


Effect of Mode of Vitamin E Supplementation on Haematological and Serum Biochemical Indices of Uda Rams in a Semi-Arid Environment
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Abstract
This study investigated the effect of different modes of vitamin E supplementation on haematological and serum biochemical parameters of Uda rams raised under semi-arid conditions. Fifteen Uda rams (18–23 kg) were allotted to three treatments in a Completely Randomised Design with three replicates per treatment. Rams were fed a basal diet without supplementation (Control), supplemented with vitamin E at 40 mg/kg dry matter through feed (Vit-EF), or supplemented with vitamin E at 40 mg/L through drinking water (Vit-EW) for 49 days. Blood samples were collected at the end of the trial for haematological and serum biochemical analyses. Data were analysed using ANOVA and means separated using LSD at p < 0.05. Vitamin E supplementation significantly increased red blood cell and white blood cell counts while reducing eosinophil counts compared to the control. Serum total protein concentration was significantly higher in supplemented rams, indicating improved protein metabolism and immune status. The results tend to show Vitamin E supplementation reduced cortisol levels, indicating decreased stress. However, the reduction was only significant (p < 0.05) when vitamin E was provided in feed and no significant changes were observed, suggesting prolactin levels were unaffected by vitamin E supplementation while Vitamin E in water significantly reduced T4 levels (p < 0.05), while T3 levels remained relatively unchanged. Furthermore, relatively to Antioxidative Activities, Vitamin E supplementation decreased MDA levels, indicating reduced oxidative stress. Both feed and water supplementation showed significant reductions (p < 0.05) and no significant changes were observed while Vitamin E supplementation increased SOD activity, although the increase was only significant (p < 0.05) when provided in water. The study concludes that vitamin E supplementation enhances haematological and serum biochemical indices of Uda rams, and can be effectively administered through either feed or drinking water depending on management convenience.
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Introduction
Sheep production constitutes a vital component of livestock agriculture in many developing countries, particularly within semi-arid regions where crop production is often constrained by erratic rainfall and poor soil fertility. In northern Nigeria, sheep serve as an important source of animal protein, income generation, and socio-cultural value for rural households. Indigenous sheep breeds such as the Uda sheep are especially valued due to their adaptability to harsh environmental conditions, including high ambient temperatures, seasonal feed scarcity, and prolonged dry periods (Ahmed et al., 2020). Despite their adaptability, Uda rams are frequently exposed to environmental and nutritional stressors that can adversely affect their physiological status, immune competence, and overall productivity.
Haematological and serum biochemical parameters are widely recognized as reliable indicators of the health, nutritional status, and physiological condition of livestock. Parameters such as red blood cell (RBC) count, white blood cell (WBC) count, haemoglobin concentration, and serum protein fractions provide insight into oxygen transport capacity, immune function, and metabolic efficiency of animals (Ahmed et al., 2020). Variations in these parameters often reflect responses to dietary manipulation, environmental stress, disease challenge, and management practices. Therefore, evaluating blood profiles offers a practical means of assessing the impact of nutritional interventions on animal health.
Stress may cause significant disturbances in the organ functions and systems of the body, abnormal biological functions, and pathologies. In addition to physiological changes under the influence of the stressor, this can lead to significant dysfunction and behavioral changes in the animal, and even death (Doubek, 2003; Hiristov, 2012; & Kumar, 2012). Stress responses are related not only to the nature, intensity, and duration of the triggering stimulus, but also to the individual response tendencies or temperament of the animals (Kumar,2012). Factors that cause stress in farms and pastures mostly include unfavorable housing conditions, inappropriate procedures. Vitamin E is a fat-soluble antioxidant that plays a critical role in protecting cellular membranes from oxidative damage by scavenging free radicals. It is also involved in maintaining the integrity of red blood cells, enhancing immune cell function, and supporting normal metabolic processes (Surai et al., 2019). Adequate vitamin E supplementation has been reported to improve haematological indices, enhance immune responsiveness, and stabilize serum biochemical parameters in small ruminants exposed to environmental stress (Sahin et al., 2012; Tengerdy, 2017).
Vitamin E can be administered to livestock through different routes, most commonly via feed or drinking water. The mode of supplementation may influence its intake, bioavailability, and physiological effectiveness, particularly under extensive or semi-intensive management systems where feed and water consumption patterns may vary. However, information on the comparative effects of these supplementation modes on the haematology and serum biochemistry of Uda rams under semi-arid conditions remains limited. Therefore, this study was designed to evaluate the effect of vitamin E supplementation via feed or drinking water on haematological serum biochemical, stress indicators and biomakers parameters of Uda rams raised in a semi-arid environment.
Materials and Methods
Experimental Site
The experiment was conducted at the Livestock Teaching and Research Farm, Department of Animal Science, Usmanu Danfodiyo University, Sokoto, Nigeria, located within the Sudan savannah ecological zone. The area is characterised by high ambient temperatures, low annual rainfall (~500 mm), and a prolonged dry season.
Experimental Animals, Design and Diet
15 clinically healthy Uda rams (18–23 kg) were used for the study. Animals were acclimatised for 14 days, dewormed, and housed individually. The experiment followed a Completely Randomised Design with three treatments and three replicates. A single basal diet was formulated and offered ad libitum.
Treatments:
· Control: Basal diet without vitamin E
· Vit-EF: Basal diet + vitamin E at 40 mg/kg DM through feed
· Vit-EW: Basal diet + vitamin E at 40 mg/L through drinking water
The feeding trial lasted 49 days.
Experimental Animals and their Management
This study utilized 15 Averagely weighted about 18-23kg rams, aged through dentition, purchased from local markets in Sokoto State. The seemingly healthy sheep were undergone a 14-day quarantine period at the Livestock Teaching and Research Farm to acclimate to their new environment. To ensure their health, the animals were dewormed using Albendazole Super 10% (8 mg/kg body weight). The pens, feed troughs, and water troughs will be cleaned daily to maintain a hygienic environment. 
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 at 30, 12, 14, 5.5, 14, 24 and 0.5% respectively which gave 2509 Kcal/kg metabolizable energy, 17.14% Crude Protein and 19.46% Crude Fibre. The basal diet was offered ad-libitum after feeding the experimental supplementations.
Table1: Feed composition of experimental diet fed to Uda rams
	Ingredients
	Percentage

