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Antihyperlipidemic and Hypolipidemic Effects of a Cocoa Liquor with High Antioxidant Properties on Wistar Rats (Ratus norvegicus)

Abstract
[bookmark: _GoBack]Previous studies on cocoa liquor have demonstrated that a blend of raw (30%) and fermented/roasted (70%) cocoa beans yield a cocoa liquor with the desired sensory attributes for chocolate production, as well as high antioxidant potential. The main objective of the present study was to evaluate the in vivo hypolipidemic and anti-hyperlipidemic effects of this cocoa liquor on male Wistar rats fed with a high-fat diet. To achieve this, the cocoa liquor was incorporated into the rats' diet at a concentration of 50%. After one month of experimentation, the animals were sacrificed, blood was collected for serum extraction, and biochemical analyses were performed. The results of the hypolipidemic effect showed that consumption of this cocoa liquor led to a significant decrease in total cholesterol levels by 7.48%, LDL-C by 20.68%, triglycerides by 3.94%, and a substantial increase in HDL-C by 48.62% compared to the control group receiving no cocoa liquor, with an improvement in the atherogenic index of 37.73%. Additionally, the presence of cocoa liquor in the diet led to a decrease in ALT by 49.39% and AST by 43.87% compared to the untreated control group. Similarly, an improvement in urea and creatinine levels was observed following consumption of the cocoa liquor. Furthermore, the results of the anti-hyperlipidemic effects of the cocoa liquor demonstrated its ability to prevent the onset of hyperlipidemia. We can conclude that consumption of cocoa liquor made from raw and fermented/roasted cocoa beans (30/70) has hypolipidemic and anti-hyperlipidemic effects while protecting vital organs such as the heart, liver and kidney of Wistar rats. Therefore, it can be recommended for use in the formulation of chocolate products for overweight or obese individuals.
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1. Introduction
Cardiovascular diseases (CVDs) are the leading cause of mortality worldwide, responsible for over 17.9 million deaths annually, accounting for 31% of all deaths. More than three-quarters of CVD-related deaths occur in low- and middle-income countries [1]. About 13% of all deaths and 37% of deaths from non-communicable diseases (NCDs) in sub-Sahara Africa (SSA) are attributable to CVDs, making them the leading cause of NCDs deaths [2]. Therefore, CVDs should be a public health priority, as the World Health Organization (WHO) estimates that by 2030, CVDs will be responsible for over 23.6 million deaths worldwide, with hyperlipidemia being a major risk factor.
Hyperlipidemia, characterized by elevated triglyceride and total cholesterol levels, is a major risk factor for CVDs. It leads to endothelial dysfunction and platelet activation, which are key mechanisms underlying atherothrombosis, resulting in vasoconstriction, thrombus formation, and inflammation, ultimately increasing cardiovascular risk [3]. While there are medicinal treatments for hyperlipidemia, such as statins, fibrates, and resins, these treatments are often expensive and can have side effects [4]. Dietary changes, such as hypocaloric diets low in fat and sugar, are therefore recommended, but these can be restrictive and difficult to maintain for long-term [5].
Recent research has focused on the bioactive compounds found in plants, demonstrating that polyphenols present in foods can reduce blood lipid levels by inhibiting lipase activity, complexing and precipitating digestive proteins, or inhibiting adipocyte differentiation and adipogenesis [6]. Studies have also shown that consuming polyphenol-rich beverages, such as certain teas and wines, as well as fruits and vegetables, can increase plasma antioxidant capacity [7].
In this order of ideas, raw cocoa beans (Theobroma cacao) particularly rich in polyphenols have been shown to have potential health benefits, including reducing blood lipid levels [8,9]. However, to produce cocoa liquor used in chocolate industry, raw cocoa bean needs to be fermented and roasted. While these treatments improve the technological and sensory attributes of cocoa bean, they significantly reduce its polyphenol content, therefore its antioxidant potential [10]. To address this issue, a compromise was found between the desired chocolate sensory attributes and the antioxidant potential of raw cocoa beans during the production of cocoa liquor.
Indeed, Baleba et al., (2025) developed a cocoa liquor made of 70% fermented/roasted beans and 30% raw beans. The composite cocoa liquor was approved by experts of the Interprofessional Cocoa and Coffee Council (CICC) in terms of chocolate sensory attributes, but was also rich in polyphenols and other antioxidants compounds such as iron, selenium, and vitamin E (Baleba et al., 2025). While in vitro tests indicated that this liquor had high antioxidant potential, questions regarding its in vivo efficacy on some CVDs risk factors such as hyperlipidemia remain. To answer the question, this study was set up with as main objective to investigate the effects of antioxidant-rich cocoa liquor on lipid profile (anti-hyperlipidemic and hypolipidemic tests) and liver and renal functions of Wistar rats.
