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Abstract
The study evaluated the effects of selenium (Se) supplementation via feed and water on growth performance, nutrient intake, digestibility, body morphometry, haematology, serum biochemistry, stress biomarkers, and behavioral responses of Uda rams. Thirty rams were randomly assigned to three groups: control, 12 mg/kg Se in feed, and 12 mg/kg Se in water. Results indicated that Se supplementation significantly improved body weight gain, average daily gain, and feed conversion ratio, while nutrient intake and digestibility remained largely unaffected. Morphometric parameters, including final body length, were enhanced in Se-supplemented groups. Haematological analysis showed significant increases in RBC, WBC, PCV, and lymphocyte counts, reflecting improved immune status. Selenium supplementation also improved serum albumin levels, modulated lipid profiles, and reduced oxidative stress markers (MDA, TAC, SOD). Behavioral observations revealed increased feeding time and reduced idle periods in supplemented rams, correlating positively with growth performance. 

Introduction
Selenium (Se) is an essential trace element that plays a vital role in various physiological processes, including antioxidant defense, thyroid hormone metabolism, and immune function in livestock (Surai, 2006). In ruminants, Se deficiency can lead to reduced growth performance, compromised immunity, and increased susceptibility to oxidative stress-related disorders (McDowell, 2003; Schrauzer, 2001). Uda rams, an indigenous sheep breed in Nigeria, are widely reared for meat and play an important role in smallholder livestock production. However, nutritional deficiencies, particularly of trace minerals such as selenium, often limit their productivity.
Selenium can be supplemented through different routes, including feed and water, but the bioavailability and physiological responses may vary depending on the mode of administration (Aghwan et al., 2013). Previous studies have reported improved growth performance, feed efficiency, and antioxidant status in ruminants following selenium supplementation (Shi et al., 2011; Yaghmaie et al., 2017). Additionally, selenium has been shown to influence hematological indices, serum biochemical parameters, and stress resilience, which are critical indicators of animal health and productivity (Roman, 2014).
Despite its importance, limited research has examined the comparative effects of selenium supplementation via feed versus water in Uda rams, particularly with respect to growth performance, nutrient utilization, haematology, and stress biomarkers. Therefore, this study aimed to evaluate the effects of selenium supplementation through different routes on growth performance, body morphometry, nutrient intake and digestibility, haematological and biochemical indices, stress biomarkers, and behavioral responses in Uda rams. The findings are expected to inform effective selenium supplementation strategies for improving productivity and welfare in small ruminants.
MATERIALS AND METHODS
[bookmark: _Toc185504564]Experimental Site
The research was conducted at the Livestock Teaching and Research Farm, Department of Animal Science, Usmanu Danfodiyo University, Sokoto, situated in the northern region of Nigeria. The farm is located within the geographical coordinates of 13°06′58″ - 13°07′24″N latitude and 5°15′03″ - 5°15′38″E longitude (Akinbiyi et al., 2019) and at an altitude of 292 meters above sea level (Nakakana et al., 2020). The area falls within the Sudan savanna vegetation zone, characterized by alternating short and dry seasons. The region experiences a hot dry spell from March to May, sometimes extending to June, and a short cool dry period (harmattan) between October and February (Balarabe et al., 2015). The annual rainfall is approximately 500mm, with the rainy season occurring from mid-May to September and the dry season lasting over 7 months from November to April (Akinbiyi et al., 2019). Temperature extremes range from a maximum of 41°C in April to a minimum of 12°C in January (Shiru et al., 2020). The state is one of the largest livestock producing areas in Nigeria.
[bookmark: _Toc185504565]Treatments and Experimental Design
The experiment was conducted using a Completely Randomized Design (CRD) comprising three treatments and three replications, with each animal being used as replicate. The animals were fed and watered for 14 days as they adjust to their microclimate. Test ingredient (Selenium- in form of Sodium Selenite, Shaanxi Bieyouth Biotech Co. Ltd, China), was sourced from a reputable vendor and was administered based on manufacturer's recommendation in water or feed, the mode of supplementation (water and feed) served as treatment in this experiment.
Treatment 1 served as control and is without supplement
Treatment 2 contained 12 g/kg of sodium selenite as treatment in feed
Treatment 3 contained 12 g/kg of sodium selenite as treatment in water
[bookmark: _Toc185504566]Experimental animals and their management 
Fifteen (15) rams weighing 18-23kg were used in this experiment; the animals were purchased from local markets in Sokoto State. Prior to the beginning of the experiment, the animals were visually assessed for clinical signs of healthiness and morphological characteristics. Albendazole super 10% (8 mg/kg body weight) was used to deworm the animals. The pen house enclosure and the feed and water troughs were regularly cleaned every morning prior to feeding. 
[bookmark: _Toc185504567]Composition of Experimental Diets
A single experimental diet consisting of groundnut meal, soybean meal, cottonseed cake, rice offal, cowpea husk, wheat offal, and salt was prepared. The diet was formulated to have 2509 Kcal/kg of metabolizable energy, 17.14% crude protein, and 19.46% crude fiber. After the experimental supplements are fed, the basal diet was made available ad-libitum.
Table 1: Feed composition of experimental diet fed to Uda rams 
	Ingredients
	Percentage