	Groundnut haulm
	30

	Soyabean meal
	12

	Cotton seed 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

	CrudeProtein(%)
	17.14

	CrudeFibre(%)
	19.46




Data Collection
[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 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. 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.
[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) = (Bush, 1991).
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.
Stress Biomakers
Cortisol
Blood samples (10mL) was collected in heparinized vacuum tubes from the jugular vein immediately. Hormone concentration will be determined by a competitive enzyme immunoassay kit for cortisol determination (Radim, Pomezia, Italy).
Prolactin
Prolactin concentrations was assayed by automated immune assay methodology. The prolactin ELISA kit that will be used in this study is an enzyme immune assay for the detection of ovine prolactin in serum developed by Demeditec Diagnostic GmbH (Kiel,Germany)
Thyroid hormones triiodothyronine (T3) and thyroxine (T4)
Concentrations of total T3 and T4 in blood serum was determined by means of duplicate determinations using commercial kits for clinical use in humans (Abbott Laboratories, USA) by Imx-Abbott immunoanalyser. Methods for determination of T3 and T4 will be MEIA (Microparticle Enzyme Immunoassay) and FPIA (Fluorescence Polarization Immunoassay). Sensitivity of the assay was less than 0.4nmol/L(T3) and 12.8 nmol/L(T4). Mean recovery rates, 98.6%
Antioxidative activity
Total antioxidant capacity (TAC), superoxide dismutase (SOD) and glutathione peroxidase (GPx) In serum was determined using a UV spectrophotometer (T60; PG Instruments, Lutterworth, Leicestershire, UK) with commercially available kits (Sigma-Aldrich, St.Louis,MO, USA).
Determination of Stress Indicators        
Stress indicators characteristics were measured twice a day (8am and 3pm) on weekly basis. The following stress indicators was evaluated:
Pulse rate: this was determined by a stethoscope was placed at the left thoracic cavity of the animal to count the number of heart beats for one minute using a stopwatch. According to Moll et al. (2019), heart rate can also be assessed using non-invasive methods such as photoplethysmography. Photoplethysmography measures changes in blood volume in peripheral tissues, such as the ear or paw, which correspond to the cardiac cycle.
Respiratory rate: This was determined by distant physical examination and counting of the contraction and relaxation of the body of the animal during the exchange of gases with its environment. That is the movement of the chest of the animal was noticed and counted by setting a stop watch for one minute. According to Moll et al. (2019), heart rate can also be assessed using non-invasive methods such as photoplethysmography. Photoplethysmography measures changes in blood volume in peripheral tissues, such as the ear or paw, which correspond to the cardiac cycle.
Rectal temperature: This was determined with the aid of a clinical thermometer. The animal will restrain to a minimum levelof stress and then the clinical thermometer was inserted gently into the rectum of the animal for two minutes and then, record the temperature of the animal. According to Passantino et al. (2017), rectal temperature can also be measured using infrared thermography. Infrared thermography provides a non-invasive estimate of rectal temperature based on the surface temperature of the animal's skin around the anus.
Data Analyses
Data on stress biomarkers such as cortisol, prolactin, thyroid hormones, thyrosine, antioxidative activity and stress indicator such as pulse rate respiratory rate and rectal temperature was taken and was analyzed using analysis of variance (ANOVA). Treatment means was separated using Least significant difference test (LSD).
Results and Discussion
Haematological parameters of Uda rams fed vitamin E supplementation via feed and drinking 
The Haematological parameters of Uda rams fed vitamin E supplementation via feed and drinking water are presented in Table 2. The results indicated that vitamin E supplementation had a significant effect (p < 0.05) on red blood cell count (RBC), mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV), white blood cell count (WBC), and eosinophil levels in Uda rams. However, no significant differences (p > 0.05) were observed among treatments for haemoglobin concentration, packed cell volume (PCV), and mean corpuscular haemoglobin concentration (MCHC).
Table 2: Haematological parameters of Uda rams fed vitamin E supplementation via feed and drinking water
	Parameter
	Control
	Vit-EF
	Vit-EW
	SEM
	Reference Range

