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					ABSTRACT  

					ARTICLE INFO  

					Obesity is an emerging health problem, characterized by dyslipidemia, hyperglycemia, and  

					cardiovascular risk. Mandarin (citrus reticulata) peel (MP) is used in traditional chinese medicine.  

					Its bioactive compounds, including flavonoids, vitamins, and carotenoids, may help prevent  

					obesity. In this study, we evaluated the effects of MP from western Algeria on obesity and related  

					metabolic parameters in mice. Forty mice were divided into five groups of eight, and were fed  

					different diets for eleven weeks : standard diet, cafeteria diet, cafeteria diet supplemented with 5%  

					and 10% MP powder, cafeteria diet supplemented with MP infusion [5g MP/250ml water]  

					administered orally ad libitum. Body weight was regularly monitored. At the end of 11 weeks,  

					Blood was collected for lipid and glycemic analyses, and the mice were subsequently euthanized.  

					Histological sections of adipose tissue and liver were performed, and hepatic triglycerides were  

					measured. Our results showed that a cafeteria diet supplemented with 5% or 10% MP powder or  

					infusion significantly (P < 0.05) reduced body, liver, and adipose tissue weights compared to the  

					cafeteria diet alone. The supplementation with 5% and 10% MP powder significantly (P < 0.05)  

					reduced plasma levels of total cholesterol, triglycerides, low-density lipoprotein and glycemia,  

					and increased high-density lipoprotein (HDL) compared to the cafeteria group without  

					supplementation. The MP infusion significantly (P < 0.05) reduced triglyceride and increased  

					HDL. Both MP powder and infusion reduced adipocyte hypertrophy and prevented hepatic  

					triglyceride accumulation. These results suggest that MP may help prevent obesity and related  

					metabolic disorders, serving as a phytotherapeutic agent.  
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					Conversely, balanced meals rich in fruits, vegetables, grains, cereals,  

					and fish are associated with a reduction in obesity and hyperglycemia.6  

					Introduction  

					Obesity is a global public health problem. Its worldwide  

					prevalence has increased dramatically and leads to avoidable deaths as  

					well as numerous diseases and complications.1 Obesity is associated  

					with excessive accumulation of visceral and ectopic fat.2 This  

					accumulation poses a high risk of cardiovascular morbidity, primarily  

					due to increased chronic inflammation and oxidative stress.3 Obesity is  

					also manifested by dyslipidemia, characterized by increasing levels of  

					total cholesterol, triglycerides, and low density lipoprotein (LDL)  

					cholesterol, along with low levels of high density lipoprotein (HDL)  

					cholesterol associated with the occurrence of cardiovascular  

					complications such as atherosclerosis, myocardial infarction, and stroke  

					in obese individuals.4 Obesity is also linked to type 2 diabetes and  

					hypertension, as well as other metabolic issues that increase the risk of  

					complications. Additional risk factors may facilitate the rapid  

					progression of obesity and the emergence of problems, including  

					insufficient physical activity and, crucially, an unhealthy diet.5  

					Nutritional choices significantly influence the risk and development of  

					obesity. A diet rich in saturated fats, added sugars, and salt, along with  

					the intake of processed and fast foods, elevates the risk of obesity.6  

					These foods, rich in vitamins, minerals, polyphenols, carotenoids, fiber,  

					and omega-3 fatty acids, promote cardiovascular health by reducing  

					inflammation, regulating weight, and improving the lipid profile.4 The  

					right diet and physical activity are essential for managing obesity but  

					obese individuals often turn to non-natural pharmacological treatments,  

					which can lead to drug-related disorders. Several studies highlight the  

					role of natural products in the prevention of metabolic diseases.7,8 Thus,  

					encouraging natural phytotherapeutic alternatives is essential for health.  

