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Beetroot (Beta vulgaris) as a Nutritional Strategy for Metabolic Disorders: Effects on Lipid Metabolism and Body Weight

Abstract 
Background: Beetroot (Beta vulgaris L.) is a functional food rich in nitrates, betalains, and flavonoids with antioxidant and hypolipidemic properties. While widely recognized for cardiovascular and anti-inflammatory benefits, its effect on body weight, lipid regulation, and oxidative balance under toxicant exposure remains underexplored.
Methods: This randomized controlled study evaluated the effects of B. vulgaris methanolic extract on body weight, lipid profile, and oxidative stress markers in Wistar rats (80–110 g). Animals were divided into eight groups, receiving distilled water, lead acetate (25 mg/kg), or varying doses of B. vulgaris extract (100, 150, 200 mg/kg) alone or combined with lead for 28 days. Serum lipid profile (TC, TG, HDL, LDL, VLDL) and oxidative biomarkers (GSH, SOD, MDA) were analyzed using standard spectrophotometric assays.
Results: Lead exposure disrupted lipid metabolism, lowering TC and LDL, and increased oxidative stress. B. vulgaris supplementation significantly reduced TC, LDL, and MDA, while enhancing GSH and SOD (p ≤ 0.05). Higher doses promoted weight gain, with the combined 200 mg/kg B. vulgaris + lead group showing the most pronounced protective effects.
Conclusion:
Beta vulgaris demonstrated dose-dependent hypolipidemic, antioxidant, and growth-promoting effects, suggesting therapeutic potential against metabolic disturbances and heavy metal toxicity.
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Introduction 
Beetroot (Beta vulgaris L.), locally referred to as chukander in some regions, has attracted global recognition not only for its culinary versatility but also for its medicinal potential (Chaudhary and  Shaikh, 2020). Traditionally consumed in salads, soups, juices, and pickled preparations, beetroot is valued for its natural sweetness, vibrant pigmentation, and use as a food colorant in the food industry (Punia et al., 2023; Chhikara et al., 2019). “Beyond its nutritional role, beetroot is rich in bioactive compounds such as nitrates, betalains, flavonoids, and anthocyanins, which are known to possess antioxidant, anti-inflammatory, and vasodilatory properties”  (Thiruvengadam et al., 2013). “Over the last decade, scientific interest in beetroot has expanded, with growing evidence linking its bioactive constituents to cardiovascular health, blood pressure regulation, and enhanced exercise performance” (Milton-Laskibar,  et al., 2021).
[bookmark: _Hlk210680235]“Parallel to this, the prevalence of metabolic disorders such as obesity, type 2 diabetes, dyslipidemia, and hypertension has become a pressing global health concern” (Wedeh et al., 2025). “These conditions are commonly associated with impaired body weight regulation and lipid metabolism. Body weight, often assessed through indices such as body mass index (BMI), waist circumference, and body fat percentage, is a critical determinant of health outcomes, with obesity strongly linked to chronic diseases and underweight states also posing risks”  (Pasco et al., 2014). Similarly, “lipid profiles (encompassing total cholesterol, triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL)) remain vital markers of cardiovascular health. An imbalance in these parameters, particularly elevated LDL and triglycerides with reduced HDL, contributes significantly to cardiovascular morbidity and mortality” (Kosmas et al., 2023) 
Given the heavy burden of these disorders, there is an urgent need for safe, affordable, and culturally acceptable interventions that can improve metabolic health. While pharmacological therapies are available, they often present financial challenges and long-term side effects. Dietary interventions therefore represent a promising alternative, and beetroot, with its unique nutrient profile, has emerged as a potential “functional food.” Its high nitrate content enhances nitric oxide production, which supports vascular function, while its antioxidant capacity may reduce oxidative stress and chronic inflammation, both central features of metabolic dysfunction (Carlstrom, and Montenegro, 2025). 
Despite this promise, existing evidence on the impact of beetroot on weight regulation and lipid metabolism remains inconclusive. For example, Mirmiran et al. (2020) reported that short-term beetroot supplementation improved HDL levels while lowering LDL cholesterol, whereas Amirpoor (2022) found no significant changes in lipid markers across randomized clinical trials. Moreover, although beetroot is well-documented for its role in blood pressure regulation and exercise performance, its influence on lipid metabolism and body weight in individuals already affected by metabolic disorders is poorly defined. These inconsistencies highlight the need for further well-controlled studies to establish beetroot’s therapeutic potential more clearly.
The present study is justified by both its scientific importance and public health relevance. Metabolic disorders continue to rise globally, contributing substantially to the burden of non-communicable diseases. Beetroot, being inexpensive, widely available, and culturally accepted, offers a promising dietary intervention that could be seamlessly incorporated into daily nutrition. Establishing its efficacy in regulating body weight and lipid profiles could not only improve individual health outcomes but also provide evidence-based support for functional food recommendations in preventive health policies. Therefore, this study seeks to investigate the effects of Beta vulgaris supplementation on body weight and lipid profile in individuals with metabolic disorders by examining BMI, waist circumference, body fat percentage, and lipid parameters including total cholesterol, LDL, HDL, and triglycerides.
Materials and methods 
Experimental materials
Animals weighing between 80 – 110g acquired from the animal house of the Faculty of Basic Medical Sciences, University of Port Harcourt were used for this experiments. After weaning, animals received standard laboratory rat feeds and water ad libitum. The wistar rats were housed in approved cages and kept on a regular 12-hours dark/light cycle. All animals models received care in accordance with the Nigerian law on experimentation with laboratory animals which is based on the US National Institutes of Health guidelines.
Plant Preparation
Beetroot (B.Vulgaris) basket was ordered from the north, then the samples of fresh beetroot (Beta vulgaris were washed with distilled water to ensure there is no stems and contaminants. Then after the outer skin was peeled then the beetroot was cut into small pieces. The beetroot samples were then dried in a hot air oven at 40 °C and then ground to powder using an electronic blender. Then, 500 g of the powder was extracted and transferred into a sterile bottle contained 1 L of methanol (Sigma, St. Louis, MO, USA) for 24 h at room temperature on a shaker and the action is repeated three times. Afterwards, a Whatman filter (Whatman, Clifton, NJ, USA) was used to filter the extract. Then the composition is allowed to rest, making the solvent separated from the extract, and finally the extract was collected as a solid dry substance after evaporation of methanol. Then the extracted sample was stored in a refrigerator at 4 °C until further use.
Research Design
This study employed a randomized, controlled  experimental design to evaluate the effect of Beta vulgaris (beetroot) supplementation on body weight and lipid profile in individuals diagnosed with metabolic disorders. Rat models were randomly assigned into treatment and control groups to minimize bias and confounding factors. The animals were acclimatized for 14 days before the extract was administered to the rats. The administration lasted for a period of 28 days.
Table 1. Grouping of research rats
	GROUPS
	DIVISION
	TREATMENT
	PROCEDURE AND DURATION