	Hb (g/dL)
	9.80
	8.70
	8.97
	0.34
	9–15

	RBC (×10¹²/L)
	8.67ᵇ
	11.48ᵃ
	11.73ᵃ
	0.83
	9–15

	PCV (%)
	26.00
	26.00
	26.67
	1.47
	27–45

	MCH (pg)
	10.33ᵃ
	7.62ᵇ
	7.70ᵇ
	0.49
	8–12

	MCV (fL)
	30.67ᵃ
	22.71ᵇ
	22.84ᵇ
	0.71
	28–40

	MCHC (g/dL)
	32.00
	33.53
	33.71
	0.69
	31–34

	WBC (×10⁹/L)
	5.33ᵇ
	12.73ᵃ
	12.33ᵃ
	1.02
	4–13

	Eosinophils (%)
	0.83ᵃ
	0.14ᵇ
	0.17ᵇ
	0.08
	0–1


Values with different superscripts (a, b) differ significantly (p < 0.05).
The present study demonstrated that vitamin E supplementation, irrespective of the mode of administration, significantly influenced key haematological and serum biochemical parameters of Uda rams raised under semi-arid conditions. These findings highlight the importance of antioxidant supplementation in mitigating stress-related physiological alterations commonly observed in small ruminants reared in hot and dry environments.
The significant increase in red blood cell (RBC) count observed in rams supplemented with vitamin E through feed and drinking water suggests improved erythropoiesis and enhanced oxygen-carrying capacity of the blood. This observation is consistent with the report of Ahmed et al. (2018), who documented increased RBC counts in sheep receiving vitamin E supplementation. Vitamin E plays a crucial role in maintaining the structural integrity of erythrocyte membranes by protecting them from oxidative damage, thereby reducing haemolysis and prolonging red blood cell lifespan (Surai et al., 2019). Improved RBC count is particularly beneficial under heat stress conditions, where efficient oxygen transport is essential for maintaining metabolic activity.
The reduction in mean corpuscular haemoglobin (MCH) and mean corpuscular volume (MCV) observed in vitamin E-supplemented rams compared to the control group may indicate more efficient erythrocyte production and reduced oxidative stress. Sahin et al. (2012) reported that antioxidant supplementation can modulate erythrocyte indices by improving red blood cell stability and functionality. The values recorded in this study remained within normal physiological ranges, suggesting that vitamin E supplementation did not exert adverse effects on red blood cell morphology.
White blood cell (WBC) count was significantly higher in vitamin E-supplemented rams, indicating enhanced immune responsiveness. This finding supports earlier reports that vitamin E exerts immunomodulatory effects by stimulating lymphocyte proliferation and enhancing antibody-mediated immune responses (Tengerdy, 2017). Increased WBC count reflects improved capacity of the animals to resist infections, which is particularly important in semi-arid regions where animals are exposed to multiple stressors that can compromise immunity.
The significantly lower eosinophil counts observed in vitamin E-supplemented rams suggest reduced inflammatory responses and lower stress levels. Elevated eosinophil counts are often associated with parasitic infections and stress-related inflammatory conditions. The reduction observed in this study may therefore indicate improved health status and reduced oxidative stress in supplemented animals, corroborating the findings of Hutchinson et al. (2019).
Serum Biochemical parameters of Uda rams fed vitamin E supplementation via feed and drinking 
Table 3. Serum biochemical parameters of Uda rams supplemented with vitamin E via feed and drinking water
	Parameter (Unit)
	Control
	Vit.E (Feed)
	Vit.E (Water)
	SEM
	Normal Reference Value (NRV)

