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Abstract: 

Carbon tetrachloride (CCl4) is a toxic substance linked to liver 
damage and oxidative stress. So, the current study investigated the 
influence of pomegranate peel waste on minimizing the risk of CCl4 
hepatotoxicity in rats. Thirty male albino rats were divided into two 
main groups. The first group ) was the negative control group (6 
rats), fed on a basal diet for all experimental periods. The second 
group (hepatotoxic rats) (n=24 rats)was divided into four subgroups 
(6 per each group) .subgroup one served as the positive control 
group .subgroup 2, 3, and 4 were fed on 1.5, 3, and 4.5% of 
pomegranate peel powder respectively for 30 days. Subcutaneous 
injection of CCl4 produced a marked elevation (P < 0.05) in the serum 
levels of aspartate transaminase (AST), alanine transaminase (ALT), 
and alkaline phosphatase (ALP), malondialdehyde (MDA), total 
cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDLc) 
and very low-density lipoprotein(VLDL). Treatments of 4.5% of 
pomegranate peel improved liver function, antioxidant status in liver 
tissues, and lipid profile compared to the positive control group. In 
conclusion, our results suggest that pomegranate peel has 
antihepatotoxicity and antioxidant properties in hepatotoxic rats by 
CCl4. 
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Introduction 
The liver is a vital organ of the human body that regulates various important activities of the 
body, including biotransformation and detoxification of foreign and endogenous chemicals 
[1]. It responds to oxidative stress by activating antioxidant systems that neutralize reactive 
oxygen and nitrogen free (RONS) radicals. [2]. Carbon tetrachloride (CCl4) is an organic 
compound having the formula CCl4. CCl4 is also well known for its liver toxicity. It causes 
immediate liver injury in the form of necrosis and steatosis. This impact is caused by the 
generation of free radicals, specifically trichloromethyl (CCl3) and peroxy trichloromethyl 
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(OOCCL3) radicals. These free radicals can cause lipid peroxidation, which can damage cell 
membranes, changes in enzyme activity, and, finally, liver injury and necrosis. [3]. CCl4 acted 
as a major chemical in tissue injury. Several research were conducted, and various theories 
were advanced. As a result, several significant basic mechanisms of tissue injury, such as 
metabolic activation, reactive free radical metabolites, lipid peroxidation, covalent bonding, 
and disruption of calcium homeostasis, have emerged [4]. 
Fruit byproducts are rich in bioactive chemicals that have the potential to be used as 
antioxidants in food [5]. Food waste is one of humanity's most serious problems [6]. 
Pomegranate (Punica granatum L.) is a tropical and subtropical fruit that contains numerous 
bioactive chemicals. When producing juice and preserves from pomegranates, large 
numbers of byproducts are produced [7]. Pomegranate peel is obtained after the processing 
of pomegranate juice, which is an inedible portion. Tannins, flavonoids, and other phenolic 
substances are abundant in pomegranate skin[8]. It contains polyphenolic antioxidants like 
as flavonoids and tannin [9]. Antioxidant activity has been found to be important in a variety 
of pharmacological pathways such as anti-aging, anti-atherosclerosis, and anti-inflammatory 
activity. Antioxidant supplementation has become an appealing therapeutic option for 
decreasing disease risk by inhibiting free radical produced damage. Free radicals initiate 
oxidative stress. The peel of pomegranate has been shown to protect against sepsis-induced 
acute liver damage. The study also demonstrated that the fruit phenolics' free radical 
scavenging properties and anti-inflammatory activities are the primary mechanisms by 
which pomegranate phenolics reduce and mitigate the risks of acute liver injury. The 
phenolics in pomegranate peel aid in the modification of inflammatory pathways [10]. 
Therefore, this study was carried out to encourage the utilization of pomegranate peel as a 
waste which remain from food factories to promote the health by reducing the risk of 
hepatotoxic rats by CCl4. 
 