	Group 1
	Control (6 rats)
	Distilled water
	Stress free throughout the experiment

	Group 2
	Lead Alone
	(25mg/kg)
	The rats were administered orally with Lead Acetate alone.

	
	
	Test
	

	Group 3
	Beetroot Extract 
	High Dose B.V Extract(100mg/kg)
	The rats were administered orally Beetroot extract for 2 weeks (14 days).

	
	
	Test
	

	Group 4
	Beetroot Extract 
	High Dose B.V Extract(150mg/kg)
	The rats were administered orally Beetroot extract for 2 weeks (14 days).

	
	
	Test
	

	Group 5
	Beetroot Extract
	High Dose B.V Extract(200mg/kg)
	The rats were administered orally Beetroot extract for 2 weeks (14 days).

	
	
	
	

	Group 6
	Beetroot Extract and Lead
	High Dose B.V Extract(100mg/kg) and Lead (25mg/kg)
	The rats were administered orally Beetroot extract and Lead Acetate for 2 weeks (14 days)

	Group 7
	Beetroot Extract and Lead
	High Dose B.V Extract(150mg/kg) and Lead (25mg/kg)
	The rats were administered orally Beetroot extract and Lead Acetate for 2 weeks (14 days)

	Group 8
	Beetroot Extract and Lead
	High Dose B.V Extract(200mg/kg) and Lead (25mg/kg)
	The rats were administered orally Beetroot extract and Lead Acetate for 2 weeks (14 days)