2. Materials and methods
2.1. Production of Cocoa Liquor
Unfermented and fermented / roasted cocoa beans were processed and blended at 30% and 70% respectively to obtain cocoa liquor as previously described by Baleba et al. (2025).
2.2. Physicochemical and Phytochemical Analysis of the Samples 
2.2.1. Physicochemical characterization
Macronutrient and vitamin E quantification
Moisture content was determined by drying samples at 105°C until constant weight [11]. Total ash was quantified after complete incineration of the samples in a furnace [12]. Total fat content was determined by extracting lipids from samples with hexane at high temperature for about 8 hours using the Soxhlet apparatus [13]. Soluble sugar content was determined using DNS (3,5-dinitrosalicylic acid) method [14]. Total nitrogen content was determined after mineralization of samples by Kjeldahl method and assayed using colorimetric technique [15]. The conversion factor of 6.25 was used to convert nitrogen content to protein content. The vitamin E content was quantified using CHCl3 (methylene chloride), 2,2'-Dipyridyl and absolute ethanol [16].
Mineral content
The mineral content (zinc, iron, selenium, and copper) was determined using flame photometry, a technique that measures the intensity of radiation emitted by excited atoms in a flame. The method involves preparing a suspension from 0.1 g of ash and 1 mL of hydrochloric acid, and then measuring the flame absorption of the suspension. The intensity of the emitted radiation is proportional to the concentration of the element in the sample, allowing for the quantification of the mineral content [17].
2.2.2. Phytochemical characterization
Total Polyphenol Content
Total polyphenols content was evaluated using Folin-Ciocalteu method based on the reduction of a phosphomolybdic-tungstic chromogen by an oxidant, resulting in a color change measured at 750 nm. A standard curve was generated using gallic acid (1 mM) and methanol. The polyphenol content was measured by adding 30 μL of sample to 1 mL of Folin-Ciocalteu reagent (0.2 N) and measuring the absorbance at 750 nm after 30 mins. The results were calculated using the equation obtained from the standard curve and expressed in mg/g equivalent gallic acid [18].
Flavonoid Content
Total flavonoids content was quantified using colorimetric method with aluminium chlorite. For analysis, 1 g of sample was homogenized with 20 mL of a methanol/distilled water/acetic acid (140:50:10, V/V) solvent mixture. The mixture was filtered and adjusted to a final volume with the solvent mixture. Then, 2.5 mL was transferred to a 50 mL Erlenmeyer flask and completed with distilled water to the mark. Next, 10 mL of this solution was mixed with 2 mL of distilled water and 5 mL of aluminum chloride (AlCl3) reagent, and the absorbance was read at 430 nm against a blank prepared with 10 mL of the analysis solution and 5 mL of distilled water. The flavonoid content was calculated using a rutin standard solution, and the results were expressed as mg of rutin/100g of dry matter [19].
Condensed Tannin Content
Condensed tannins were quantified in presence of concentrated sulfuric acid. The method involves extracting tannins from a 2 g sample with 30 ml of 80% acetone in 2% acetic acid, followed by filtration and evaporation of the solvent. The extract was then diluted and mixed with vanillin solution and HCl, and the absorbance was read at 500 nm after 15 mins. The tannin content was expressed as tannic acid equivalents using a calibration curve, and the results were calculated as the mean of triplicates, taking into account the sample mass, moisture content, and dilution factor [20].
2.3. Animal Experimentation
2.3.1. Animals
The experimentation was conducted in the animal house of the Laboratory of Food Biophysics, Biochemistry and Nutrition at National School of Agro-Industrial Science located in the University of Ngaoundere to investigate the impact of cocoa liquor on the lipid profile of Wistar rats. The objective was to evaluate both the antihyperlipidemic and hypolipidemic effects of cocoa liquor. To achieve this, 60 male Wistar rats (Rattus norvegicus) aged 10 weeks and weighing between 160-185g were utilized. After two weeks of acclimatization under standard conditions, 24 rats were randomly divided into two lots A and B, each consisting of two groups of six rats. Lot A was used to assess the antihyperlipidemic effect, while lot B was used to evaluate the hypolipidemic effect. A control group made of six rats received a standard diet throughout the experiment. The rats had unrestricted access to food and water, and their environment was maintained at ambient temperature with a natural light-dark cycle.
2.3.2. Dietary protocol
The obesity-inducing diet consisted of a high-fat (20-60%) diet, manufactured with lard instead of coconut oil, as used by Ngatchic et al. [21] with some modifications, since it is considered the most obesogenic. Indeed, saturated fatty acids, primarily derived from animal sources, are deemed more detrimental to cardiovascular health and more obesogenic (Flock et al., 2014). The formulation of the diet for the rats in this study is presented in Table 1.
Table 1: Dietary formulation for animal experimentation [21].
	Nutrients
	Ingredients
	Normal Diet (g/kg BW)
	Hyperlipidemic Diet (g/kg BW)