	Groundnut haulm 
	30

	Soybean 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 Fiber (%)                           
	19.46 


[bookmark: _Toc185504568]
Haematological and Serum Biochemical Analysis
[bookmark: _Toc185504569]Blood sample collection
At the end of feeding trial (7 weeks), Approximately 10 mL of blood samples was collected from the jugular vein of each animal, and from there, 3 mL was transferred to a sterile vial containing ethylene diamine tetra-acetic acid-EDTA (1 mg/mL of blood) for hematological parameters, and rest of 7 mL was transferred to plain vacutainer for serological evaluation. Centrifugation will be done at 3000 rpm for 15 min for serum separation.
[bookmark: _Toc185504570]Hematology
Haemological indices such as packed cell volume (PCV), leucocyte differential counts, white blood cell counts, red blood cell counts, and haemoglobin concentration counts were calculated. The mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC) are among the erythrocyte indices that were calculated using the standard equations of Ware (2020), as follows:




[bookmark: _Toc185504571]Serum Biochemical Analysis
[bookmark: _Toc185504572]Total protein, albumin and globulin
The method of Baker and Silverston (1985) was used to determine the serum protein and albumin; globulin was also be estimated by deducting the albumin value from the total protein value (Baker and Silverston 1985). Sigma assay kits (Sigma Chemical Co. St. Louis, Missouri, USA) was used to analyze the serum's total protein, albumin, and globulin levels. The biuret method was used to determine the serum albumin and total serum protein levels (Bush, 1991). After estimating the total serum protein, globulins were precipitated out of the sample by performing fractionation on a larger amount; only albumin will remain in solution (Bush, 1991).
[bookmark: _Toc185504573]Liver function test
Using automatic biochemical analyzer (Humalyzer-3000, USA) serum samples was used to estimate urea, triglyceride, cholesterol, albumin, glucose, total protein (TP), alanine aminotransferase (ALT), and aspartate transaminase (AST). While globulin concentration was determined by the difference between TP and albumin. Albumin/globulin ratio was calculated by dividing albumin by the calculated globulin values. Alkaline phosphatase (ALP) activities were determined using spectrophotometric methods, as described by Ni et al., (2019). Total bilirubin was determined using techniques described by Kundrapu and Noguez, (2018). Electrolyte determination was done by methods described by Injeti et al. (2021). 
[bookmark: _Toc185504576][bookmark: _Toc185504574]Serum urea
The serum urea estimation will be carried out by the diacetyl monoxime. Here the protein was also first precipitated by trichloroacetic acid. The urea in the filtrate was then reacting with diacetyl monoxime in the presence of acid, oxidizing reagent and thiosemicarbazide to give a coloured solution. This was then being measured in a photoelectric colorimeter at a wavelength of 520 nm.
Urea concentration (mmol/l) = .
Where: At = Absorbance of the taste sample and Ar = Absorbance of the reference sample
[bookmark: _Toc185504577]Serum cholesterol
This was determined by the colorimetric enzyme method. The method involves enzymatic hydrolysis and oxidation which terminates in the production of a red coloured solution. The concentration was determined after reading the colorimeter at 546 nm.
[bookmark: _Toc183260881][bookmark: _Toc185504575]Electrolytes
Sodium (Na+) 
[bookmark: _Toc183260882]Sodium was determined by The Ion-Selective Electrode (ISE) method which measures the concentration of sodium ions in serum by using a selective membrane that responds to the activity of sodium ions. 
Potassium (K+)
Potassuum was determined using Ion-Selective Electrode (ISE) method which measures the concentration of potassium ions in serum by using a selective membrane that is responsive to the activity of potassium ions. The potential difference generated by the interaction of potassium ions with the membrane is proportion. The Ion-Selective Electrode (ISE) method measures the concentration of potassium ions in serum by using a selective membrane that is responsive to the activity of potassium ions.
[bookmark: _Toc185512283]Stress biomarkers
Cortisol	