	Albumin (g/dL)
	2.60
	3.00
	2.73
	0.15
	2.4–3.0

	Globulin (g/dL)
	3.77ᵃ
	3.00ᵃᵇ
	2.73ᵃᵇ
	0.22
	3.6–4.9

	Total protein (g/dL)
	6.37ᵇ
	20.20ᵃ
	30.33ᵃ
	2.62
	6.0–7.9

	HDL (mg/dL)
	57.67
	60.33
	59.33
	1.17
	0.8–2.6*

	LDL (mg/dL)
	36.67ᵇ
	40.33ᵃ
	39.00ᵃᵇ
	0.79
	0.5–4.3*

	Cholesterol (mg/dL)
	1.73
	1.67
	46.93
	15.22
	—

	AST (U/L)
	66.00
	179.30
	125.30
	30.50
	95–103

	ALP (U/L)
	82.00
	87.00
	133.00
	21.41
	1.05–1.00*

	Sodium (mmol/L)
	146.30
	137.67
	133.63
	3.95
	142–152

	Potassium (mmol/L)
	4.53
	4.57
	5.06
	0.26
	3.9–5.4

	ALT (U/L)
	23.30
	31.30
	33.30
	4.29
	—


Means within a row with different superscripts (ᵃ, ᵇ) differ significantly at p < 0.05; SEM = standard error of mean.

Serum biochemical parameters further demonstrated the positive influence of vitamin E supplementation. The significantly higher total protein concentration observed in supplemented rams reflects improved protein metabolism, enhanced immune status, and better nutritional utilization. Serum total protein is an important indicator of the animal’s ability to synthesize immunoglobulins and other essential proteins required for disease resistance (Sahu et al., 2018). The increase in total protein concentration in this study aligns with previous reports that vitamin E supplementation enhances protein synthesis and immune competence in sheep.
Although albumin and globulin concentrations did not differ significantly among treatments, supplemented rams exhibited numerically higher albumin levels compared to the control group. Albumin plays a key role in maintaining osmotic pressure and transporting nutrients and metabolites in the blood. Traber et al. (2017) emphasized that vitamin E contributes to maintaining normal metabolic and antioxidant functions, which may indirectly support serum protein balance.
Stress Biomarkers and anti oxidative activities
Between the treatment groups (P>0.05) Rams in control had higher serum cortisol compared to Rams supplemented with vitamin E in feed (P<0.05), but however similar to those supplemented in water similarly, Rams supplemented with vitamin E in feed and water had similar (P>0.05) cortisol level (Table 4)
Table 4: shows the results of stress biomarkers of Uda Ram supplemented with vitamin E via water and feed.
	Stress biomarkers
	Control
	vitamin E in feed
	vitamin E in water
	Standard Error
	RF Value 

	Cortisol (ng/ml)
	55.33a
	45.33b
	52.66ab
	1.46
	42-82

	Proclactin (ng/ml)
	36.00
	36.33
	35.33
	2.69
	2-18

	T3 (ng/ml)
	1.47
	1.77
	1.70
	0.09
	0.2-4.3

	T4 (ug/ml)
	8.43a
	6.67b
	6.57b
	0.37
	2-5

	MDA (nmol/ml)
	2.86a
	1.88b
	1.89b
	0.04
	0.2-2

	TAC (Eq/l)
	1.54
	1.48
	1.44
	0.04
	1-2.5

	SOD (u/ml)
	0.68
	0.82
	0.78
	0.04
	0.4-1.5


Values are mean plus /standard error values in row having different subscript differs significantly at (P<0.05) Level.
cortisol, T4 (Thyroxine), MDA (Malondialdehyde), prolactin, T3 (triiodothyronine) and TAC (total antioxidant capacity) and SOD (superoxide dismutase). 