	Proteins
	Fish meal
	200
	100

	Carbohydrate
	Corn starch
	590
	290

	
	Sucrose
	50
	50

	
	Cellulose
	50
	50

	Lipids
	Pork fat
	0
	150

	
	Egg yolk
	0
	300

	
	Soybean oil
	50
	50

	Other components
	Minerals
	50
	50

	
	Vitamin B complex
	10
	10


BW: Body Weight
2.3.3. Anti-Hyperlipidemic Test
The anti-hyperlipidemic test was designed to evaluate the effect of cocoa liquor on the lipid profile of rats by administering it simultaneously with the hyperlipidemic diet for 30 days to the animals distributed as follows:
Positive Control: 100% hyper lipidic diet (PCA)
Test Group: 50% hyper lipidic diet + 50% cocoa liquor (TGA)
2.3.4. Hypolipidemic treatment
The hypolipidemic test was performed on rats in which hyperlipidemia had been previously induced. To achieve this, the animals were placed on a hyperlipidic diet for 28 days to induce obesity. The obese state of the rats was confirmed by calculating their Body Mass Index (BMI) and Lee Index (LI). The BMI was calculated from the weight and naso-anal length using Formula 1.(1)


A rat was considered obese when BMI ≥ 0.68 g/cm2 [22].
The Lee Index (LI) was calculated using the cube root of the weight W (g) divided by the naso-anal length L (cm) of the rats according to Formula 2.(2)


A rat is considered obese when LI ≥ 310 [23].
Following obesity induction, the experimental groups were assigned as follow:
Positive Control: 100% hyper lipidic diet (PCB)
Test Group: 50% hyper lipidic diet + 50% cocoa liquor (TGB)
For both anti hyper and hypolipidemic test, a negative control group (NC) was fed with 100% of normal diet.
The regimen was maintained for 30 days. To ensure ad libitum feeding, each group of rats received 100g of food daily at 11 am. Daily food intake was calculated by weighing leftover food at the same time each day, and the feed conversion ratio (FCR) was determined using Formula 3 [24].(3)


Body weight and naso-anal length measurements were also recorded, following the method described by Novelli et al. [22]. Upon completion of the experiment, the rats were sacrificed after a 12-hour fasting period by intraperitoneal injection of ketamine (10 mg/ml) + diazepam (5 mg/ml). Blood samples were collected from the jugular vein into dry tubes for serum preparation. Additionally, the liver, kidneys, and heart were also harvested.
2.4. Biochemical Analyses
Blood samples were collected in centrifuge tubes and allowed to clot. The serum was then separated by centrifugation at 3000 rpm/15 mins. The collected serum was stored in Eppendorf tubes and transported to the Ngaoundere Regional Hospital for determination of biochemical parameters using enzymatic methods with commercial kits. Triglycerides were estimated using the GOP-PAP method [25], Total cholesterol was determined by the CHOD-PAP method [26], while HDL cholesterol was measured using the CHOD-PAP method [27]. Alanine Amino Transferase (ALT) and Aspartate Amino Transferase (AST) levels were measured using SBio SGPT and SGOT kits respectively, following the method of Bergmeyer & Hørder [28]. Urea levels were determined using the enzymatic method of Talke & Schubert [29]. Creatinine was measured using the colorimetric Jaffé method with SGM creatinine LR kits [21].
2.5. Statistical Analysis
Each essay was performed in triplicate and the results expressed as mean ± standard deviation using Excel 2016 software. The histograms were drawn using the same software. Data were tested for normality, and then submitted to analysis of variance (ANOVA) for significance difference (p<0.05) check using Statgraphics centurion XVI.I software. The Duncan’s multiple range test was investigated to accomplish the separation of means.
3. [bookmark: _Hlk198290955]Results and discussion
3.1. Physicochemical and Phytochemical characteristics of the cocoa liquor produced
Table 2 presents the nutrients and bioactive content of the cocoa liquor produced. The liquor has a water content of approximately 6.87%, which is beneficial for its conservation. A water content below 10% is known to result in a longer shelf life, due to the inactivation of microorganisms and the decrease of metabolic reactions [31]. This result is close to the one found by Baleba et al. [8] for a cocoa liquor produced by blending 70% of fermented/roasted cocoa beans with 30% of raw ones. The liquor has an ash content of approximately 2%, suggesting a significant mineral content. This was confirmed by quantifying some minerals in the liquor sample, with interesting contents of zinc (6.91±0.11 mg/100 g DW), iron (37.32±0.53 mg/100 g DW), and copper (1.96±0.01 mg/100 g DW). Given that these minerals act as cofactors in many antioxidants and immune reactions in the body [32], this result could predict a high antioxidant activity for cocoa liquor produced, similar to the one reported by Baleba et al. [8]. The vitamin E content in the cocoa liquor is 1.52 mg/100 g DW, an interesting level. Vitamin E is a powerful antioxidant that protects cellular membranes from oxidation [33]. As for bioactive compounds, the cocoa liquor contains interesting levels of total polyphenols (47.14±0.31 mg EAG/g DW), flavonoids (10.70±0.13 mg ER/g DW), and condensed tannins (0.41±0.01 mg EAT/g DW), which are beneficial for human health. Indeed, polyphenols are recognized to have anti-inflammatory, antioxidant, antihypertensive, and anti-diabetic properties [34]. Flavonoids, a particular class of polyphenols, have been shown to protect the cardiovascular system [35]. Condensed tannins (proanthocyanidins) contribute to preventing or managing cardiovascular diseases, cancer, high blood pressure, hyperlipidemia, and diabetes [36].
Table 2: Physicochemical characteristics of cocoa liquor produced
	Parameters
	Values