					The mandarin (Citrus reticulata, family Rutaceae) is a small citrus  

					species characterized by a thin, easily peelable orange rind and a sweet,  

					aromatic pulp. Mandarins are primarily cultivated in subtropical and  

					Mediterranean regions characterized by mild winters and warm to hot  

					summers, which provide optimal climatic conditions for their growth  

					and fruit development. The peel of Mandarin, also known as chenpi,  

					possesses numerous beneficial properties. It is used as a condiment in  

					Chinese cuisine and also in traditional medicine. Mandarin peel (MP)  

					is rich in fiber and pectin, which can regulate metabolic disorders.9 It  

					contains an abundance of polyphenols, particularly flavonoids, whose  

					therapeutic effects have been widely described as antioxidant, anti-  

					inflammatory, anti-hyperglycemic, and anti-dyslipidemic.10–12 Other  

					bioactive compounds are present in mandarin peel, such as carotenoids  

					and vitamins,10,13 which are beneficial against obesity and its  

					detrimental effects, including type 2 diabetes, hypercholesterolemia,  

					and inflammation.14,15 Mandarin peel also contains the essential oil  

					limonene, which has proven effects against metabolic disorders.16  

					Extraction studies from mandarin peels have shown that extracts rich in  

					bioactive compounds have beneficial effects on insulin resistance,  

					oxidative stress, inflammation, as well as obesity and dyslipidemia.17,18  

					Additionally, it has been demonstrated that some flavonoids, such as  

					hesperidin and narirutin found in mandarin peel, have effects on weight  

					gain, fat accumulation, and lipid and glycemic disorders.19–22 However,  

					the effect of mandarin peel consumed in powder or infusion form on  
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					cafeteria diet-induced obesity remains to be studied. The cafeteria-style  

					diet, rich in calories, fats, sugars, and salts, similar to "Western" or "junk  

					food" diet, serves as a reference dietary model for studying the  

					mechanisms of obesity in animal models.23 The objective of this study  

					is to examine the preventive effect of mandarin peel (MP) from the  

					western region of Algeria in powder and infusion form on the  

					development of dyslipidemia and obesity induced by a cafeteria diet.  

					were also measured by enzymatic colorimetric methods,27 using  

					BioSystems kit's (11803) France. Liver tissues were homogenized in  

					phosphate-buffered saline (PBS) and centrifuged at 3000 rpm for 5  

					minutes at 4 °C following a standard protocol.28 Triglyceride (TG)  

					concentrations were measured using an enzymatic colorimetric assay  

					BioSystems kit (23557). Total protein content in the homogenates was  

					determined by the Bradford method,29 and hepatic TG levels were  

					normalized to protein concentration, expressed as µg of TG per mg of  

					protein.  

					Materials and Methods  

					Mandarin peel and cafeteria diet preparation  

					Histological examination  

					The mandarin (Citrus reticulata) was harvested in December 2023 from  

					biological farms in the western region of Algeria, in the city of  

					Mostaganem (Latitude : 35.85° N, Longitude : 0.05° E). It was carefully  

					washed, then the peel was removed and air-dried for five to seven days.  

					The dried peel was then ground into powder using a blender, a part of  

					the powder was infused in distilled water at a ratio of 5 g in 250 ml of  

					boiling water for 20 minutes, and then both the dried powder and  

					infusion were stored in a refrigerator.  

					For histological investigation, liver and epididymal adipose tissue  

					samples were fixed in 10% buffered formalin, embedded in paraffin,  

					and cut into 5 µm sections stained with hematoxylin and eosin (H&E).  

					The images were obtained using a light microscope (Olympus  

					CX22LED, Japan). Image J software was used to measure the area of  

					adipocytes (µm²).  

					Statistical analysis  

					The cafeteria diet was prepared according to the recommendations  

					established in litterature.24 It consists of 50% of the basic diet mixed  

					with 50% of a mixture that includes two portions of hot dog, biscuits  

					(Galette Bimo), and cheese, as well as one portion of chips, chocolate,  

					and sausage. The preparation was then kept cool in a refrigerator below  

					10°C.  

					The statistical analysis were performed using the Prism (GraphPad  

					Software Inc, CA). Data are expressed as the mean ± SEM for 8 mice.  

					Significant differences between CAF group and ST or MP treated  

					groups were revealed by Student's t-test for values with normal  

					distribution or Mann-Whitney test for non-normally distributed values.  

					Numerical variables were tested for normality by the Shapiro–Wilk test.  

					A p value lower than 0.05 was considered significant.  