Materials and methods 
Materials 
Chemicals: Cellulose, casein, mineral mixture, vitamin mixture, corn oil and corn starch were 
obtained from Morgahn Co., Menoufia, Egypt, Carbon tetra chloride (CCL4) was obtained 
from Memphis Co. from pharm. Chem. Ind, Cairo, Egypt. Pomegranate peel: was obtained 
from Edfina company for food preservation, Alexandria, Egypt. Kits:  for estimation 
biochemical analysis were obtained from Alkan medical company, St. El-Dokki, Cairo, Egypt. 
Rats: Thirty male Sprague-Dawley albino rats 200± 5g were purchased from Conjunctivitis 
Eye Institute Giza, Egypt. Cupcake ingredients: Wheat flour (72% extract) , powdered sugar 
,baking powder ,margarine butter ,fresh whole eggs , skimmed milk and vanillin flavor were 
obtained from the local market , Menoufia , Egypt. 
Methods: 
Preparation of pomegranate peel: 
Pomegranate peel was washed several times with tap water , then dried for 5 days at 50°C 
in a “ Plue Pardng oven, Taiwan.T. S100 ”. These dried wastes were crushed to pass through 
60 mesh sieves and stored in tight glass jars at -10°C until used . 
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Chemical analysis: 
Determination of chemical composition and bioactive compounds of pomegranate peel: 
Moisture, fat, protein, fiber and ash contents of pomegranate peels were determined 
according to the methods of [11]. The carbohydrate was calculated by difference [12]. 
Determination of total phenols, total flavonoids, anthocyanin and antioxidant activity (DPPH) 
according to [13], [14] and [15] respectively. 
Experimental design:  
The Research Ethics Committee from the Faculty of Science, Menoufia University, Egypt was 
approved on the strategy of this experiment (Approval No SNFS 623). The rats were housed 
in well aerated cages individually under hygienic laboratory condition at Faculty of Home 
Economics, Menoufia University and fed standard diet according to AIN-93 guidelines [16] 
for 7 days as an adaptation period. 
The rats (n=30) were randomly divided into two main groups according to the following: 
Group I: (n=6) negative control group was fed basal diet. Group II: hepatotoxic groups (n 
=24). Hepatotoxic groups were treated with orally a single dose of 1 mg/kg body weight 
carbon tetrachloride (was dissolved in sunflower oil 1:1) according to[17], then divided into 
four subgroups (6 rats each) according to the following: subgroup 1 positive control group. 
Subgroup 2 , 3 and 4 were fed 1.5, 3 and 4.5% of pomegranate peel powder respectively for 
30 days. After the end of experimental period (30 day), animals were anesthetized with 
xylazine hydrochloride and ketamine hydrochloride [18] after fasting for 12h and blood 
samples were collected from the hepatic portal vein, for used to the biochemical assays. 
Livers of the rats were taken directly to determine the antioxidant activity in liver tissues. 
Biochemical assays: 
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined 
according to the methods described by [19]. Alkaline phosphatase (ALP) was determined 
according to [20], Gamma-Glutamyl Transferase (GGT) was determined according to the 
methods described by [21]. Total protein (TP), albumin and globulin were determined 
according to [22]and [23]. Globulin and albumin to globulin ratio (A/G ratio) was calculated 
according to[24].Total bilirubin (TB)was determined according to the methods described by 
[25]. Malondialdehyde (MDA) was determined according to [26],superoxide dismutase 
(SOD) was also assayed using commercial kits according to [27], total antioxidant capacity in  
liver tissues ( TAC ) was determined according to [28].Total cholesterol (TC),triglycerides (TG) 
and high density lipoprotein cholesterol (HDLc) were determined according to [29]. Very low 
density lipoproteins (VLDL-c) and low density lipoproteins (LDL-c) were determined 
according to [30] as the following equations: LDL-c (mg / dl) = total cholesterol –(HDL-c + 
VLDL-c). VLDL-c (mg / dl) =triglycerides / 5. 
Technological methods  
Preparation of cupcake ingredients: 
Control cupcake was prepared according to the following formula [31] as shown in Table (A). 
Cupcake butter and sieved sugar were creamed together in the mixer (HMS-Fresh-Egypt) for 
5 minutes until light in color, as stated by [32].Eggs were added and combined for 5 minutes 
before adding vanillin, wheat flour, skimmed milk, baking powder, and water to the moisture 
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and blending for 1 minute. Butter was placed in pans with internal dimensions of 18.5 x 9.5 
x 5 and baked at 220°C in an electric oven (8605 Universal-Egypt) for 45 minutes. The cake 
was left at room temperature (25°C) overnight and wrapped in aluminum foil until the panel 
test. As a "fat replacer," 3 and 4.5% of  pomegranate peel flour was replaced with the butter 
. 