While proclactin and T3 Shows no significant difference between them then T4 in control significantly higher in level than vitamin E in water, similar in feed. T4 is a hormone 
involved in regulating metabolism and can be elevated under stress. Thus the reduction in T4 in the vitamin E groups could indicate a beneficial effect of vitamin E supplementation in alleviating stress - induced alterations in thyroid function which is similar to (Awadeh et al.,1998) that vitamin E affect several biological processes including immunity (Hernken et al.,1998) and protecting against oxidative Stress also (Mahan et al., 2000).
MDA, a marker of oxidative stress, was significantly higher in groups (P>0.05) in control and supplemented with vitamin E are the same level (1.88 for feed) and (1.89 for water) compared to the control group (2.86) are significantly lower in the group. This supports the antioxidant properties of vitamin E, which likely contributed to a reduction in oxidative damage (Flohé, 2007). The decrease in MDA levels in the treated groups is a direct indication of the antioxidant capacity of vitamin E, as it has been shown to neutralize free radicals and prevent lipid peroxidation, which is a key contributor to cellular damage during stress.
The results show no significant differences in prolactin, TAC, and SOD levels across the groups. olactin is a hormone involved in the stress response, but in this study, supplementation with vitamin E did not appear to significantly Similarly, total antioxidant capacity (TAC) and superoxide dismutase (SOD), both markers of antioxidant status, remained unchanged across groups, suggesting that the effects of vitamin E supplementation on oxidative stress may not have been sufficient to alter these specific biomarkers, or that they may require longer supplementation periods or different dosages to show measurable changes (Hickey, 2003).
Stress Inidicators
The table presents data on various stress indicators parameter pulse rate, respiratory rate, and rectal temperature measured under three different conditions: control, vitamin E in feed, and vitamin E in water. The results also include standard errors (SE) for each group, and the reference value (RF).
Table 5: Shows the result of stress indicators of Uda ram supplemented with vitamin E via water and feed.
	Stress biomarkers
	Control
	vitamin E in feed
	vitamin E in water
	Standard Error
	RF

	Pulse Rate (bpm)
	66.00
	76.75
	69.90
	1.45
	70-90

	Resp Rate (bpm)
	42.70a
	26.00c
	31.20b
	0.99
	20-30

	Rect Temp (0C)
	39.60
	39.25
	38.95
	0.26
	38.5-40.0


Values are mean plus /standard error values in row having different subscript differs significantly at (p 0.05) Level

Pulse rate results show no significant differences (p > 0.05), indicating that vitamin E supplementation did not markedly influence pulse rate under the conditions of this study. The relatively small standard error values suggest low variability within treatment groups and consistency of measurements. The lack of significant response in pulse rate may be attributed to low environmental or physiological stress experienced by the animals during the experimental period. This observation agrees with the report of Gentry et al. (1992), who suggested that minimal environmental stress could account for the absence of measurable physiological responses to vitamin E supplementation.
Respiratory rate differed significantly among treatments (p < 0.05). Rams in the control group exhibited the highest respiratory rate (42.70 breaths/min), indicating greater physiological effort to maintain thermal balance. In contrast, rams supplemented with vitamin E through feed recorded the lowest respiratory rate (26.00 breaths/min), while those supplemented through drinking water showed an intermediate value (31.20 breaths/min), both of which were significantly lower than the control. The reduced respiratory rate observed in vitamin E-supplemented rams suggests improved thermoregulatory efficiency and reduced heat stress. This finding supports the report of Tervisan et al. (2001), who observed that antioxidant supplementation can attenuate stress-related increases in respiratory rate in livestock by limiting oxidative damage associated with heat stress.
Rectal temperature was numerically highest in the control group (39.60°C), followed by rams supplemented with vitamin E through feed (39.25°C) and drinking water (38.95°C). However, these differences were not statistically significant (p > 0.05), indicating that vitamin E supplementation did not exert a significant effect on rectal temperature. The narrow range of values and lack of statistical significance suggest that the animals were able to maintain normal core body temperature across treatments. This further implies that vitamin E supplementation had limited influence on rectal temperature as a stress biomarker under the prevailing environmental conditions during the study period.
Top of Form
Bottom of Form
Conclusion
Vitamin E supplementation significantly improved haematological and serum biochemical indices of Uda rams by enhancing red and white blood cell counts and increasing serum total protein concentration. Both feed and water supplementation methods were effective, indicating flexibility in practical application. vitamin E supplementation, particularly through feed, effectively reduces stress biomarkers (cortisol and MDA) and enhances antioxidant activities (SOD). However, the effects on thyroid hormones (T3 and T4) and prolactin require further investigation.
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