					Animal Model and Experimentation  

					Male Swiss NMRI (Naval Medical Research Institute) mice (24-26g, 7  

					weeks old) were obtained from the Pasteur Institute in Algeria and were  

					acclimatized to our laboratory environment for two weeks before the  

					experimental session. They were kept in a room at a controlled  

					temperature of 23 ± 2 °C, with a humidity of 55 ± 10 % under a  

					light/dark cycle of 12 hours, and they were provided with water and  

					Results and Discussion  

					Effect of mandarin peel on weight gain, liver weight and adipose tissue  

					accumulation  

					The cafeteria diet is a high-fat, high-carbohydrate regimen that  

					effectively induces obesity in mice, closely mimicking human "junk  

					food" consumption.23 It has been shown that the cafeteria diet induces  

					weight gain and fat accumulation associated with hypercholesterolemia  

					and hyperglycemia.30 We monitored the weight progression of the mice  

					over the eleven weeks. The mice fed with the CAF diet exhibited a  

					significant increase in their body weight (P ≤ 0.05) compared to the  

					group on the standard diet (ST) and the groups that received mandarin  

					peel powder or infusion (Figures 1 A and B). Furthermore, mice fed a  

					ST diet, CAF diet, and those that received supplementation with  

					mandarin peel powder or infusion had an average food intake ranging  

					from 50 g to 60 g per day during the week (Figure 1C). It is also  

					interesting to note that there was no difference in average daily food  

					intake over the eleven weeks (Figure 1D). Regarding the mandarin peel  

					infusion, the average consumption for the group of mice was  

					approximately 70 mL per day.  

					food  

					ad  

					libitum.  

					The  

					animals  

					(Ethics  

					approval  

					:45/DGLPAG/DVA.SDA.14) were divided into five groups of eight  

					animals. Group ST : received a standard laboratory diet daily, Group  

					CAF : received a cafeteria diet daily, Group CAF+MP5% : received a  

					cafeteria diet supplemented with 5% mandarin peel powder daily,  

					Group CAF+MP10% : received a cafeteria diet supplemented with 10%  

					mandarin peel powder daily, Group CAF+MP INF : received a cafeteria  

					diet daily and mandarin peel infusion twice a week (5g MP infused in  

					250 ml water, administered orally ad libitum, using a ball-tipped  

					drinking bottle). The diets were prepared once a week and stored in  

					opaque bottles at 4°C. Body weight was recorded weekly whereas feed  

					consumption was monitored daily, and the remaining 120ml of the  

					initial infusion volume was measured the following day, during 11  

					weeks of experiment. This study was approved by the Algerian  

					Institutional Animal Ethics Committee (approval number  

					:

					The effect of mandarin peel powder and infusion on the weight of the  

					liver, the perirenal and epididymal adipose tissues was examined. Our  

					results showed that CAF group had a significantly higher (P < 0.05)  

					relative and absolute weight of the liver compared to the ST group or  

					the groups supplemented with mandarin peel powder at 5% and 10% or  

					mandarin peel infusion (Figures 2 A and B). On the adipose tissue  

					weight CAF consumption significantly increased (P < 0.01) relative and  

					absolute mass perirenal and epidydimal adipose tissue weights  

					compared to the ST group (Figures 2 C.D and E.F). Compared to CAF  

					group, the supplementation with mandarin peel powder at 5% and 10%  

					or mandarin peel infusion significantly decreased (P < 0.05 and P < 0.01  

					respectively) the relative and absolute weight of perirenal and  

					epidydimal adipose tissue (Figures 2 C.D and E.F). Our findings  

					indicate that mandarin peel powder and infusion attenuate the effects of  

					the cafeteria diet on liver weight and on perirenal and epididymal  

					adipose tissue weight. Results reported by Qian et al. (2021)31 also  

					demonstrated that supplementation with mandarin peel originating from  

					China could impact fat accumulation in mice on a normal diet. Another  

					study also demonstrated the preventive effect of a compound extract  

					obtained through an aqueous extraction method from an immature  

					mandarin peel on fat accumulation in mice subjected to a high-fat diet.32  

					45/DGLPAG/DVA. SDA.14) and supported by the Ministry of Higher  

					Education and Scientific Research - Algeria. The experiments were  

					conducted in accordance with ethical guidelines for the care of animals.  