Just prior to the slaughter, 10 mL of blood was drawn from the jugular vein and placed in heparinized vacuum tubes to measure plasma cortisol levels. A competitive enzyme immunoassay kit for cortisol measurement (Radim, Pomezia, Italy) was used to measure the levels of hormones. 
Prolactin
The automated immunoassay technique was used to measure the quantities of prolactin (Saleem et al., 2018). Demeditec Diagnostic GmbH (Kiel, Germany) created the prolactin ELISA kit, an enzyme immunoassay for the detection of ovine prolactin in serum, which was employed in this investigation.
Thyroid hormones triiodothyronine (T3) and thyroxine (T4)
Total T3 and T4 concentrations in blood serum were measured by Imx-Abbott immunoanalyser employing triplicate measurements with commercial kits intended for clinical use in humans (Abbott Laboratories, USA). MEIA (Microparticle Enzyme Immunoassay) and FPIA (Fluorescence Polarization Immunoassay) were the techniques used to determine T3 and T4. The assay's sensitivity was between 0.4 and 12.8 nmol/L (T3) and T4). 98.6% was the mean recovery rate.
Antioxidative activity
Using commercially available kits (Sigma-Aldrich, St. Louis, MO, USA), a UV spectrophotometer (T60; PG Instruments, Lutterworth, Leicestershire, UK) was used to measure the total antioxidant capacity (TAC), superoxide dismutase (SOD), and glutathione peroxidase (GPx) in serum.
[bookmark: _Toc185512284]3.5.2 Determination of Stress Indicator
Every week, the features of stress indicators were measured twice a day, at 8 a.m. and 3 p.m. The following stress indicators were assessed: 
Pulse rate: A stethoscope was inserted into the animal's left thoracic cavity, and a stop watch was used to count the beats per minute. According to Moll et al. (2019), non-invasive techniques like photoplethysmography were also used to measure heart rate. With photoplethysmography, blood volume variations in peripheral tissues, such the ear or paw, were measured in relation to the cardiac cycle.
Respiratory rate: The respiratory rate of an animal was ascertained through a remote physical examination and a tally of its body's contractions and relaxations during gas exchange with its surroundings. That is, a stopwatch set for one minute recorded the animal's chest movement and counted it. According to Moll et al. (2019), non-invasive techniques like photoplethysmography were also used to measure heart rate. With photoplethysmography, blood volume variations in peripheral tissues, such the ear or paw, are measured in relation to the cardiac cycle.
Rectal temperature: A clinical thermometer was used to measure this. After the animal was kept under little stress, a clinical thermometer was carefully put into its rectum for two minutes, during which time the animal's temperature was recorded. Infrared thermography was another method that was used to monitor rectal temperature, according to Passantino et al. (2017). Using information from the animal's skin surface temperature surrounding the anus, infrared thermography offers a non-invasive method of estimating rectal temperature.
Coefficient of Adaptability was calculated using Benezra equation below
CA = RT/39.1 + RR/27
Where: CA = adaptability coefficient
RT = rectal temperature in oC
RR = respiratory rate per minute
39.1oC = normal mean rectal temperature for sheep
27 = normal mean respiratory rate for sheep.
Value closer to 10 indicated a better adapted animal
Data Analysis 
Data generated on hematology and serum biochemistry was subjected to analysis of variance using SPSS. The Least significant difference (LSD) test was used to separate the means where significant differences exist at 5% level of significant. In addition, mean values for heamatology and biochemical parameters will be compared between the treatments and normal range.
[bookmark: _Toc185504580]RESULTS AND DISCUSSION
[bookmark: _Toc185504581]Haematology of Uda rams fed Selenium supplements
The result of the haematological profile of Uda rams fed Selenium supplements is presented in the Table 2. The result shows significant difference (P<0.05) in RBC, PCV, MCV, MCH, WBC, monocytes, lymphocytes and eosinophil across the treatments, while haemoglobin and MCHC were similar (P<0.05) across the treatments.
Table 2:  Haematological profile of Uda rams fed Selenium supplements with different mode
	