	Water content (%)
	6.87±0.23

	Ash content (%)
	2.03±0.12

	Total fat (g/100g DW)
	45.07±0.27

	Soluble sugar (g/100 g DW)
	12.31±0.30

	Crude protein (g/100 g DW)
	3.57±0.18

	Vitamin E (mg/100 g DW)
	1.52±0.01 

	Iron (mg/100 g DW)
	37.32±0.53

	Zinc (mg/100 g DW)
	6.91±0.11

	Copper (mg/100 g DW)
	1.96±0.01

	Selenium (mg/100 g DW)
	0.011±0.00

	[bookmark: _Hlk198956225]Total polyphenols (mg EAG/g DW)
	47.14±0.31

	Flavonoids (mg ER/g DW)
	10.70±0.13

	Condensed tannins (mg EAT/g DW)
	0.41±0.01


3.2. Induction of obesity
Table 3 presents the body mass index (BMI) and Lee index (LI) used in this study to evaluate the nutritional status of rats. It appears that at the end of the experiments, with a BMI ≥ 0.68 and an LI ≥ 310, all rats in batch B (hypolipidemic test) were obese, both in the positive control group (PCB) and the test group (TGB). However, it is noted that the BMI and LI values of the test group that consumed cocoa liquor (TCB) were significantly lower than those of the positive control group fed with 100% hyperlipidemic diet (PGB). For batch A (antihyperlipidemic test), rats in the positive control group (PCA) fed exclusively with hyperlipidemic diet were obese at the end of the experiment, while rats in the test group (TGA) that received 50% cocoa liquor had a normal nutritional status. These results indicate that for the antihyperlipidemic test, consumption of cocoa liquor in association with a hyperlipidemic diet by normal rat limits weight gain, while for the hypolipidemic test, consumption of cocoa liquor with a hyperlipidemic diet by obese rats contributes to reducing rat weight. However, given its richness in fat, which would be primarily composed of long-chain saturated fatty acids, consumption of cocoa liquor would be expected to promote weight gain in rats. The opposite effect observed can be attributed to the polyphenols present in significant quantities in cocoa liquor, as indicated in Table 2. Indeed, numerous studies have shown that consumption of foods rich in polyphenols contributes to limiting fat mass gain and improving nutritional status [37-39].
Table 3: Body measurement parameters of experimental rats
	
	Start
	End

	Groups
	BMI (g/Cm2)
	LI (g/Cm)
	BMI (g/Cm2)
	LI (g/Cm)

	NC
	0.48±0.02b
	285.07±1.98c
	0.62±0.02b
	289.34±2.68d

	PCA
	0.53±0.01a
	304.66±1.87a
	0.70±0.02a
	318.07±3.13a

	TGA
	0.48±0.03b
	293.05±3.56b
	0.63±0.03b
	301.15±2.52c

	PCB
	0.53±0.03a
	304.26±1.24a
	0.69±0.01a
	317.09±1.29a

	TGB
	0.53±0.01a
	306.10±1.71a
	0.69±0.01a
	311.31±2.26b


A: Antihyperlipidemic test; B: Hypolipidemic test; NC: Negative control (Normal diet); PC: Positive Control (High fat diet); TG: Test Group (High fat diet + cocoa liquor); BMI: Body Mass Index; LI: Lee Index; Different letters in superscript within the same column indicate significant differences between means (p<0.05)
1.2.1. Blood biochemical parameters
1.2.2. Lipid profile
Figure 1 presents the lipid profile of rats for the anti-hyperlipidemic (A) and hypolipidemic (B) tests. It appears that for both tests, the levels of triglycerides, total cholesterol, and LDL are higher in the rats of the positive control group that consumed 100% of a hyperlipidemic diet. However, when cocoa liquor is introduced into their diet, a significant decrease in these levels is observed, along with a significant increase in HDL cholesterol levels in the test group rats. Notably, the cocoa liquor added contains nearly 50% lipids (Table 2), and this fat would be primarily composed of long-chain saturated fatty acids, given the very firm texture of the produced cocoa liquor. Previous studies have shown that lipids rich in long-chain saturated fatty acids are very firm at room temperature [40]. With a significant lipid intake from the cocoa liquor, one would expect the levels of total cholesterol, LDL cholesterol, and triglycerides to increase in the test groups, along with a decrease in HDL cholesterol levels. However, the opposite effect was observed, revealing the anti-hyperlipidemic and hypolipidemic effects of cocoa liquor, which in one case prevented the increase in hyperlipidemia biomarkers (anti-hyperlipidemic), and in the other case decreased the levels of these biomarkers in obese rats (hypolipidemic). These effects of cocoa liquor on rat lipidemia can be attributed to its high content of total polyphenols and flavonoids (Table 2). Indeed, numerous studies have shown that polyphenols can reduce lipidemia through several mechanisms of action. Firstly, polyphenols inhibit pancreatic and intestinal lipases, limiting lipid digestion and absorption. The proportion of lipids that are not digested is excreted in the feces, contributing to reduced lipidemia [41,42]. Secondly, polyphenols intervene in cholesterol metabolism by inhibiting the action of HMG-CoA reductase, which prevents cholesterol synthesis and reduces cholesterolemia or by Inhibiting the Transport and Expression of Niemann–Pick C1-Like 1 [43,44]. Furthermore, the decrease in LDL cholesterol levels by cocoa liquor helps limit the risk of atherosclerosis. Indeed, LDL cholesterol can be oxidized in arteries and deposited on the inner wall, forming atherosclerotic plaques that lead to atherosclerosis, a starting point for cardiovascular diseases [45]. The anti-hyperlipidemic and hypolipidemic properties of cocoa liquor can be valued in the production of chocolate products for individuals with pathologies such as obesity, type 2 diabetes, and cardiovascular diseases, all of which have hyperlipidemia as a common risk f