					Blood collection and tissue preparation  

					At the end of the experiment, the mice were fasted overnight, and  

					approximately 1.5 ml of blood was collected via retro-orbital puncture  

					and centrifuged at 3500 rpm for 15 minutes at 4°C. The plasma was  

					separated and stored at -20°C for lipid profile analysis and glycemia  

					determination. After blood collection, the mice were euthanized by  

					cervical dislocation, and their liver, perirenal and epididymal adipose  

					tissue, were immediately removed and weighed. The liver and adipose  

					tissues were preserved in formalin for histological sections or stored at  

					-20°C for the measurement of hepatic triglycerides.  

					Biochemical analysis  

					Serum total cholesterol (TC), triglyceride (TG) and High-density  

					lipoprotein (HDL) were determined by enzymatic colorimetric  

					methods,25 using the BioSystems kit's (21505, 23557, 23528) France.  

					Low-density lipoprotein (LDL) was estimated using the Friedewald  

					equation,26: LDL-C = TC - (HDL + TG/5). Fasting blood glucose levels  
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					Figure 1: Effect of Mandarin peel on food consumption and weight gain. (A)Weight gain per week. (B) Initial and final weight.  

					(C)Food consumption average per weekday. (D) Food consumption average per day during the eleven weeks. ST : Standard diet, CAF :  

					Cafeteria diet, MP : Mandarin peel, MP INF : MP Infusion. The amount of food ingested is expressed in g/day. Data are expressed as  

					the mean ± SEM (n=8). * P ≤ 0.05; indicates significant differences compared with the only CAF group  

					Mandarin peel positively influences lipid parameter and glycemia  

					levels  

					supplementation at 5% and 10% significantly decreased (P < 0.05)  

					glycemia levels compared to the CAF group, and non-significantly  

					lower levels were observed in the group supplemented with mandarin  

					peel infusion compared to the CAF group (Figure 3 E). These results  

					validate the preventive effect of mandarin peel powder on  

					hyperglycemia induced by the cafeteria diet. However, supplementation  

					with mandarin peel infusion did not significantly reduce glucose levels  

					in this group. This still buttresses the point that the powder is better than  

					the infusion. Thus, it is possible that administering mandarin peel  

					infusion twice a week in this study was not sufficient to significantly  

					reduce TC, LDL, and glycemia. Consumption more than twice a week  

					may have a better effect. Moreover, the absence of heat treatment could  

					enhance the efficacy of the powdered mandarin peel. On the other hand,  

					the infusion of mandarin peel allows for the extraction of certain active  

					ingredients while eliminating the fibers, whereas it is suggested that  

					citrus peel fibers can reduce hypercholesterolemia and hyperglycemia  

					by modulating lipid metabolism and decreasing glucose absorption.35  

					Thus, mandarin peel powder may be more effective as a supplement. In  

					literature, similar results in mice fed a high-fat diet demonstrated that  

					polyphenol-rich mandarin peel extract compound reduce levels of lipid  

					parameters including TC, LDL, and TG, and may stabilize fasting blood  

					glucose levels.36 Our results also align with some studies describing the  

					potential role of extracts from some types of mandarin or citrus peel in  

					reducing lipid and glucose parameter levels in a high-fat diet.21,37,38  

					Castro and his team also highlighted the potential role of mandarin peel  

					oil in preventing atherosclerosis through a mechanism that involves  

					inhibiting lipid synthesis and storage, along with reducing lipid  

					peroxidation of LDL.17 Thus, mandarin peel could serve as an effective  

					agent in preventing the dysregulation of metabolic parameters induced  

					by an obesogenic diet.  

