


Serum biochemistry, lipid profile and serum antioxidant indices of rabbit does fed dietary supplementation of dried dates (Phoenix dactylifera) fruit meal



ABSTRACT
This study assessed the impact of dietary supplementation with dried date fruit meal (DDFM) on serum biochemical indices, lipid profile, and antioxidant status in rabbit does. A total of thirty-six female growing rabbits (8–10 weeks old) were randomly allocated to four dietary treatments containing DDFM at 0.00% (control), 0.50%, 1.00%, and 1.50%, respectively. The experiment followed a completely randomized design (CRD) with three replicates per treatment and lasted for 24 weeks. Serum biochemical parameters, lipid profile, and antioxidant indices were analyzed post-experiment using standard laboratory procedures. Results revealed that total protein, albumin, and globulin concentrations were significantly higher (p<0.05) in the control group (T1) and declined with increased DDFM inclusion. However, urea, glucose, and liver enzyme activities (AST, ALT, and ALP) remained unaffected. Lipid profile analysis indicated significant reductions in total cholesterol and LDL levels in treatments receiving 1.00% and 1.50% DDFM, suggesting improved lipid metabolism. Antioxidant indices, including catalase (CAT), superoxide dismutase (SOD), and glutathione (GSH), exhibited significant increases in higher DDFM treatments, indicating enhanced oxidative defense. These findings suggest that while DDFM inclusion at higher levels may reduce serum protein indices, it enhances antioxidant status and improves lipid metabolism, making it a potentially beneficial feed additive for rabbit production.
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1. INTRODUCTION
Antioxidants are extensively investigated across various disciplines, including biology, medicine, food science, and nutrition (Kotha et al., 2022). These compounds mitigate or decelerate cellular damage induced by free radicals—unstable molecules generated in response to environmental and physiological stressors (Kotha et al., 2022). Oxidative stress arises from an imbalance between reactive oxygen/nitrogen species (ROS/RNS) and the body's antioxidant defense mechanisms, leading to pathological consequences when ROS/RNS exceed the system's neutralizing capacity (Kotha et al., 2022). Antioxidants exert a wide range of beneficial effects in various disease conditions, contributing to the prevention of disease onset. Antioxidant potential of dates has been attributed to their rich composition of phenolic compounds, including p-coumaric, ferulic, and sinapic acids, as well as flavonoids and procyanidins (Rahamani et al., 2014). Studies by Gu et al. (2003) and Hong et al. (2006) have identified thirteen flavonoid glycosides—such as luteolin, quercetin, and apigenin—at different maturity stages of date fruit. Additionally, the glucose content of dates ranges from 81.9% to 91.2% (Al-Tamim, 2014), with essential minerals such as Cu, Na, Ca, Mg, P, K, Zn, and Fe, which are vital for metabolic functions (Hafez & El-Sohaimy, 2010). Furthermore, date fruits provide significant amounts of vitamins (B1, B2, B3, B6, and C), dietary fiber (16.2%), protein (5.22%), carbohydrates (62.5%), and fats (8.49%) (Vyawahare et al., 2009). The protein content includes albumin, globulin, prolamin, and gluten, with soluble proteins constituting approximately 5–6%. The fatty acid profile encompasses capric, lauric, myristic, palmitic, stearic, linoleic, linolenic, and arachidonic acids (Boukouada and Yousfi, 2009). Additionally, dates exhibit high polyphenol levels (50.2 mg/g), primarily epicatechin and catechin, which contribute to their antioxidative properties (Saryono et al., 2016).
Date fruit works as an antioxidant to stop the chain reaction due to oxidative stress. The antioxidant content of the date fruit has been widely demonstrated (Nehdi et al., 2010; Saafi et al., 2011; Saryono et al., 2015, Saryono and Rahmawati, 2016). High polyphenol content in the date fruit (50.2 mg/g), especially epicatechin, and catechin determine antioxidant activity, both in vivo and in vitro. Thus, this study seeks to determine the influence of dried date fruit meal on the biochemical indices, lipid profile, and serum antioxidant activities in rabbit does.
2.	MATERIALS AND METHODS
2.1	Experimental Site
The research was carried out at the Rabbitry Unit of the Teaching and Research Farm, Department of Animal Science, University of Uyo, Akwa Ibom State. Uyo is situated at a latitude of 4º 591 to 5º 041 N and a longitude of 7º 531 to 8º 001 E, with an elevation of approximately 60.96 meters above sea level. The region exhibits a bimodal rainfall pattern with an average annual rainfall of 2190 millimeters and a mean relative humidity of 81% (Solomon et al., 2024).
2.2	Sourcing and Processing of Test Materials
Dried date palm fruits were procured from a local market in Itu Local Government Area, Akwa Ibom State. The fruits were subjected to air drying and subsequently milled using an electric grinding machine to obtain dried date palm fruit meal (DDFM).
2.3	Experimental Animals and Management
Thirty-six female growing rabbits aged between eight and ten weeks were utilized for the study. A two-week acclimatization period was implemented, during which the rabbits received a formulated ration. Subsequently, the rabbits were randomly assigned to four treatment groups, each receiving a diet containing varying levels of DDFM: 0.00% (control), 0.00%, 0.50%, 1.00 and 1.50%, respectively. Prior to the commencement of the experiment, prophylactic measures were taken to address internal and external parasites through subcutaneous administration of ivermectin injection (0.1 ml/rabbit). Additionally, a broad-spectrum antibiotic, Oxytetracycline L.A (0.2 ml/rabbit), was administered to minimize bacterial load. The rabbits were managed under intensive conditions and housed in wired wooden rabbit hutches within an open-ended rabbit house to ensure adequate ventilation. Throughout the 168-day (24-week) experimental period, the rabbits were provided with feed, water, and forages ad libitum. Weekly weights were taken to monitor growth progress.
2.4	Experimental Diets
Four experimental diets were formulated to contain varying levels of DDFM: 0.00% (control), 0.50%, 1.00%, and 1.50%, designated as T1, T2, T3, and T4, respectively. The control diet (T1) served as a baseline, containing no DDFM. 
  