Table (A): Ingredients of control cupcake and cupcakes which replacing fat with 3 and 
4.5% of pomegranate peel 

Ingredients(g) Control Pomegranate Peel powder 

0% 3% 4.5% 

Wheat flour 30.07 30.07 30.07 

Sugar  28.68 28.68 28.68 

Butter 10.79 10.47 10.3 

Eggs 14.71 14.71 14.71 

Skimmed milk 15.02 15.02 15.02 

Backing powder 0.05 0.05 0.05 

Vanillin 0.68 0.68 0.68 

Pomegranate peel powder  0 0.32 0.49 

Total 100 100 100 

Sensory evaluation of cupcakes: 
The sensory properties (Taste , color , flavor ,texture , appearance and over-all acceptability) 
of cupcakes were evaluated by the method recommended by [33] using a hedonic rating 
test. Panelists were chosen based on their interest, and samples were served to fifteen of 
staff members and post graduate students in the Department of Nutrition and Food Science. 
They were asked to rate the acceptability of the cupcakes on a 1-9 point scale, ranging from 
the like extreme (9) to the dislike extreme (1), as described by [34].Cupcakes were tested 24 
hours after backing. After cooling, the cupcakes were cut into 15 cm radial portions, sealed 
in plastic bags, and kept at room temperature (25°C) until sensory analysis. On white plates, 
randomly coded samples were served one at a time to them .Panelists were served samples 
in a room with separators between each seat and overhead fluorescent lighting. Before 
beginning and between sample evaluations, panelists were told to rinse their mice with tap 
water. 
Statistical Analysis: 
The data were recorded as a mean ±SD. Using a statistical analysis method, the experimental 
data were subjected to an analysis of variance (ANOVA) for a completely randomized design 
[35]. Duncan's multiple range tests were performed to determine mean differences at the 
5% level. 
 

Results and Discussion 

Table (1) showed the proximate chemical composition and bioactive compound of dried 
pomegranate peel. The pomegranate peel had 13.46g/100g moisture, 66.58 g/100 g total 
carbohydrates, 12.13 g/100 g fiber, 3.11 g/100 g ash, 1.54g/100g fat and 3.18 g/100 g 
protein. The energy content was 292.9 Kcal/100 mg. This result is in accordance with those 
found by Spilmont et al.[36] who reported that pomegranate peel had 14,70, 12.61, 6.8, 2.4 
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and 5.1 g/100g for moisture, carbohydrates, fiber, ash, fat and protein respectively. In the 
same table, total phenols total flavonoids, anthocyanin and antioxidant activity in 
pomegranate peel powder were 171.18 mg/g, 43.84 mg/g, 71.18 mg/100g and 86.11% 
respectively. These findings are supported by Morea et al. [37] which reported that 
pomegranate peel powder has high levels of total flavonoids 18.6 mg/g, total phenols 
410mg/g (as gallic acid) and anthocyanins 33.31 mg/100g and has a high potency as an 
antioxidant. 
 

Table (1): Proximate chemical composition and bioactive compound of pomegranate 
peel (on the dry weight basis %). 