Rationale for Dose Selection
The research investigated the effects of beetroot hydromethanolic extract on lactate concentration, endurance pattern, and cognitive function in Wistar rats. The choice of doses was based on previous studies that have demonstrated the bioactive compounds present in beetroot. Beetroot contains 2500mg/kg of NO-3 and is considered a very high nitric oxide containing vegetable (Milton-Laskibar, 2021) which helps in adjusting body lactate concentration. “Betanin is usually obtained from the extract of beet juice; the concentration of betanin in red beet can reach 300–600 mg/kg” (Wikipedia contributors, 2024)
Body Weight Measurement
The body weight of each rat was measured using a calibrated digital weighing balance with a precision of 0.01 g. Measurements were recorded at baseline prior to treatment and subsequently on a weekly basis for the duration of the study. Weighing was performed at the same time each week to minimize diurnal variation. The animals were gently handled in a calm environment to reduce stress, and data were recorded in kilograms for each individual rat. These measurements allowed monitoring of weight progression over the experimental period and assessment of the effects of beetroot supplementation and/or lead exposure.
Sample Collection
At the end of the 28-day treatment period, the animals were fasted overnight but had free access to water. Blood samples were collected under light anesthesia by cardiac puncture using sterile syringes. Approximately 4–6 mL of blood was withdrawn from each rat into plain tubes and allowed to clot at room temperature for 30 minutes. Serum was separated by centrifugation at 3000 rpm for 10 minutes, aliquoted into sterile tubes, and stored at −20 °C until biochemical analysis. Where required, organ tissues such as the liver were harvested, rinsed in cold saline to remove blood, and either stored at −80 °C for biochemical assays or fixed in 10% buffered formalin for histological analysis.
Biochemical Analysis
Serum lipid profile was determined using enzymatic colorimetric methods with commercial diagnostic kits (Randox, UK). The parameters assessed included total cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C). Low-density lipoprotein cholesterol (LDL-C) and very low-density lipoprotein cholesterol (VLDL-C) were calculated using the Friedewald equation, provided TG levels were below 400 mg/dL. Absorbance readings were taken with a spectrophotometer at the wavelengths specified by the kit manufacturers, and all assays were conducted in duplicate for accuracy.
Oxidative stress biomarkers were also analyzed in serum samples. Reduced glutathione (GSH) concentration was determined using Ellman’s method, which involves reaction with 5,5′-dithiobis(2-nitrobenzoic acid). Superoxide dismutase (SOD) activity was measured using a commercial kit based on the inhibition of pyrogallol auto-oxidation, while malondialdehyde (MDA) levels were estimated by thiobarbituric acid reactive substances (TBARS) assay, which detects lipid peroxidation products at 532 nm. All assays were performed according to standard protocols, and appropriate standards and controls were included.
Data Analysis
All data were expressed as mean ± standard error of the mean (SEM), with a group size of five rats. Statistical comparisons between groups were performed using one-way analysis of variance (ANOVA). When ANOVA revealed significant differences, Newman–Keuls post hoc multiple comparison test was applied to identify specific inter-group differences. Significance was accepted at p ≤ 0.05. In data tables, values significantly different from the control group were denoted by an asterisk (*), while those significantly different from the lead-only group were indicated by a hash symbol (#). Statistical analyses were conducted using SPSS version 25 (IBM Corp., Armonk, NY, USA).


Results and Discussion 
Table 2 Lipid profile following administration of test substances
	Groups/Treatment
	TC
(mg/dL)
	TG
(mg/dL)
	HDL
(mg/dL)
	LDL
(mg/dL)
	VLDL
(mg/dL)

	Group1 (Control)
	3.50#±0.30
	1.29± 0.60
	1.39± 0.08
	2.69#±0.25
	0.58±0.03

	Group2
(Lead 25mg/kg)
	2.57*±0.67
	1.13±0.05
	1.20± 0.05
	1.88*±0.04
	0.51±0.02

	Group3
(100mg/kg Beta vulgaris)
	2.73*±0.27
	1.20±0.12
	1.29±0.10
	1.98*±0.22
	0.54±0.06

	Group4
(150mg/kg Beta vulgaris)
	2.70*±0.30
	1.22±0.12
	1.36±0.09
	1.89*±0.26
	0.56±0.06

	Group5
(200mg/kg Beta vulgaris)
	2.33*±0.13
	1.01*±0.09
	1.03*±0.05
	1.77*±0.13
	0.46*±0.04

	Group6
(25mg/kg Pb + 100mg/kg Beta vulgaris)
	2.53*±0.13
	1.04*±0.17
	1.09*±0.04
	2.12*±0.31
	0.47*±0.01

	Group7
(25mg/kg Pb + 150mg/kg Beta vulgaris)
	2.23*±0.13
	0.96*±0.09
	1.03*±0.08
	 1.64*± 0.09
	0.44*±0.04

	Group8
(25mg/kg Pb + 200mg/kg Beta vulgaris)
	2.23*±0.03
	0.92*±0.02
	1.08*±0.02
	1.57*±0.06
	0.42*±0.01


Values are presented in mean ± sem, n= 5. * Means values are statistically significant (p≤0.05) when compared to the control group 1, # means values are statistically significant (p≤0.05) when compared to lead only group.