  Table 1: Composition of Experimental Diet
	Ingredients 

	T1
(0.00% DDFM)
	T2
(0.50% DDFM)
	T3
(1.00% DDFM)
	T4
(1.50% DDFM)

	Maize
	45.00
	45.00
	45.00
	45.00

	Soybean cake 
	21.00
	21.00
	21.00
	21.00

	Wheat Offal                  
	17.10
	17.10
	17.10
	17.10

	Rice offal
	5.00
	5:00
	5:00
	5:00

	Palm Kernel Cake
	8.00
	8.00
	8.00
	8.00

	Bone meal
	3.00
	3.00
	3.00
	3.00

	Common salt
	0.25
	0.25
	0.25
	0.25

	Vit-Premix
	0.25
	0.25
	0.25
	0.25

	Lysine 
	0.20
	0.25
	0.25
	0.25

	Methionine 
	0.20
	0.25
	0.25
	0.25

	TOTAL
	100.00
	100.00
	100.00
	100.00

	
Calculated Composition

	
	
	

	Metabolizable Energy (Kcal/Kg)
	2806.30

	2806.30

	2806.30

	2806.30


	Crude Protein (%)
	17.15
	17.15
	17.15
	17.15

	Crude fibre (%)
	5.56
	5.56
	5.56
	5.56

	Ether Extract (%)
	6.87
	6.87
	6.87
	6.87
















DDFM: dried dates fruits meal
2.5	Experimental Design
A completely randomized design (CRD) was employed to allocate the four treatment groups to the respective experimental diets. Each treatment group consisted of three replicates, with each replicate comprising three rabbits. This resulted in a total of nine rabbits per treatment. The experimental feeding period for each replicate was twenty-four weeks (168 – days).
 The statistical model adopted was:
Yіј = μ+Tі +eіј
Where:
Yіј = single observation μ = overall mean
Tі = Treatment effect
eіј = Random error associated with the jth observation in the 
       ith  treatment
2.6	Data Collection
2.6.1	Serum Biochemistry
Blood samples (3ml) was collected from a random doe in each replicate using sterile needle and syringe through the external into labeled sterile universal bottles without anticoagulant for serum biochemical analysis. The parameters that were evaluated include blood glucose, total protein, albumin, globulin, urea, cholesterol, alkaline phosphatase (ALP), alanine amino transferase (AST) and Aspartate amino transferase (ALT). The levels of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) were determined using kinetic kits according to a method by Ahmed (2010); moreover, protein concentration was determined using a method by Pilaski (1972). Furthermore, Patton's method (Weiss and Wardrop, 2011) was used to determine urea, whereas creatinine was calculated using a method by Provan et al. (2009). The sera were thawed, the Alanine Transaminase (ALT), Aspartate Transaminase (AST) and Alkaline Phosphatase (ALP) where assayed using the Audiocomb Serum Auto-analyser (Bayer Express Plus, Bayer Germany, Serial Number 15950 in the Chemical Pathology Laboratory, University of Uyo Teaching Hospital (UUTH), Uyo.