	
	
	Treatments
	
	

	parameter 
	Cont
	SEF (12 g/kg)
	SEW (12 g/kg)
	SEM
	Ref range

	Haemoglobin
	8.47
	8.70
	8.93
	0.15
	9-15

	RBC(x106u/l)
	8.67b
	11.15a
	12.31a
	0.23
	9-15

	PCV (%)
	24.67 b
	25.67 b
	28.67 a
	0.78
	27-45

	MCH(pg)
	10.33a
	7.81b
	7.26b
	0.34
	9-15

	MCV(fl)
	30.67 a
	23.04b
	21.93b
	0.57
	28-40

	MCHC(g/dL)
	33.20
	33.92
	33.08 
	0.39
	31-34

	WBC(x109/L)
	5.33b
	10.41a
	9.85a
	1.36
	4-12 

	Monocytes (x109/L)
	0.67 a
	0.13 b
	0.05b
	0.08
	0-0.8

	Lymphocytes (x109/L)
	1.33 b
	5.23a
	3.77a
	0.63
	2-9.0

	Eosinophil (x109/L)
	0.83a
	0.67b
	1.03a
	0.10
	0-1.0


a and b means in the same row with different superscripts are significantly (P<0.05) different. PCV- Packed cell volume, RBC- Red blood cells, MCV- Mean corpuscular volume, MCH- mean corpuscular hormones, MCHC- mean corpuscular hormones concentration.