actor.
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TC: Total cholesterol; HDL-c: HDL cholesterol; LDL-c: LDL Cholesterol; TG: Triglycerides; Different letters above histograms reveal significant differences (p < 0.05). In this case, we have indicated with the same letter style, the data to be compared with each other.
Figure 1: Lipid level in rats’ serum (A: Antihyperlipidemic test; B: Hypolipidemic test)

1.2.3. Effect of cocoa liquor on hepatic, heart and kidney functions
To assess the potential adverse effects of consuming cocoa liquor on liver, heart, and kidney functions in rats, serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea, and creatinine were determined, and the results are presented in Figures 2 and 3. Figure 2 shows lower serum AST and ALT levels in the test groups that consumed cocoa liquor compared to the positive control group on a hyperlipidemic diet, both in the anti-hyperlipidemic (Fig. 2A) and hypolipidemic (Fig. 2B) tests. ALT and AST are both used to evaluate hepatic disorders. An increase in the activities of these enzymes in the blood may be primarily due to their leakage from the liver cytosol into the bloodstream. Several studies have shown that elevated AST and ALT levels are a key indicator of liver dysfunction, reflecting disturbances in enzyme biosynthesis and alterations in hepatic membrane permeability [46]. These results suggest that consuming cocoa liquor for 30 days did not have adverse effects on the heart and liver of rats but rather improved the functioning of these organs. Regarding kidney function, Figure 3 shows significantly lower serum urea and creatinine levels in rats that consumed cocoa liquor for 30 days compared to the positive control group on a hyperlipidemic diet, both in the anti-hyper (Fig. 3A) and hypolipidemic (Fig. 3B) tests. This result indicates that cocoa liquor improved kidney function in rats, as low serum urea and creatinine levels are indicators of healthy kidneys [47]. Previous studies have shown that high-fat diets (HFD) can cause kidney damage through various mechanisms, including altered lipid metabolism, lipogenic enzyme stimulation, and impaired autophagic flux [48]. This can lead to renal injury, characterized by glomerulosclerosis, interstitial fibrosis, and albuminuria [49]. Overall, high-fat diets appear to have multiple pathways to induce kidney damage. Another theory is that a higher body mass index causes blood pressure to rise, which causes adverse kidney effects and changes that lead to increased tubular secretions, which in turn raise blood levels of urea, creatinine, and uric acid [50,51]. The beneficial effects of cocoa liquor on vital organs in rats may be attributed to its richness in polyphenols, consistent with previous studies highlighting the protective role of antioxidants such as polyphenols, flavonoids, and pro-anthocyanidins on the heart, liver, and kidneys of rats by protecting their cells from oxidation by free radicals and reactive oxygen species (ROS) [52-54].
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AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; Different letters above histograms reveal significant differences (p < 0.05). In this case, we have indicated with the same letter style, the data to be compared with each other.
Figure 2: Transaminase level in rat serum (A: Antihyperlipidemic test; B: Hypolipidemic test)
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The letters appearing above the histograms reveal significant differences between treatments after analysis of variance (p < 0.05). In this case, we have indicated with the same letter style, the data to be compared with each other.
Figure 3: Urea and creatinine level in rat’s serum (A: Antihyperlipidemic test; B: Hypolipidemic test)
Conclusion
This study demonstrates that a cocoa liquor fraction composed of 20% non-fermented and 80% fermented cocoa, rich in antioxidants, effectively mitigates diet-induced hyperlipidemia in Wistar rats, achieving its intended purpose. The cocoa liquor produced exhibits a favorable nutritional profile, with a low water content, significant mineral content, and interesting levels of bioactive compounds such as polyphenols, flavonoids, and condensed tannins. These compounds have been shown to have various health benefits, including antioxidant, anti-inflammatory, and cardiovascular protective effects. The results suggest that the cocoa liquor produced could be a valuable ingredient for the development of functional foods and beverages with potential health benefits. Furthermore, the antioxidant and anti-hyperlipidemic properties of the cocoa liquor make it a promising candidate for the prevention and management of chronic diseases such as cardiovascular disease and diabetes.
Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.
References
1. World Health Organization (WHO) (2021). Maladies cardiovasculaires. https://www.who.int/fr/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds) (accessed March 18, 2025).