2.6.2	Lipid profile
At the end of the finding trial, 3ml blood was collected aseptically using a sterile syringe and needles from the ear veins in a bottle with ethylene diamine tetra-acetic acid (EDTA) to prevent clotting. Serum samples from blood were separated by centrifugation of 4000rpm for 5min at 20oC. Sample were analyzed at University of Uyo Teaching Hospital for triglycerides, total cholesterol, high density lipoprotein and low-density lipoprotein using biochemical autoanalyzer (Cobas Mira Plus, Roche Diagnostics).
The sera were thawed, the Alanine Transaminase (ALT), Aspartate Transaminase (AST) and Alkaline Phosphatase (ALP) where assayed using the Audiocomb Serum Auto-analyser (Bayer Express Plus, Bayer Germany, Serial Number 15950 in the Chemical Pathology Laboratory, University of Uyo Teaching Hospital (UUTH), Uyo.

2.7	 Statistical Analysis
The experimental data were subjected to an analysis of variance (ANOVA) procedure in a completely randomized design, using IBM Statistical Package for Social Sciences (SPSS) version 21. Differences between treatment means were separated using the Duncan Multiple Range Test provided by the software.
3.	RESULTS
3.1	Serum Biochemistry of Rabbit Does Fed Diets Containing Dried Date Fruits Meal
The serum biochemistry of rabbit does fed diets containing varying levels of dried date fruits meal (DDFM) is presented in Table 2. Significant differences (p<0.05) were observed in Total Protein, Globulin, Albumin, and ALP (Alkaline Phosphatase) concentrations. Total protein levels were highest in T1 (76.50 g/dL) and significantly higher compared to T2 (70.50 g/dL), T3 (54.50 g/dL), and T4 (57.00 g/dL). The lowest values were observed in T3 and T4, which had comparable levels, indicating that the inclusion of DDFM, particularly at higher levels, may reduce total protein content in the blood.
Globulin levels were also significantly affected by DDFM supplementation, with T1 showing the highest value (39.00 g/dL), followed by T2 (36.50 g/dL), and significantly lower values in T3 and T4 (23.50 g/dL each). The decreased globulin concentrations in T3 and T4 could suggest a potential impact of DDFM on immune function or protein synthesis. Similarly, Albumin concentrations were highest in T1 (37.50 g/dL), followed by T2 (34.00 g/dL), and lower in T3 (31.00 g/dL) and T4 (33.50 g/dL), with the latter two treatments being significantly lower than T1. This indicates that DDFM may have a dose-dependent effect on serum albumin levels, potentially influencing protein metabolism.
No significant differences were observed in Urea, Glucose, and the liver enzymes (AST, ALT, and ALP) across the treatments. Urea concentrations were similar in T1 (5.15 mmol/L), T2 (5.35 mmol/L), and T3 (5.05 mmol/L), with the lowest value found in T4 (4.80 mmol/L). These results suggest that the DDFM supplementation did not significantly affect nitrogen metabolism, as indicated by urea concentrations. Glucose levels were also not significantly different across the treatments, with values of 3.10 g/dL in T1, 2.90 g/dL in T2, and 3.00 g/dL in T3 and T4, suggesting that DDFM had no major effect on blood glucose.
Regarding liver enzyme activities, AST (Alanine Aspartate Aminotransferase) activity showed no significant differences among the treatments, with values ranging from 44.50 µ/L in T1 to 64.00 µ/L in T2. Similarly, ALT (Alanine Aminotransferase) activity was relatively stable across the groups, with T1 showing 19.00 µ/L, T2 showing a significantly higher 1850 µ/L, and T3 (17.50 µ/L) and T4 (20.50 µ/L) showing values similar to T1. The AST and ALT activities suggest that the dietary inclusion of DDFM did not significantly affect liver function, except for a markedly higher value in T2, which may require further investigation.
ALP (Alkaline Phosphatase) levels were significantly affected by DDFM, with the highest level recorded in T2 (32.00 µ/L), followed by T4 (21.00 µ/L), and the lowest values observed in T1 and T3 (19.00 µ/L each). The significant difference in ALP could indicate a potential effect of DDFM on bone and liver metabolism, with T2 showing a marked increase in ALP activity.
Table 2: Serum biochemistry of rabbit does fed diets containing dietary levels of dried date friuts meal
	Parameters
	T1
(0.00%
DDFM
	T2
(0.50%
DDFM
	T3
(1.00%
DDFM)
	T4
(1.50%
DDFM)
	SEM