RBC was significantly higher in the treatments supplemented with 12 g/kg selenium in feed and 12 g/kg selenium in water of selenium compare to the control, the values of RBC of rams in the control is below the normal reference range. PCV was significantly higher (P<0.05) in the treatment supplemented with 12 g/kg selenium in water of selenium compared to the control and the treatment supplemented with 12 g/kg selenium in feed. Eosinophil values were higher in the control and the treatment supplemented with 12 g/kg selenium in water compared to the treatment supplemented with 12 g/kg selenium in feed. MCV, monocytes and MCH were higher in the control, WBC and lymphocytes were significantly higher in the treatments supplemented with 12 g/kg selenium in feed and 12 g/kg selenium in water of selenium than the control. 
The haemoglobin value obtained in this study was slightly lower than the reference value (9-15) across all the treatments. The consistent haemoglobin levels across treatments indicate that while selenium supplementation positively affects other haematological parameters, it does not significantly alter haemoglobin concentration within the studied range. Normally, an increase in haemoglobin concentration is connected with a better ability to combat disease and infection. Meanwhile, low level is an indication of vulnerability to disease and poor nutrition (Tambuwal et al., 2002).
Selenium is known to be an essential trace element that supports various physiological functions, including immune response and antioxidant defense mechanisms. The RBC and PCV recorded were within the reference range of 9-15 and 72-45 respectively, the increase in RBC and PCV in the treatment supplemented with selenium may suggests enhanced erythropoiesis, erythropoiesis is crucial for improving oxygen transport and overall metabolic functions in ruminants (Harvey, 2008). Selenium supplementation can lead to improved blood parameters in livestock (Kumar et al., 2008).
The study also noted that MCV, MCH, and monocyte levels were higher in the control group compared to the selenium-supplemented groups and the values obtained are lower than the reference values. This finding may indicate a potential alteration in red blood cell morphology due to selenium supplementation and this may suggest that selenium do not improve the MCH, MCV and monocytes. While selenium can enhance certain aspects of blood health, excessive supplementation may lead to imbalances (Shi et al., 2018). The MCHC recorded were similar across the treatment group and the values observed in this study (33.08 - 33.92) is in line with the reference value (31-34) reported by Elmhurst et al. (2002).
The WBC values observed for this study (5.33 – 10.41) were within the reference range 4 – 12 (Elmhurst et al., 2002). A white blood cell count higher than the normal range might be caused by infections, immune system disorders, or stress, while a lower number of WBC than the normal range may be due to bone marrow deficiency, failure, disease of the liver or spleen, radiation therapy, or exposure (Farkas, 2020). The result shows that the animals supplemented with selenium have a high level of WBC counts compared to the control, this might be due to the action of the selenium supplement, Soetan and Oyewoye (2009) reported that animals having higher WBC counts within the reference range are capable of generating antibodies in the process of phagocytosis, have a high degree of resistance to diseases. It can also enhance adaptability to local environmental and disease-prevalent conditions (Issac et al., 2013). The lymphocytes values recorded were within the reference value (2.0-9.0) across the treatments. Furthermore, the significant increase in lymphocytes of the rams in the treatment supplemented with 12 g/kg selenium in feed g/kg of selenium highlights selenium's role in bolstering immune responses. Selenium is a critical component of selenoproteins that contribute to immune function and antioxidant protection against oxidative stress (Solovyev, 2015).  The reported eosinophil levels are within the reference range (0-1.0) and the slightly higher value in both the control and high-selenium groups could suggest an immune response to stressors or allergens present in the environment or diet as reported by Ramirez et al. (2018).
[bookmark: _Toc185504582]Serum biochemistry of Uda rams fed levels of selenium supplement
The result of the serum biochemistry profiles of the Uda rams fed selenium supplement is presented in the Table 3. The result shows significant difference (P<0.05) in albumin, HDL, LDL and cholesterol, while in globulin and total protein were similar (P<0.05) across the treatments group.
Table 3: Serum biochemistry of Uda rams fed levels of selenium supplement
	
	
	
	Treatments
	
	

	Serum components 
	Cont
	SEF (12 g/kg)
	SEW (12 g/kg)
	SEM
	Ref range

	Albumin(g/dl)
	2.60b
	3.30a
	3.70a
	0.25
	2.0 – 4.3

	Globulin (g/dl)
	3.77
	3.30
	2.40
	0.48
	2.0-3.5

	Total protein(g/dl) 
	6.34
	6.60
	6.10
	0.31
	6.0 - 7.9

	Sodium
	146.33
	132.37
	131.00
	2.21
	135 – 145

	Potassium
	4.53
	5.18
	5.83
	0.15
	3.5 – 5.5

	HDL (mmol/L)
	57.67a
	48.00b
	52.00a
	1.53
	2.6 - 48

	LDL (mmol/L)
	36.67a
	29.33b
	29.67b
	0.89
	4.3 - 29

	Cholesterol (mmol/L)
	1.73a
	1.12b
	1.20b
	0.06
	1.05 -1.55


a and bmeans in the same row with different superscripts are significantly (P<0.05) different. LDH - low density, lipoprotein, HDL- high density lipoprotein