					Dyslipidemia is characterized by an increase in total cholesterol,  

					triglycerides, LDL levels, often associated with a decrease in HDL.33  

					These characteristics are directly associated with inflammatory  

					problems, specifically atherosclerosis and other cardiovascular issues,  

					including stroke, myocardial infarction, and venous thrombosis in obese  

					persons.3 While high levels of HDL may suggest a cardioprotective  

					role.34 In our study, we evaluated the effect of mandarin peel powder  

					and infusion supplementation on dyslipidemia. As demonstrated in  

					Figure 3, the CAF fed mice had significantly increased levels of total  

					cholesterol (TC) (P < 0.01), triglycerides (TG) (P < 0.01), and low-  

					density lipoprotein (LDL) (P < 0.01) and a significantly decreased level  

					of high-density lipoprotein (HDL) (P < 0.05) compared to the ST fed  

					mice (Figure 3). However, 5% and 10% mandarin peel powder  

					supplementation significantly decreased (P < 0.05 and P < 0.01 and P <  

					0.001) the concentrations of TC, TG, and LDL respectively, while HDL  

					was significantly increased (P < 0.01) compared to the CAF group  

					(Figure 3). This finding confirms the efficacy of mandarin peel powder  

					in inhibiting the increases of lipid parameters ; TC, TG, and LDL, while  

					maintaining stable levels of HDL, following a cafeteria diet. Notably,  

					there were no significant variations in our results between the 5% and  

					10% mandarin peel powder supplementation. Nevertheless, in the group  

					supplemented with mandarin peel infusion, there was no significant  

					difference in TC and LDL levels compared to the CAF group. However,  

					a significant decrease (P < 0.05) in TG concentration and a significant  

					increase (P < 0.05) in HDL concentration were observed (Figure 3).  

					This indicates that powdered mandarin peel is preferable to an infusion,  

					as the powdered peel exhibits greater efficacy.  

					Obesity is often associated with hyperglycemia. In our résultats, the  

					glycemia was significantly higher (P < 0.05) in the CAF fed mice  

					compared to the ST fed mice. The mandarin peel powder  
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					Figure 2: Effect of Mandarin peel on liver weight and adipose tissue accumulation. (A)(B) Relative and absolute liver weight (g). (C)  

					(D) Relative and absolute perirenal adipose tissue weight (g). (E) (F) Relative and absolute epididymal adipose tissue weight (g). ST :  

					Standard diet, CAF : Cafeteria diet, MP : Mandarin peel, MP INF : MP Infusion. The relative weight is determined by the ratio of the  

					liver or adipose tissues weight/total weight of mice × 100. Data are expressed as the mean ± SEM (n=8). * P ≤ 0.05; ** P ≤ 0.01;  

					indicates significant differences compared with the only CAF group  

					Figure 3: Effect of Mandarin peel on metabolic parameters and glucose homeostasis. (A)Total cholesterol. (B) Triglycerides. (C) LDL  

					cholesterol. (D) HDL cholesterol. (E) Glycemia. ST : Standard diet, CAF : Cafeteria diet, MP : Mandarin peel, MP INF : MP Infusion.  

					Lipid parameter and glycemia measurements were performed using enzymatic colorimetric techniques. Data are expressed as the mean  

					± SEM (n=8). * P ≤ 0.05; ** P ≤ 0.01; *** P ≤ 0.001 indicates significant differences compared with the only CAF group  
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					Figure 4: Effect of mandarin peel on epididymal adipose tissue and on the liver. (A) Representative histological images sections of  

					epididymal adipose tissue stained H&E, captured in 100X (scale bar represents 200µm). (B) Adipocyte area determined by image J  

					software. (C) Representative histological images sections of liver tissue stained H&E, captured in 100X and 400X. (D) Hepatic  

					triglycerides measurements were performed using enzymatic colorimetric techniques, and were normalized to protein concentration.  

					ST : Standard diet, CAF : Cafeteria diet, MP : Mandarin peel, MP INF : MP Infusion. Data are expressed as the mean ± SEM (n=8). * P  

					≤ 0.05; ** P ≤ 0.01 indicates significant differences compared with the only CAF group  

					Mandarin peel modifies the volume of epididymal adipose tissue and  

					prevents the development of early hepatic steatosis  

					0.05 and P < 0.01) compared to the CAF group (Figure 4D). The results  

					regarding the induction of the cafeteria diet in adipocyte hypertrophy  

					and fatty liver disease have already been demonstrated by various  

					studies.30,41 However, studies such as Zunili ke et al. and Meiyi Hu et  

					al. have demonstrated the beneficial effects of extract compounds  

					obtained through chemical extraction (alcohol/ethyl acetate extraction  

					method) of mandarin peel, as well as the effects of peel powder from  

					other citrus fruits, on hepatic steatosis and adipocyte hypertrophy in  

					animal models subjected to a high-fat diet.38,42 Thus, Mandarin peel may  

					also possess protective effects against lipogenesis and hepatic steatosis.  

					Our studies have shown that mandarin peel from the west Algerian  

					cultivation prevents the obesogenic effect of a cafeteria diet in mice.  