Table 3 Body weight following administration of test substances
	Groups/Treatment
	Week 1
weight(kg)
	Week 2
weight (kg)
	Week3
weight (kg)
	Week4
weight (kg)
	Week5
weight (kg)

	Group1 (Control)
	53.80±4.54
	60.00±4.49

	82.80±7.21

	84.00±11.62

	95.00±11.60


	Group2
(Lead 25mg/kg)
	59.00±2.49
	64.80±3.48

	77.60±4.49

	84.20±5.70

	93.80±8.08


	Group3
(100mg/kg Beta Vulgaris)
	68.60*#±3.28
	74.00*#±3.18

	89.20±9.14

	97.20±12.00

	112.20±10.33


	Group4
(150mg/kg Beta Vulgaris)
	79.60*#±1.99
	85.20*#±0.97

	104.00*#±7.05

	113.40*#±7.99

	117.20±9.59


	Group5
(200mg/kg Beta Vulgaris)
	78.60*#±1.99
	81.60*#±0.87

	118.00*#±9.19

	120.20*#±13.04

	119.40±13.05


	Group6
(25mg/kg Pb + 100mg/kg Beta Vulgaris)
	81.80*#±2.01
	86.40*#±1.47

	115.40*#±3.36

	130.20*#±6.73

	136.60*#±4.71


	Group7
(25mg/kg Pb + 150mg/kg Beta Vulgaris)
	87.20*#±1.07
	89.80*#±1.07

	116.40*#±3.61

	120.60*#±4.09

	120.40±4.39


	Group8
(25mg/kg Pb + 200mg/kg Beta Vulgaris)
	101.20*#±2.29
	105.40*#±3.14

	121.00*#±7.93

	133.00*#±11.79

	129.40*#±11.37



Values are presented in mean ± sem, n= 5. * Means values are statistically significant (p≤0.05) when compared to the control group 1, # means values are statistically significant (p≤0.05) when compared to lead only group.








Table 4:	oxidative stress marker following administration of test substances
	Groups/Treatment
	GSH
(mmo/l)
	SOD
(mmo/l)
	MDA
(mmo/l)