	Total protein (g/dL)
	76.50a
	70.50b
	54.50c
	57.00c
	2.81

	Globulin 
	39.00a
	36.50a
	23.50b
	23.50b
	2.23

	Albumin
	37.50a
	34.00b
	31.00b
	33.50b
	0.75

	Urea (mmol/L)
	5.15ab
	5.35a
	5.05ab
	4.80b
	0.07

	AST ((µ/L)
	44.50
	64.00
	53.00
	58.50
	3.51

	ALP ((µ/L)
	19.00b
	32.00a
	19.00b
	21.00b
	1.81

	ALT ((µ/L)
	19.00
	1850
	17.50
	20.50
	0.50

	Glucose (g/dL)
	3.10
	2.90
	3.00
	3.10
	0.04


a b c – Means in the same row with different superscript are significantly different (P< 0.05); AST - Alanine aspartate aminotransferase; ALP – Alanine amino phosphatase; ALT - Alanine aminotransferase; SEM – Standard error of means; DDFM – Dried dates fruit meal.
3.2	Lipid Profile of Rabbit Does Fed Diets Containing Dietary Levels of Dried Date Fruits Meal
The lipid profile of rabbit does fed diets containing varying levels of dried date fruits meal (DDFM) is presented in Table 3. Significant differences (p<0.05) were observed in triglyceride, total cholesterol, and LDL concentrations. Triglyceride levels were highest in T2 (1.05 g/dL) and significantly higher than those in T1 (0.80 g/dL), but comparable to T3 (0.95 g/dL) and T4 (1.00 g/dL). The total cholesterol levels were highest in T2 (3.00 g/dL) and T1 (2.90 g/dL), significantly higher than T3 (2.15 g/dL) and T4 (2.35 g/dL). The lowest LDL value was found in T4 (0.80 g/dL), which was significantly lower than the other treatments, which had comparable values: T1 (1.25 g/dL), T2 (1.50 g/dL), and T3 (1.50 g/dL). However, no significant differences were observed in HDL and VLDL levels across all treatments, with values of 1.15, 1.05, 1.00, and 1.05 for T1, T2, T3, and T4, respectively, and 0.50 and 0.45 for VLDL in T1, T2, T3, and T4, respectively.
Table 3: Lipid profile of rabbit does fed diets containing dietary levels of dried date fruit meal
	Parameters
	T1
(0.00%
DDFM
	T2
(0.50%
DDFM
	T3
(1.00%
DDFM)
	T4
(1.50%
DDFM)
	
	SEM

	Triglyceride
	0.80b
	1.05a
	0.95ab
	1.00a
	0.03

	Total cholesterol
	2.90a
	3.00a
	2.15b
	2.35b
	0.11

	HDL
	1.15
	1.05
	1.00
	1.05
	0.03

	VLDL
	0.50
	0.45
	0.50
	0.45
	0.01

	LDL
	1.25a
	1.50a
	1.50a
	0.80b
	0.09


a b  – Means in the same row with different superscript are significantly different (P< 0.05); DDFM – Dried dates fruit meal; SEM – Standard error of mean.
3.3	Antioxidant Indices of Rabbit Does Fed Diets Containing Dietary Levels of Dried Date Fruits Meal
The antioxidant indices of rabbit does fed diets containing varying levels of dried date fruits meal (DDFM) are shown in Table 4. Significant differences (p<0.05) were observed in CAT, SOD, and GSH concentrations. CAT levels were highest in T4 (1.93 µg/mL) and T3 (1.88 µg/mL), with the lowest value in T1 (1.66 µg/mL) and T2 (1.69 µg/mL).
Table 4: Antioxidant indices of rabbit does fed diets containing dietary levels of dried date fruit meal
	Parameters
	T1
(0.00%
DDFM
	T2
(0.50%
DDFM
	T3
(1.00%
DDFM)
	T4
(1.50%
DDFM)
	
