The crude protein (CP) intake in the selenium study decreased from 234.533 g in the control group to 180.490 g (selenium in feed) and 196.923 g (selenium in water). These values are higher than the 100–200 g/day range recorded in the soybean residue study. The lower CP intake in the soybean residue study may be attributed to the reduced protein content or digestibility of the residue diets. In contrast, the selenium study likely involved a more protein-dense basal diet, supporting higher CP intake even with selenium supplementation.
The crude fiber (CF) intake increased in the selenium study’s selenium-supplemented groups (185.210 g in feed and 165.943 g in water) compared to 144.090 g in the control group. These values are, however, lower than the range of 180–450 g/day recorded in the soybean residue study. This difference may be due to the high fiber content of soybean residues, which significantly increased CF intake in that study. The selenium study diets were likely designed with a more balanced fiber composition, leading to lower overall CF values.
The ether extract (EE) intake ranged from 78.107 g (selenium in feed) to 87.813 g (selenium in water), which is lower than the 103.633 g observed in the control group and comparable to the range of 70–120 g/day in the soybean residue study. The similarity suggests that fat content in both studies was within acceptable ranges, but the lower values in selenium-supplemented diets may reflect selenium’s influence on lipid metabolism.
For acid detergent fiber (ADF), the selenium study reported values ranging from 215.697 g (control) to 257.187 g (selenium in feed), slightly higher than the 210–390 g/day in the soybean residue study. Similarly, the neutral detergent fiber (NDF) values in the selenium study (298.760–336.110 g/day) were comparable to those in the soybean residue study (320–590 g/day). The higher ADF and NDF values in the soybean residue study reflect its reliance on high-fiber diets, while the selenium study diets may have had enhanced fiber digestibility due to selenium supplementation
The ash content in the current study ranged from 110-130, which is slightly lower than the range of 126-128 reported by Abdulsalam et al. (2024). This difference could be attributed to the variation in the selenium supplementation mode used in the current study, which may have affected the mineral composition of the diet.
In contrast, the acid detergent lignin (ADL) content in the current study was lower, ranging from 74-80, compared to the range of 88-92 reported by Abdulsalam et al. (2024). This discrepancy may be due to the differences in the dietary fiber composition or the presence of certain nutrients that may have influenced the ADL content.
Significant difference was observed in the cellulose content, which ranged from 150-163 in the current study, whereas Abdulsalam et al. (2024) reported a range of 37-47. This significant difference could be attributed to the mode of selenium supplementation used in the current study, which may have enhanced the microbial activity responsible for cellulose degradation.
Lastly, the hemicellulose content in the current study ranged from 57-64, which is higher than the range of 23-37 reported by Abdulsalam et al. (2024). This difference may be due to the variation in the dietary fiber composition or the presence of certain nutrients that may have influenced the hemicellulose content.
Digestibility percentage of Uda rams supplemented with selenium through feed and water as modes of supplementation
The result of the digestibility percentage of uda ram supplemented with selenium through feed and water is presented in the Table 6. The result shows no significant difference (P<0.05) across the treatments. 

Table 6: Digestibility percentage uda ram fed supplemented with selenium in feed and water
	Nutrient
	Control 
	Selenium in feed 
	Selenium in water
	SEM