	Group1 (Control)
	2.88±0.05
	0.29±0.01
	0.47±0.01

	Group2
(Lead 25mg/kg)
	3.00±0.19
	0.13±0.01
	0.60±0.01

	Group3
(100mg/kg Beta Vulgaris)
	3.53*#±0.12
	0.14±0.00
	0.56±0.02

	Group4
(150mg/kg Beta Vulgaris)
	3.56*#±0.13
	0.15±0.01
	0.55±0.03

	Group5
(200mg/kg Beta Vulgaris)
	2.97±0.23
	0.14±0.01
	0.56±0.02

	Group6
(25mg/kg Pb + 100mg/kg Beta Vulgaris)
	2.81±0.16
	0.13±0.01
	0.59±0.02

	Group7
(25mg/kg Pb + 150mg/kg Beta Vulgaris)
	2.80±0.15
	0.15±0.03
	0.58±0.03

	Group8
(25mg/kg Pb + 200mg/kg Beta Vulgaris)
	3.96*#±0.01
	0.60±0.37
	0.48±0.02


Values are presented in mean ± sem, n= 5. * Means values are statistically significant (p≤0.05) when compared to the control group 1, # means values are statistically significant (p≤0.05) when compared to lead only group.
The lipid profile analysis in this study revealed significant changes across the treatment groups, indicating both the deleterious impact of lead exposure and the protective effects of Beta vulgaris. The control group displayed normal levels of total cholesterol (TC) and low-density lipoprotein (LDL), while lead exposure (25 mg/kg) produced a marked decrease in both TC and LDL. This is consistent with earlier reports that lead toxicity disrupts lipid metabolism, often leading to abnormal lipid levels through interference with hepatic enzyme activity and oxidative modification of lipids (Kou et al., 2020; Chen et al., 2023) . Administration of Beta vulgaris at increasing doses significantly lowered TC and LDL, with the most profound effects observed at 200 mg/kg. This aligns with previous findings that beetroot supplementation exerts hypolipidemic effects by enhancing bile acid excretion, suppressing lipogenesis, and modulating lipid clearance pathways (Al-Dosari et al., 2011). Thus, Beta vulgaris appears to mitigate the lipid disturbances caused by lead, while independently promoting favorable lipid regulation.
Body weight changes observed over the five-week period further emphasize the beneficial role of Beta vulgaris. While both the control and lead-treated groups showed gradual increases in body weight, the beetroot-treated groups exhibited significantly greater weight gains, particularly at higher doses. Notably, animals in the combined lead and Beta vulgaris treatment groups, especially at 200 mg/kg, displayed the highest weight gain, suggesting that Beta vulgaris not only offset lead-induced metabolic stress but also enhanced growth. Similar observations have been reported in experimental models where phytochemicals rich in antioxidants improved feed efficiency, nutrient absorption, and metabolic health under toxicant exposure (Clifford et al., 2015). However, the effect of beetroot on body weight is context dependent, as some studies show weight reduction in high-fat diet models due to improved metabolic efficiency, while others demonstrate weight gain in toxin-stressed or nutrient-deficient conditions. These findings suggest a regulatory rather than unidirectional effect of Beta vulgaris on body mass.
The oxidative stress biomarkers measured in this study provide further insight into the protective mechanisms of Beta vulgaris. Lead exposure significantly decreased superoxide dismutase (SOD) activity and elevated malondialdehyde (MDA), consistent with the well-established role of lead in inducing oxidative stress through free radical generation and inhibition of antioxidant enzymes (Sirivarasai et al., 2015). In contrast, beetroot supplementation significantly increased glutathione (GSH) and SOD levels while reducing MDA, particularly at 100–150 mg/kg. These results support the antioxidant capacity of betalains and other bioactive compounds in Beta vulgaris, which have been shown to scavenge free radicals, enhance endogenous antioxidant defenses, and reduce lipid peroxidation (Clifford et al., 2015). Interestingly, at the highest dose of 200 mg/kg, the antioxidant effects appeared to plateau, suggesting a possible biphasic or dose-dependent effect, as previously documented in other phytochemical interventions (Jodynis-Liebert and Kujawska, 2020). Nonetheless, the combined treatment of lead and Beta vulgaris at 200 mg/kg yielded the most robust antioxidant response, with significant elevations in GSH and SOD alongside reductions in MDA. This demonstrates the ability of Beta vulgaris to counteract lead-induced oxidative stress and restore redox balance.
Taken together, these findings confirm that Beta vulgaris possesses both hypolipidemic and antioxidant properties, consistent with reports in both animal and human studies (Clifford et al., 2015). Moreover, its ability to improve body weight and metabolic indices in lead-exposed animals suggests its therapeutic potential in mitigating the toxicological impacts of heavy metals. The dose-dependent responses observed underscore the importance of optimizing supplementation levels, as intermediate doses may yield more consistent benefits than higher concentrations. The results of this study not only reinforce the role of Beta vulgaris as a functional food with cardiometabolic benefits but also highlight its promise as a natural protective agent against heavy metal toxicity.

Conclusion 
In conclusion, the results of this study suggest that Beta vulgaris (beetroot extract) has a beneficial impact on lipid profiles, body weight, and oxidative stress markers in rats exposed to lead. The control group showed normal lipid levels, while the lead-exposed group exhibited reduced total cholesterol (TC) and low-density lipoprotein (LDL) levels, indicative of impaired lipid metabolism. Conversely, administration of Beta vulgaris resulted in statistically significant reductions in TC and LDL levels, particularly at higher dosages, demonstrating its potential to counteract lead-induced lipid dysregulation. Additionally, the body weight measurements indicated that rats receiving Beta vulgaris consistently gained weight, suggesting improved overall health. Furthermore, the extract also enhanced antioxidant levels (GSH and SOD) and decreased oxidative stress markers (MDA), providing a protective effect against lead-induced oxidative damage. These findings support the idea that incorporating Beta vulgaris could be a practical approach for managing lipid profiles and mitigating the adverse health impacts of toxic substances like lead.
Ethical Approval
The experimental protocols met the Guidelines for Animal Experimentation and were approved by the Ethical Committee of the University of Port Harcourt, following the  Institutional Animal Ethics Committee. This study was conducted in accordance with the National Health Research Ethics Committee (NHREC), 2014.
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