HDL and LDL were higher in the control treatment and the treatment supplemented with 12 g/kg selenium in water of selenium, albumin was significantly higher (P<0.05) in the treatments supplemented with 12 g/kg selenium in feed and 12 g/kg selenium in water of selenium than the control. Though there was no significant difference in the LDL values of the two selenium supplemented treatments, while cholesterol was higher in the control treatment only. 
The result also shows that the albumin obtained in the study is within the normal reference value (2.0–4.3). The increase in albumin levels in the selenium-supplemented groups suggests an enhancement in liver function and protein synthesis, as albumin is a key protein produced by the liver that plays a vital role in maintaining oncotic pressure and transporting various substances in the blood (Dewangan, 2020). This finding aligns with previous studies of Zheng et al. (2022) that have shown selenium's role in improving liver health and function, particularly under conditions of oxidative stress.
Sodium values did not differ significantly (p>0.05) among treatment groups, with the values of the treatments supplemented with 12 g/kg selenium in feed and 15mg/kg selenium falling below the reference range and control values being slightly above the reference range. Likewise, Potassium do not show significant difference (p>0.05). Although, the treatment having15mg/kg supplement had slightly higher values (5.83) above the reference range.
The absence of significant differences in globulin and total protein indicates that while selenium affects specific serum proteins, it does not alter overall protein synthesis significantly. Meanwhile, the obtained values (6.0 - 7.9) for total protein across the treatment group are within normal reference range. Garba (2014) reported that total protein within the normal range is an indication that protein synthesis is adequate. Serum total protein is the indirect indices to access nutritional protein adequacy in farm animals. (Wolfe et al., 2016)
The value of high-density lipoprotein (HDL) and low-density lipoprotein (LDL) were not within the normal range 2.6 - 48 mmol/L and 4.3 – 29 mmol/L respectively except for selenium in feed (48mmol/L) in HDL and selenium in feed (29.33) in LDL which are absolute maximum reference range values. The LDL carried cholesterol, which is known as bad cholesterol because it delivers the blood cholesterol throughout the body depositing it as tile in the arterial walls resulting in Atherosclerosis (Go & Mani, 2012). On the other hand, HDL cholesterol is known as the good cholesterol because it transports cholesterol from the body tissue back to the liver which turns it to bile and is excreted via the gastrointestinal tract (Adeniyi et al., 2016). The result of HDL and LDL result obtained in the report are extremely higher than the normal reference range. Problem may arise when the LDL cholesterol becomes elevated and the HDL cholesterol become too low, when cholesterol is consumed in excess it elevated total cholesterol (TC) to a high level which many people always desire to consume less cholesterol in their diet (Adeniyi et al., 2016).
The higher cholesterol level (1.73) observed solely in the control group is higher than the reference value (1.05 -1.55) and those obtained in the treatments supplemented with selenium are within the reference range. This difference may be as a result of feeding material used and it could imply that selenium supplementation may help regulate cholesterol metabolism. High level of blood cholesterol may result in its deposition on the wall of the blood vessels and myocardial infarction (Upadhyay, 2023). As reported by Nido et al., (2016), selenium can influence lipid profiles by modulating enzymes involved in lipid metabolism.
Stress Biomarkers of Uda Rams Supplemented with Selenium in Feed and Water
Table 4 shows the result of stress biomarkers of Uda rams supplemented with selenium via different route. The result showed significant difference (p<0.05) in T3, MDA, TAC and SOD, while in cortisol, prolactin & T4 were similar between the treatment groups (p>0.05)
Table 4: Stress biomarkers and anti-Oxidative activities 