2. Yuyun MF, Sliwa K, Kengne AP, Mocumbi AO, Bukhman G (2020). Cardiovascular diseases in sub-saharan Africa compared to high-income countries: An epidemiological perspective. Glob Heart,15:1–18. https://doi.org/10.5334/GH.403.
3. Du Z, Qin Y (2023). Dyslipidemia and Cardiovascular Disease: Current Knowledge, Existing Challenges, and New Opportunities for Management Strategies. J Clin Med, 12:12–5. https://doi.org/10.3390/jcm12010363.
4. Chhetry M, Jialal I (2023). Lipid-Lowering Drug Therapy. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK541128
5. Kim JY (2021) Optimal diet strategies for weight loss and weight loss maintenance. J Obes Metab Syndr, 30:20–31. https://doi.org/10.7570/JOMES20065.
6. Jia Y, Zhang Q, Zhang Yihua, Zhang Yuexing, Wang H, Niu Q, et al. (2024) Effects of Polyphenol-Rich Foods on Lipids and Oxidative Stress Status in Patients with Hyperlipidemia: A Systematic Review of Randomized Controlled Trials. J Multidiscip Healthc, 17:3167–79. https://doi.org/10.2147/JMDH.S471372.
7. Buljeta I, Pichler A, Šimunović J, Kopjar M. (2023) Beneficial Effects of Red Wine Polyphenols on Human Health: Comprehensive Review. Curr Issues Mol Biol., 45:782–98. https://doi.org/10.3390/cimb45020052.
8. Mbadi BCB, Matsinkou SR, Ngaha DW, Assiene AJA (2025) Formulation of functional cocoa liquor (Theobroma cacao) from raw and processed beans blend: physicochemical, phytochemical, sensory characteristics and in vitro antioxidant activity. Discover Food 5:186 https://doi.org/10.1007/s44187-025-00488-2
9. Nisha S, Sujatha T, Thilagavathi (2021). Efficacy of Chocolate on Hypercholestrolemic Rats. Int J Sci Res Sci Technol., 332–40. https://doi.org/10.32628/ijsrst218451.
10. La Mantia A, Ianni F, Schoubben A, Cespi M, Lisjak K, Guarnaccia D, et al. (2023) Effect of Cocoa Roasting on Chocolate Polyphenols Evolution. Antioxidants, 12:1–16. https://doi.org/10.3390/antiox12020469.
11. AFNOR (1982). Produits dérivés des fruits et légumes. Détermination de la teneur en matière sèche par dessiccation sous pression réduite et détermination de la teneur en eau par distillation azéotropique.
12. AFNOR (1981). Paints. Determination of ash content in varnishes, paints and similar products.
13. UICPA (1979). Méthodes d’analyses des matières grasses et dérivés. 6th ed. Paris, France : Tec et Doc.
14. Fischer E, Stein EA (1961) DNS Colorimetric Determination of Available Carbohydrates in Foods. Biochem Prep, 8:30–7.
15. Devani MB, Shishoo CJ, Shah SA, Suhagia BN (1989) Spectrophotometric Method for Microdetermination of Nitrogen in Kjeldahl Digest. J AOAC Int. 72:953–6. https://doi.org/10.1093/jaoac/72.6.953.
16. Kivçak B, Mert T (2001) Quantitative determination of α-tocopherol in Arbutus unedo by TLC-densitometry and colorimetry. Fitoterapia 2001;72:656–61. https://doi.org/10.1016/S0367-326X(01)00305-7.
17. Barnes RB, Richardson D, Berry JW, Hood RL (1945) Flame Photometry A Rapid Analytical Procedure. Ind Eng Chem.
18. Singleton V, Rossi J (1965) Colorimetry of total phenolics with phosphomolydic-phosphotungstic acid reagents. Am J Enol Vitic, 16:144–58.
19. Mimica-Dukic N (1992) Investigation on secondary biomolecules in some Mentha species. University of Novi Sa.
20. Bainbridge Z, Tomlins K, Wellings K, Westby A (1996) Methods for assessing quality characteristics of non-grain starch staples. (Part 2. Field Methods.). Methods for assessing quality characteristics of non-grain starch staples. Nat Resour Institute, Chatham, Kent.
21. Ngatchic MT, Njintang N, Bernard C, Oben J, Mbofung CM (2016). Lipid-lowering properties of protein-rich Mucuna product. Nutrire 2016:0–10. https://doi.org/10.1186/s41110-016-0003-0.
22. Novelli ELB, Diniz YS, Galhardi CM, Ebaid GMX, Rodrigues HG, Mani F, et al. (2007) Anthropometrical parameters and markers of obesity in rats. Lab Anim, 41:111–9. https://doi.org/10.1258/002367707779399518.
23. Bernardis LL (1970) Prediction of carcass fat, water and lean body mass from Lee’s “nutritive ratio” in rats with hypothalamic obesity. Experientia, 26:789–90. https://doi.org/10.1007/BF02232553.
24. Ndouyang CJ, Himeda M, Nguimbou RM (2018) Antinutriments et propriétés nutritionnelles in vivo de Cochlospermum tinctorium A. Rich. (Bixaceae) chez les jeunes rats (Rattus norvegicus L.). Int J Biol Chem Sci, 12:884. https://doi.org/10.4314/ijbcs.v12i2.21.
25. Fossati LP (1982) Serum triglycerides determined colorimetrically with an enzyme that produces hydrogen peroxide. Clin Chem, 28:2077–80.
26. Naito H (1984) High-Density Lipoprotein (HDL) Cholesterol. Clin Chem 437:1207–13.
27. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR (1977) High density lipoprotein as a protective factor against coronary heart disease. The Framingham study. Am J Med, 62:707–14. https://doi.org/10.1016/0002-9343(77)90874-9.
28. Bergmeyer HU, Hørder RR (1986) International Federation of Clinical Chemistry (IFCC) Scientific Committee, Analytical Section: approved recommendation on IFCC methods for the measurement of catalytic concentration of enzymes. Part 3. IFCC method for alanine aminotransferase. L-a. J Clin Chem Clin Biochem 24:481–95.