	SEM

	CAT (ug/ml)
	1.66b
	1.69b
	1.88a
	       1.93a
	       0.04

	SOD (ug/ml)
	5.72b
	6.08b
	7.12a
	       7.23a
	       0.21

	GSH (ug/ml)
	16.78b
	17.22b
	18.38a
	     18.52a
	       0.24


a b – Means in the same row with different superscript are significantly different (P< 0.05); DDFM – Dried dates fruit meal; SEM – Standard error of mean.
SOD activity was also highest in T4 (7.23 µg/mL) and T3 (7.12 µg/mL), followed by T2 (6.08 µg/mL), and the lowest value in T1 (5.72 µg/mL). GSH concentrations were highest in T4 (18.52 µg/mL) and T3 (18.38 µg/mL), followed by T2 (17.22 µg/mL), and the lowest value in T1 (16.78 µg/mL). These findings suggest that increasing levels of dried date fruits meal may enhance the antioxidant capacity in rabbit does.

4.	DISCUSSION 
4.1	serum biochemical indices of rabbit does fed diets containing varying levels of dried date fruits meal
The serum biochemistry of rabbit does fed diets containing varying levels of dried date fruits meal (DDFM) revealed significant differences in total protein, globulin, albumin, urea, and alkaline phosphatase (ALP), while aspartate aminotransferase (AST), alanine aminotransferase (ALT), and glucose levels remained unaffected. Total protein levels were significantly higher in T1 (76.50 g/dL) and T2 (70.50 g/dL) compared to T3 (54.50 g/dL) and T4 (57.00 g/dL). This observation aligns with the findings of Essien et al. (2023), who reported improved serum protein concentrations in animals fed plant-based diets, emphasizing that higher protein levels reflect better protein metabolism and liver function. The decreased protein levels in T3 and T4, however, may indicate that excessive inclusion of DDFM could limit protein synthesis or increase protein utilization for growth, as noted by Malik et al. (2022). Globulin concentrations, an indicator of immune function, were significantly higher in T1 (39.00 g/dL) and T2 (36.50 g/dL) than in T3 (23.50 g/dL) and T4 (23.50 g/dL). This is consistent with the report of Omoikhoje et al. (2024), who observed that plant-based feed additives rich in bioactive compounds like flavonoids and saponins enhance immune response by supporting globulin synthesis. The reduced globulin levels in T3 and T4 could reflect increased nutrient partitioning towards growth rather than immune function. Albumin levels were significantly higher in T1 (37.50 g/dL) compared to T3 (31.00 g/dL) and T4 (33.50 g/dL). According to Reece et al. (2015), albumin is critical for maintaining osmotic pressure and transporting nutrients in the bloodstream, and its variation in this study highlights the influence of dietary DDFM on liver protein metabolism. Elevated albumin levels in T1 and T2 suggest better protein utilization and liver health, as also reported by Soetan et al. (2013).
Urea levels, which indicate nitrogen metabolism, were highest in T2 (5.35 mmol/L) and significantly greater than T4 (4.80 mmol/L). This agrees with findings by Etim et al. (2023), who noted that dietary protein quality directly affects serum urea concentrations. The relatively lower urea levels in T3 and T4 may suggest improved nitrogen retention and reduced protein catabolism, supporting growth performance.
ALP activity was significantly higher in T2 (32.00 µ/L) compared to T1 (19.00 µ/L), T3 (19.00 µ/L), and T4 (21.00 µ/L). ALP is associated with liver and bone metabolism, and its elevated levels in T2 may reflect increased bone activity or liver enzyme stimulation, as highlighted by Essien et al. (2023). Conversely, AST, ALT, and glucose levels remained within normal ranges and showed no significant differences across treatments, indicating that DDFM supplementation did not adversely affect liver integrity or glucose metabolism. These results align with Reece et al. (2015), who emphasized the stability of these parameters in healthy animals.
4.2	Lipid profile of rabbit does fed diets containing varying levels of dried date fruits meal
The lipid profile of rabbit does fed diets containing dried date fruits meal (DDFM) demonstrated significant effects on triglyceride, total cholesterol, and low-density lipoprotein (LDL) levels, while high-density lipoprotein (HDL) and very-low-density lipoprotein (VLDL) remained unaffected. These results align with various studies emphasizing the impact of plant-based feed additives on lipid metabolism. The observed increase in triglycerides in T2 (1.05 mmol/L) and T4 (1.00 mmol/L) compared to T1 (0.80 mmol/L) suggests enhanced lipid storage and energy availability. Triglycerides, the primary form of lipid storage, are transported as lipoproteins and play critical roles in energy metabolism (Frandson et al., 2009). However, contrasting results from Awan et al. (2019) showed reduced triglycerides in rats fed dates, highlighting possible species-specific differences in lipid metabolism.