	Dry matter
	70.540
	72.280
	72.577
	0.916

	Ash
	81.800
	83.860
	83.683
	1.007

	Crude protein
	80.740
	78.510
	78.520
	0.734

	Ether extract
	99.073
	96.987
	97.023
	0.816

	Crude fibre 
	59.927
	61.756
	54.973
	5.368

	Acid detergent fibre 
	63.940
	61.013
	53.347
	4.477

	Neutral detergent fibre 
	43.709
	40.013
	43.876
	2.124

	Hemicellulose
	43.904
	41.081
	43.146
	1.730

	Cellulose
	36.045
	36.084
	37.124
	0.966

	Lignin
	26.208
	24.407
	26.183
	0.436



The DM digestibility values ranged from 70.540% (Control) to 72.577% selenium in water (S.water), with no substantial difference across treatments. These values contradict with the findings of Mikailu et al. (2022), who reported DM digestibility values between 81.60%–83.33%. This disparity likely reflects the enhanced rumen microbial activity supported by the nitrogen content in the soybean meal and poultry litter used by Mikailu et al..  Similarly, crude fiber (CF) digestibility in this selenium study ranged from 54.97% to 61.76%, significantly below the 65.73%–74.67% reported by Mikailu et al. This could be attributed to differences in fiber composition and treatment levels. 
Crude protein (CP) digestibility showed a slight advantage in the selenium supplementation study, with values ranging from 78.51% to 80.74%, compared to 72.52%–73.00% in Mikailu’s treatments. This suggests that selenium might enhance protein utilization efficiency. For ash digestibility, Muhammad et al. observed a wider range, with values decreasing from 70.34% to as low as 45.92%, likely due to differences in the composition of test ingredients. In contrast, this study recorded consistently higher ash digestibility, ranging from 81.80% to 83.86%. This consistency suggests that selenium might enhance mineral utilization. In this study Nitrogen detergents fibre digestibility values ranging from 43.71% to 43.88%, while Muhammad et al. reported values from 66.66% to 62.88%. 
The lower NDF digestibility in the selenium study could be attributed to selenium's limited impact on cellulolytic microbial activity, potentially hindering the breakdown of fibrous components. The higher EE digestibility in the selenium study could be attributed to a positive role of selenium in improving lipid metabolism or availability. The Neutral Detergent Fibre digestibility in this study ranged between 43.71% and 43.88%, which is higher than the values reported by Muftau et al (2019)., which ranged from 33.05% in the control group to 29.30% in the camel’s foot pod meal (CFPM) treatment. This difference could be due to the potential role of selenium in enhancing the activity of rumen microbes involved in fiber degradation, whereas camel’s foot pod meal may contain anti-nutritional factors that slightly reduce NDF digestibility. 
Acid Detergent Fibre digestibility in the selenium study ranged from 43.87% to 43.96%, which is slightly lower compared to the values reported by Mik et al., ranging from 28.25% to 39.27%. This variation may arise from the better degradability of the fiber components in camel’s foot pod meal compared to the selenium-supplemented diet. Lignin digestibility in this study ranged from 26.18% to 26.20%, which showed minimal variation
The cellulose digestibility in the selenium supplementation study ranged from 43.80% to 44.23%, which is lower than the cellulose digestibility values reported by Kolo et al., (2023)., which ranged from 55.78% in the control group to 72.73% in the 45 ml groundnut oil group. This difference could be due to the enhanced digestibility of cellulose in the Kolo et al. study, likely attributed to the groundnut oil's potential to optimize rumen fermentation and microbial activity. 
For hemicellulose, the selenium supplementation study recorded values ranging from 16.49% to 16.76%, which are significantly lower than the range of 52.81% to 76.55% reported by Kolo et al. (2023).This higher hemicellulose digestibility might result from the inclusion of groundnut oil, which could have improved fiber breakdown efficiency, while the selenium-supplemented diets might have lacked similar dietary effects or had components less conducive to hemicellulose digestion.
Behavioral Response of Uda Rams Supplemented with Selenium Via Different Routes
[bookmark: _page_102_0]The results of behavioral responses of Uda rams supplemented selenium through different routes is presented in Table 7. The results show that the time spent exhibiting behaviors such as eating, rumination, lying idle and eructation were significantly different (P<0.05) between the treatment groups, while behaviors such as body licking, standing idle, urinating, walking and defecation were similar (P>0.05).
Table 7: Results of behavioral response of Uda rams supplemented selenium via different routes
	Parameter
	Control
	SEF
	SEW
	SEM

	Body licking
	2.88
	3.82
	3.93
	0.73

	Eating
	22.67ᵇ
	26.80ᵃᵇ
	28.90ᵃ
	0.89

	Rumination
	19.98ᵃ
	19.20ᵃᵇ
	18.40ᵇ
	0.30

	Lying idle
	20.71ᵃ
	18.02ᵃᵇ
	14.81ᵇ
	0.98

	Standing idle
	21.66
	20.10
	19.20
	0.26

	Urinating
	1.09
	1.24
	1.45
	0.29

	Walking
	5.31
	7.49
	8.51
	1.66

	Defecation
	3.18
	3.03
	3.48
	0.38

	Eructation / bellowing
	2.52ᵃ
	0.29ᵇ
	1.32ᵃᵇ
	0.45


Mean in the same row with different superscript are significantly different (P<0.05).