29. Talke HSGE, Schubert GE (1965) Enzymatic urea determination in the blood and serum in the warburg optical test. Klin Wochenschr 43:174–5.
30. Toora BD, Rajagopal G (2002) Measurement of creatinine by Jaffe’s reaction--determination of concentration of sodium hydroxide required for maximum color development in standard, urine and protein free filtrate of serum. Indian J Exp Biol, 40:352–4.
31. Tapia MS, Stella M, Alzamora JC (2020) Effects of Water Activity ( a w ) on Microbial Stability as a Hurdle in Food Preservation. In: Water Act. Foods 323–355.
32. Szabo R, Bodolea C, Mocan T (2021) Iron, copper, and zinc homeostasis: Physiology, physiopathology, and nanomediated applications. Nanomaterials 11:1–17
33. Kilicarslan YD, Fuwad A, Lee KH, Kim HK, Kang L, Kim SM, Jeon TJ (2024) Evaluation of the Protective Role of Vitamin E against ROS-Driven Lipid Oxidation in Model Cell Membranes. Antioxidants. https://doi.org/10.3390/antiox13091135.
34. GÜNEŞ BAYIR A, AKSOY AN, KOÇYİĞİT A (2019) The Importance of Polyphenols as Functional Food in Health. Bezmialem Sci 7:157–163. https://doi.org/10.14235/bas.galenos.2018.2486.
35. Ballard CR, Maróstica MR (2019) Health Benefits of Flavonoids. Bioact Compd Heal Benefits Potential Appl. https://doi.org/10.1016/B978-0-12-814774-0.00010-4.
36. Qi Q, Chu M, Yu X, Xie Y, Li Y, Du Y, Liu X, Zhang Z, Shi J, Yan N (2023) Anthocyanins and Proanthocyanidins: Chemical Structures, Food Sources, Bioactivities, and Product Development. Food Rev Int 39:4581–4609. https://doi.org/10.1080/87559129.2022.2029479.
37. Quesada-Vázquez S, Eseberri I, Les F, et al (2024) Polyphenols and metabolism: from present knowledge to future challenges. J Physiol Biochem 80:603–625
38. Grosso G (2018) Effects of polyphenol-rich foods on human health. Nutrients. https://doi.org/10.3390/nu10081089.
39. Boccellino M, D’Angelo S (2020) Anti-obesity effects of polyphenol intake: Current status and future possibilities. Int J Mol Sci 21:1–24.
40. Lindshield B. (2018) Kansas State University: Human Nutrition. LibreTexts.
41. Feldman F, Koudoufio M, Desjardins Y, Spahis S, Delvin E, Levy E (2021) Efficacy of polyphenols in the management of dyslipidemia: A focus on clinical studies. Nutrients 13:1-42.
42. He L, Su Z, Wang S (2024) The anti-obesity effects of polyphenols: a comprehensive review of molecular mechanisms and signal pathways in regulating adipocytes. Front Nutr 11:1–20.
43. Costa R, Ferreira C, Alves A., Nunes S, Reis F, Malva J (2025) supplementation : a scoping review on drug-food interaction potential. Front Pharmacol 16:1-12.
44. Kobayashi S (2019) The effect of polyphenols on hypercholesterolemia through inhibiting the transport and expression of niemann–pick C1-like 1. Int J Mol Sci 20:1-14.
45. Sun P, Zhao L, Zhang N, Zhou J, Zhang L, Wu W, Ji B, Zhou F (2021) Bioactivity of dietary polyphenols: The role in LDL-C lowering. Foods 10:1-29.
46. Chrigui S, Hadj TS, Jemai H, Mbarek S, Benlarbi M, Feki ., Haouas Z, Zemmel A, Chaouacha-Chekir RB, Boudhrioua N (2023) Anti-Obesity and Anti-Dyslipidemic Effects of Salicornia arabica Decocted Extract in Tunisian Psammomys obesus Fed a High-Calorie Diet. Foods. https://doi.org/10.3390/foods12061185.
47. Kamal A (2014) Estimation of Blood Urea (Bun) and Serum Creatinine Level in Patients of Renal Disorder. Indian J Fundam Appl Life Sci  4:199–202.
48. Kume, Shinji; Uzu, Takashi; Araki, Shin-ichi; Sugimoto, Toshiro; Isshiki, Keiji; Chin-Kanasaki, Masami; Sakaguchi, Masayoshi; Kubota, Naoto; Terauchi, Yasuo; Kadowaki, Takashi; Haneda, Masakazu; Kashiwagi, Atsunori; Koya D. (2007) Role of Altered Renal Lipid Metabolism in the Development of Renal Injury Induced by a High-Fat Diet. J Am Soc Nephrol 18:2715–2723
49. Yamamoto T, Yoshitsugu T, Atsushi T, Kimura T, Namba T et al. (2017) High-Fat Diet-Induced Lysosomal Dysfunction and Impaired Autophagic Flux Contribute to Lipotoxicity in the Kidney. J Am Soc Nephrol 28:1534–1551.
50. Bartosh SM, Aronson AJ (1999) Childhood hypertension. An update on etiology, diagnosis, and treatment. Pediatr Clin North Am 46:235–252.
51. Dyer PE (1989) The INTERSALT study: relations of body mass index to blood pressure. INTERSALT Co-operative Research Group. J Hum Hypertens 3:299–308.
52. Jomova K, Alomar SY, Valko R, Liska J, Nepovimova E, Kuca K, Valko M (2025) Flavonoids and their role in oxidative stress, inflammation, and human diseases. Chem Biol Interact 413:111489.
53. Muscolo A, Mariateresa O, Giulio T, Mariateresa R (2024) Oxidative Stress: The Role of Antioxidant Phytochemicals in the Prevention and Treatment of Diseases. Int J Mol Sci. https://doi.org/10.3390/ijms25063264.
54. Tena N, Martín J, Asuero AG (2020) State of the art of anthocyanins: Antioxidant activity, sources, bioavailability, and therapeutic effect in human health. Antioxidants. https://doi.org/10.3390/antiox9050451.
ASAT( UI/L)	a
b
c