	Stress Biomarker
	Control
	SEF (12 mg/kg)
	SEW (12 mg/L)
	SEM
	Reference Value*

	Cortisol (nmol/L)
	55.333
	52.667
	57.333
	2.016
	42–82

	Prolactin (ng/mL)
	36.000
	44.333
	40.333
	2.512
	2–18

	Triiodothyronine (ng/mL)
	1.467ᵃ
	2.100ᵇ
	1.800ᵃᵇ
	0.097
	0.2–4.3

	Thyroxine (µg/dL)
	84.333
	71.667
	73.000
	3.500
	2–5

	MDA (nmol/L)
	2.863ᵃ
	1.840ᵇ
	1.840ᵇ
	0.058
	0.2–2

	TAC (nmol/L)
	1.543ᵃ
	1.317ᵇ
	1.343ᵇ
	0.020
	1.0–2.5

	SOD (U/mL)
	0.680ᵃ
	0.593ᵃᵇ
	0.447ᵇ
	0.045
	0.4–1.5


SEM= standard error of mean SEF= selenium in feed, SEW= selenium in water, MDA= Malondialdehyde, TAC= Total antioxidant capacity, SOD= Superoxide dismutase, *source = (Elmhurst et al., 2002)
Rams in control group had higher serum T3 compared to those supplemented with selenium in feed (p<0.05), but similar to those supplemented with selenium via water (p>0.05), at the same time T3 levels of rams supplemented with selenium in water and feed is also similar (p>0.05).
  The result also showed that MDA and TAC levels in serum of rams in control was higher (p<0.05) compared to those found in the serum of rams supplemented with selenium via feed and water which the levels were similar between the rams in the two groups (p>0.05), then T4 in control significantly higher in level than selenium in water and feed. T4 is known to be a hormone that regulate metabolism and can be brought up under stress. However, the reduction in T4 in selenium group administered in water and feed respectively could indicate a beneficial effect of selenium supplementation in alleviating stress, functionally important for central nervous, thyroid function, and immunity which is similar to (Roman, 2014).
   MDA, a marker of oxidative stress, was significantly higher (p<0.05) in control groups and those supplemented with selenium via feed and water are similar (1.84; value in feed and water) and significantly lower compared to the control group which is (2.863). This align with antioxidant properties of selenium which helps in the reduction of oxidative damage (Flohe, 2007). 
    The result also shows that ram in control had higher level of serum SOD compared to those supplemented with selenium in water but the SOD levels of rams in control and those supplemented with selenium via feed are similar (p>0.05), at the same time SOD levels of rams supplemented with selenium in feed and water are also similar (p>0.05).
 The result shows no significant differences in cortisol, prolactin and T4 levels across the groups.
[bookmark: _Toc185512289]Stress indicators
The Table 5 presents stress indicators of Uda rams supplemented with selenium via different route. The result showed significant difference (p<0.05) in pulse rate and respiratory rate, while rectal temperature across all groups were similar.
Table 5: stress indicators
	Stress Indicator
	Control
	SEF (12 mg/kg)
	SEW (12 mg/L)
	SEM
	Reference Value*

	Rectal temperature (℃)
	39.600
	39.117
	39.585
	0.256
	38.5–40.0

	Pulse rate (beats/min)
	66.000ᵃ
	78.500ᵇ
	74.500ᵃᵇ
	2.580
	70–90

	Respiratory rate (breaths/min)
	42.700ᵃ
	29.933ᵇ
	35.500ᵇ
	1.771
	20–30


Values are mean±SEM= standard error of mean. Where SEF= selenium in feed, SEW= selenium in water, *source = (Elmhurst et al., 2002), 
The rectal temperature is higher in the control group (39.600), followed by the group with selenium supplemented in water (39.585) and the group with selenium supplemented in feed is the lowest (39.117). However, the values do not show any significant variation (p>0.05) thus, no statistical difference is observed between these groups. According to Rosen et al. (2019) found that supplementing selenium improves antioxidant capacity and stress responses but does not significantly influence rectal temperature in animals, as temperature regulation is influenced by external factors and is less sensitive to selenium's effects.
Pulse rate shows significant difference among the groups. The group supplemented with selenium via feed was significantly higher (78.500), followed by those with selenium supplemented in water (74.00) which is slightly higher than pulse rate of rams in the control group (66.000) which shows the lowest pulse rate. It shows significant difference (p<0.05) across the groups. These findings contradict Calamari et al. (2010) who found selenium supplementation can influence pulse rate, particularly under stress conditions.
The result also showed significant difference (p<0.05) in respiratory rate among groups. The control group (42.700) has higher respiratory rate compared to those in selenium supplement via feed and water. However, the group with selenium in water has a slightly higher rate (35.500) compared to those supplemented via feed (29.933) which has the lowest respiratory rate. The statistical analysis shows that there is significant difference (p<0.05) across the group. The result shows that the rate were similar among the rams in the group of selenium supplemented via feed and water with the same subscript ‘b’. The result aligns with Habibian et al. (2015) findings who found that selenium supplementation significantly reduced respiratory rates in heat-stressed livestock. Selenium enhanced antioxidant capacity, reducing heat stress effects, which indirectly stabilized respire   tory rates.


Conclusion
Selenium levels (12 g/kg selenium in feed g/kg and 12 g/kg selenium in water) can enhance certain blood parameters, suggesting potential benefits for the overall health and productivity of Uda rams. Selenium supplementation helped to mitigate oxidative stress, which is crucial for maintaining overall health and performance in livestock.
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