					The mandarin peel contains fiber, mainly pectin, essential oil rich in  

					limonene and limonoid components, polyphenols, including flavonoids,  

					vitamins, and carotenoids.10,11,16 It would thus be essential in the  

					prevention of obesity. The literature describes these compounds as  

					potent antioxidants and anti-inflammatory agents, highlighting their  

					effects on fat accumulation, improvement of lipid and glycemic profile  

					parameters, and probably protection against obesity-associated hepatic  

					steatosis.9,14,15,20 Some flavonoids that are abundant in mandarin peel  

					have been extensively studied, with hesperidin, narirutin, and nobiletin  

					Obesity is often associated with an accumulation of visceral fat  

					associated with adipocyte hypertrophy, and accumulation of fat in the  

					liver, leading to non-alcoholic fatty liver disease (NAFLD).39,40 To  

					evaluate the effect of mandarin peel powder and infusion on adipose  

					tissue size and on hepatic steatosis, histological analysis was used. The  

					CAF diet promoted adipocyte hypertrophy with a significant increase  

					of adipocyte area compared to the ST diet (Figures 4A and B). This  

					effect was prevented by supplementation with 5% and 10% mandarin  

					peel powder and mandarin peel infusion (Figures 4A and B). In the  

					liver, the mice fed a CAF diet exhibited early hepatic steatosis,  

					characterized by the appearance of pre-macrovacuolar lipid droplets  

					compared to mice fed a ST diet (Figure 4C). However, supplementation  

					with mandarin peel powder at 5% and 10% or mandarin peel infusion  

					reduced the appearance of lipid droplets in the livers of mice (Figure  

					4C). The hepatic triglycerides (TG) levels were also measured. The  

					CAF fed mice had significantly higher levels of hepatic TG (P < 0.01)  

					compared to the ST fed mice (Figure 4D). However, in the group  

					supplemented with mandarin peel powder at 5% and 10% or mandarin  

					peel infusion, there were significantly decreased hepatic TG levels (P <  
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					demonstrating their effectiveness in reducing fat accumulation,  

					combating obesity, and managing dyslipidemia and  

					Inflammation on Cardiovascular Diseases (CVD). Int. J. Mol.  

					Sci. 2021; 22(9):4798. doi:10.3390/ijms22094798.  

					hyperglycemia.20,21,43,44 Flavonoids and phenolic acid, which are  

					abundant in citrus peels, can reduce fat absorption in the intestine while  

					modulating the gut microbiota associated with obesity.45 They also  

					exert anti-obesity effects by modulating lipid metabolism parameters,  

					inhibiting lipogenesis enzymes and stimulating lipolysis, while  

					promoting the degradation of triglycerides stored in adipocytes.46–48 In  

					addition, these compounds inhibit adipogenesis, and promote the  

					differentiation into brown adipocytes by acting on signaling and  

					proliferation pathways.46–48 Studies have shown that extracts from  

					citrus peels, including mandarin, which are rich in polyphenols and  

					essential oils, improve lipid metabolism hemostasis and enhance insulin  

					sensitivity and hyperglycemia by regulating the expression and  

					activation of genes related to lipogenesis, lipolysis, adipogenesis, and  

					glycolysis.36,49,50  
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					In addition to its anti-obesity potential, mandarin peel contains  

					bioactive compounds that are potent antioxidants and anti-  

					inflammatory agents. Thus, the mandarin peel may provide a broader  

					therapeutic spectrum and serves as an asset in the diet, contributing to  

					the improvement of metabolic and cardiovascular health.  

					8.  

					9.  

					Conclusion  

					Our investigation demonstrates the preventive effect of mandarin  

					(citrus reticulata) peels in powdered form and as an infusion from the  

					western region of Algeria on obesity. The mandarin peel prevents  

					overweight conditions and also inhibits fat accumulation. Furthermore,  

					this condiment helps regulate dyslipidemia and blood glucose levels,  

					and reduces hepatic steatosis. Whether in different doses as powder or  

					as an infusion, both methods appear to be effective in obesity prevention  

					although the powder form may be more effective. However,  

					consumption of more than two days per week in infusion form could  

					have a better effect on lipid and glucose levels parameters. Thus, our  

					study underscores the importance of using mandarin peel either as a  

					food condiment or as a form of phytotherapy, because it could be an  
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