Positive Control 	Test group	Negative control	223.9	132.22999999999999	109.21	ALAT(UI/L)	A
B
C

Positive Control 	Test group	Negative control	211.47	137.72999999999999	111.17	aa
bb
ee

Positive Control 	Test group	Negative control	



Positive control	ASAT(UI/L)	ALAT(UI/L)	147.06666666666666	128.56666666666669	Test group	ASAT(UI/L)	ALAT(UI/L)	107.83333333333333	116.73333333333333	



Positive control	TG	TC	HDL-C	LDL-C	127.80000000000001	183.56666666666669	15.066666666666665	142.94000000000003	Test group	TG	TC	HDL-C	LDL-C	123.93333333333332	177.53333333333333	27.133333333333336	125.61333333333333	



Positive control	UREA	CREATININE	8.3666666666666671	0.96666666666666667	Test group	UREA	CREATININE	6.2666666666666666	0.8666666666666667	



Positive control	TG	TC	HDL-C	LDL-C	127.80000000000001	183.56666666666669	15.066666666666665	142.94000000000003	Test group	TG	TC	HDL-C	LDL-C	123.93333333333332	177.53333333333333	27.133333333333336	125.61333333333333	



UREA ( mg/dl)	a
b
c

Positve control	Test group	Negative control	9.36	6.26	2.42	CREATININE mg/dl)	A
B
C

Positve control	Test group	Negative control	2.86	2.2999999999999998	0.56000000000000005	



Positive control	TG	TC	HDL-C	LDL-C	127.80000000000001	183.56666666666669	15.066666666666665	142.94000000000003	Test group	TG	TC	HDL-C	LDL-C	123.93333333333332	177.53333333333333	27.133333333333336	125.61333333333333	



Positive control	TG	TC	HDL-C	LDL-C	127.80000000000001	183.56666666666669	15.066666666666665	142.94000000000003	Test group	TG	TC	HDL-C	LDL-C	123.93333333333332	177.53333333333333	27.133333333333336	125.61333333333333	



TC(mg/dl)	a
b
c

Positive control	Negative control	Test group	195.57	112.5	180.93	HDL-c(mg/dl)	A
B
C

Positive control	Negative control	Test group	13.1	62.03	19.47	LDL-c(mg/dl)	aa
bb
CC

Positive control	Negative control	Test group	155.416	31.664000000000001	135.47400000000002	TG(mg/dl)	AA
BB
BB

Positive control	Negative control	Test group	135.27000000000001	94.03	129.93	