Total cholesterol levels were significantly lower in T3 (2.15 mmol/L) and T4 (2.35 mmol/L) compared to T1 (2.90 mmol/L) and T2 (3.00 mmol/L). This decline aligns with findings from Anhwange et al. (2019) and Sunil (2013), who reported that flavonoids and saponins in plant-based feed additives inhibit cholesterol biosynthesis by forming insoluble complexes with bile acids and cholesterol, thereby reducing its absorption. The hypocholesterolemic effects observed in T3 and T4 could enhance cardiovascular health, given that high cholesterol is associated with an increased risk of atherosclerosis and heart disease (Tehrani et al., 2013).
LDL, often referred to as “bad cholesterol,” was significantly reduced in T4 (0.80 mmol/L) compared to other treatments, reflecting an improved lipid profile and reduced risk of cardiovascular issues. This is consistent with observations by Odunitan-Wayas et al. (2018), who noted improved LDL levels in animals fed phytochemical-rich diets. The reduction in LDL levels may also be attributed to the antioxidant properties of flavonoids and phenols in DDFM, which protect against oxidative stress associated with LDL cholesterol (Thacker and Ram, 2024).
HDL levels, known for their protective role against coronary heart disease, ranged from 1.00 mmol/L to 1.15 mmol/L across treatments, with no significant differences. This stability may indicate that DDFM inclusion does not adversely affect HDL production, which aligns with findings by Ansari et al. (2020), who observed consistent HDL levels in animals fed plant-based supplements. Similarly, VLDL levels showed no significant variations, suggesting that DDFM does not alter the transport of triglycerides in the blood.
4.3	Effect of dried dates fruits meal on antioxidant profile in rabbit does
[bookmark: _Hlk187217034]The significant variation observed in glutathione observed in the current study is agrees with the findings of Khalifa et al. (2018) who observed significant reduction in the antioxidant in New Zealand rabbits administered dates fruits aqueous extract, which differs from the significant increase recorded in the study. Vyawahare et al. (2008) stated that dates can be a source of antioxidants through several mechanisms, such as neutralizing and destroying free radicals (NO, OH, and H2O2) and its precursors, preventing lipid peroxidation and stimulating antioxidant enzymes activity. Glutathionine was higher at 1.00% DDFM (18.38 ug/ml) and 1.50% DDFM (18.52 ug/ml) supplementation.  Superoxide dismutase (SOD), was significantly increased in rabbit does fed T3 (7.12 ug/ml), and T4 (7.23 ug/ml) diets respectively, which were significantly higher than those of does fed T1 (5.72 ug/ml) and T2 (6.08 ug/ml) diets respectively. Fathy et al. (2018) reported that the significant decrease of NO in the liver tissue of the dates extract treated groups as compared with the control group in their study might be the result of its interaction with superoxide to form peroxynitrite, which they said can react with cellular lipids, proteins, and DNA, and accelerates cell toxicity. The rabbit does fed T3 (1.00% DDFM), and T4 (1.50% DDFM) recorded similar values of 1.88 and 1.93 ug/ml respectively, which were significantly higher than those of T1 (0.00% DDFM) and T2 (0.50 DDFM) which had statistically similar values of 1.66 and 1.69 ug/ml respectively. CAT is an antioxidant enzyme required for the breakdown of H2O2 into H2O and O2 (Abdeen et al., 2021). The significantly higher values of antioxidants observed at higher doses of dates demonstrates the ability of dates fruits to scavenge free radicals that are capable of cause cellular damage as noted by Fathy et al. (2018) and Khalifa et al. (2018). According to Tang et al. (2022), CAT and GSH-Px functions as antioxidase to get rid of lipid oxides produced during cell metabolism, thus, preventing peroxide poisoning, adding that CAT and GSH-Px could act as major antioxidant regulators in the initial stage of folliculogenesis.
5.	CONCLUSION 
This study demonstrated that 1.00% dietary supplementation with dried date fruit meal (DDFM) significantly influences serum biochemical parameters, lipid metabolism, and antioxidant indices in rabbit does. While total protein, albumin, and globulin concentrations declined at higher inclusion levels, the lipid profile improved through reduced cholesterol and LDL concentrations. Furthermore, DDFM supplementation enhanced antioxidant status by increasing catalase, superoxide dismutase, and glutathione levels.
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