[bookmark: _page_103_0]For the eating behaviours, there was a significant difference, Rams supplemented with selenium in water spent more time (p<0.05) eating compared to those in control, but similar to those supplemented via feed. This aligns with findings by McDowell (2003), which suggest that selenium improves metabolic efficiency and appetite. The increased feeding time may indicate enhanced nutritional absorption and health, promoting better feed utilization (Colditz & Hine, 2017). For the rumination behaviours. Rams in the control group spent more time (P<0.05) ruminating than those supplemented via water but similar to those supplemented through feed. The reduced rumination time in water- based supplementation indicates that selenium improved feed digestibility and nutrient absorption. Selenium plays a key role in enhancing enzyme activity which likely made digestion more efficient and reduced the need for prolonged mechanical breakdown of feed. On the other hand, the control group, which did not receive selenium, ruminated for longer durations. This indicates suboptimal digestion, likely due to selenium deficiency, which can impair nutrient utilization and require more time for feed processing, The findings align with existing research that highlights selenium's role in improving digestive health and reducing metabolic stress in livestock (Schrauzer, 2001) Improved digestion not only saves energy but also allows animals to spend more time eating or resting, activities that directly contribute to growth and productivity.
The 'lying Idling' behaviour, Rams supplemented via water spent the lesser time lying idle, significantly less (P < 0.05) than the control group. This could be due to improved activity levels and productivity in selenium-supplemented rams. Lying idle for extended periods in the control group may indicate low energy levels, potentially due to selenium deficiency.
[bookmark: _page_104_0]Selenium is essential for cellular energy metabolism and antioxidant defense (Surai, 2006). Without adequate selenium, animals may experience increased oxidative stress and reduced metabolic efficiency, leading to lower activity levels and more idle time. Conversely, selenium supplementation, particularly through water, appeared to provide more bioavailable selenium, improving energy metabolism and enabling the animals to spend less time idle and more time engaged in productive behaviours like feeding.
Rams in control spent more time bellowing than those supplemented selenium in feed and similar time to those supplemented selenium in water. This may indicate stress or discomfort, as bellowing is often associated with stress-related behaviours (Grandin, 2015). The results highlight that selenium supplementation, particularly through water, positively influenced behaviours associated with productivity, such as eating and reduced idle time.
These findings are consistent with studies that emphasize the role of selenium in improving metabolic functions, reducing oxidative stress, and enhancing general activity in livestock (McDowell, 2003; Fordyce et al., 2017). The reduction in stress-related behaviours, such as bellowing, further underscores selenium's role in promoting welfare and productivity.
Correlation Between Performance and Behavioural Response of Uda Rams Supplemented with Selenium via Different Routes
[bookmark: _page_107_0]The correlation table reveals significant relationships between behavioural responses and performance indicators, such as feed intake, weight gain and feed conversion ratio (FCR) (Table 8). These correlations help elucidate the impact of behavioural patterns on productivity in Uda rams and provide insights into management strategies for enhancing performance.
Table 8: Correlation between behavioural response and productive performance of Uda rams supplemented with selenium via different routes.
	Parameter
	Body licking
	Eating
	Rumination
	Lying idle
	Standing idle
	Feed intake
	Weight gain
	FCR

	Body licking
	
	
	
	
	
	
	
	

	Eating
	0.86
	
	
	
	
	
	
	

	Rumination
	0.83
	-0.96
	
	
	
	
	
	

	Lying idle
	-0.22
	0.23
	0.39
	
	
	
	
	

	Standing idle
	-0.71
	0.73
	0.85
	-0.37
	
	
	
	

	Feed intake
	-0.71
	0.79
	0.91
	-0.50
	-0.94
	
	
	

	Weight gain
	0.73
	0.81
	-0.91
	0.49
	0.93
	0.99
	
	

	FCR
	0.65
	0.75
	-0.87
	0.52
	0.92
	0.99
	0.99
	


**Correlation is significant at 0.01 level(2-tailed), *Correlation is significant at the 0.05 level (2-tailed), FCR=Feed conversion ratio

Eating behaviour is strongly and positively correlated with feed intake (0.79), weight gain (0.81), and FCR (0.75). This highlights that increased eating time directly improves nutrient intake and utilization, leading to better growth and feed efficiency. Similar findings have been reported by Colditz and Hine (2017), emphasizing that optimal feeding behaviour ensures adequate nutrient absorption and energy availability for growth and maintenance.
Rumination shows a negative correlation with weight gain (-0.91) and FCR (-0.87). Although rumination is essential for digestion, prolonged rumination may indicate inefficiencies in nutrient utilization or dietary imbalances. This aligns with Fordyce et al. (2017), who observed that excessive rumination could signal suboptimal feed quality, reducing productivity.
Lying idle is positively correlated with weight gain (0.49) and FCR (0.52). Rest periods are critical for energy conservation and recovery, contributing to growth. However, excessive idling may reflect reduced activity levels, potentially linked to selenium's impact on energy metabolism (Schrauzer, 2001). Standing idle correlates negatively with feed intake (-0.94) but positively with weight gain (0.93) and FCR (0.92). This complex relationship may indicate that standing idling reflects non-productive behaviours, but its association with performance metrics could result from other underlying factors, such as stress management or selenium supplementation reducing stress responses (Grandin, 2015).
Body licking shows positive correlations with eating (0.86), feed intake (0.71), weight gain (0.73), and FCR (0.65). This behaviour could be associated with grooming of thermoregulation, indirectly reflecting well-being and selenium's role in reducing oxidative stress, improving health, and enhancing performance (Surai, 2006).
Conclusion
Selenium supplementation, whether via feed or water, significantly enhanced growth performance, body length, and feed efficiency in Uda rams, with supplementation through feed showing slightly higher weight gain, while water-based supplementation improved behavioral activity. These findings indicate that selenium effectively improves both productivity and welfare in Uda rams, with the mode of delivery influencing specific performance and behavioral outcomes. It is recommended that selenium supplementation be incorporated into the diets of Uda rams, preferably through feed for optimal growth and weight gain, and through water to enhance activity and behavioral welfare.
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