Parameters Pomegranate peel powder 

Moisture (g/100g) 13.46 ± 0.04 
Crude protein (g/100g) 3.18 ± 0.02 
Crude fat (g/100g) 1.54 ± 0.04 
Fiber (g/100g) 12.13 ± 0.02 
Ash (g/100g) 3.11 ± 0.02 

Carbohydrates (g/100g) 66.58  ± 0.02 
Energy(kcal) 292.9 ±0.01 
Total phenols   (mg/g) 171.18 ± 0.01 

Total flavonoids   (mg/g) 43.84 ± 0.01 
Anthocyanin   (mg/100g) 71.18 ± 0.02 
Antioxidant activity (DPPH) % 86.11±0.01 

Each value in the table is the mean  standard deviation of three replicates 
 

The effect of pomegranate peels on serum biochemical hepatic markers of normal and 
hepatotoxic rats is presented in Table (2). The obtained results showed that serum ALT, AST, 
ALP and GGT in CCL4 group which received a normal diet (positive control group) had 
significantly (P ≤ 0.05) elevated levels compared to a normal control group and other treated 
hepatotoxic groups. These findings are in agreement with Oriakhi and Uadia,[38] who 
reported that CCl4-induced liver injury may be directly related to increased serum levels of 
these markers indicating loss of hepatocyte membrane integrity. On the other side, a 
reduction of ALT, AST, ALP and GGT in hepatotoxic rats after treated with 4.5 and 3 % of 
pomegranate peels respectively and the treatment of 4.5% was more effective. These 
obtained results were consistent with those reported by Toklu et al. [39] who showed that 
ingesting pomegranate peel reduced bile duct binding, which led to restoration of liver 
function, and modification of liver enzymes. Moreover, people with liver disease can use 
pomegranate peel powder as a food ingredient that is rich in phenolic compounds as it 
protects against oxidative stress. [40]. The mean values of T.B, D.B and ID.B of  serum in the 
hepatotoxic group which received normal diet (positive control group) had significantly (P ≤ 
0.05) elevated levels compared to the negative control group and other treated hepatotoxic 
groups. Ingesting rats with diet replaced by 4.5% of pomegranate peels had the best in 
reduction of T.B , D.B and ID.B compared to other treated groups. These results are 
consistent with Salwe et al.[41] who indicated that pomegranate peel decreased the activity 
of total bilirubin, direct and indirect. Our results also showed that T.P, ALB, and G in the 
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positive control group had significantly (P ≤ 0.05) lower levels than normal control group and 
other treated hepatotoxic groups. While A/G ratio had elevated levels. On the other side, 
this study showed elevated levels of serum T.P, ALB , and G and reduce A/G ratio in 
hepatotoxic rats after being treated with 4.5and 3 % of pomegranate peels respectively. 
These results are in line with Vidal et al. [42] who indicated that the presence of active 
compounds such as flavonoids, phenols, and triterpenes, which are considered antioxidants, 
play an essential role in stimulating the process of protein synthesis in their various locations 
in the body, which is attributed to these effects. These increases in serum proteins are due 
to the role of antioxidants in reducing oxidative stress, which works to inhibit the secretion 
of cortisone from the adrenal cortex, which improves or increases the level of proteins in the 
circulation [43] . 
 

Table (2): Effect of pomegranate peels on serum biochemical hepatic markers of 
normal and hepatotoxic rats. 

Parameters Normal group 
Hepatotoxic groups 

Positive group 1.5% Peel 3% Peel 4.5% Peel 

ALT (U/L) 89.79e ± 0.43 314.20a±0.31 241.17b±0.41 154.83c±0.41 141.08d±0.20 
AST (U/L) 90.94e±0.26 250.10a±0.49 241.67b±0.52 157.83c±0.41 122.75d±14.34 
ALP  (U/L) 98.07e±0.24 381.47a±0.39 278b±0.01 169.50c±0.55 160.50d±0.55 
GGT (U/L) 1.10d±0.09 6.38a±0.42 4.80b±0.24 3.90c±0.09 3.68c±0.34 
T.B   (U/L) 1.10e±0.42 4.11a±0.01 4.04b±0.01 3.22c±0.01 2.97d±0.01 
D.B   (U/L) 0.43e±0.01 2.55a±0    .01 2.50b±0.01 1.85c±0.01 1.65d±0.01 
ID.B (U/L) 0.68e±0.01 1.56a±0.01 1.54b±0.01 1.37c±0.01 1.33d±0.01 
T.P   (U/L) 9a±0.01 4.39e±0.01 5.23d±0.01 6.80c±0.01 6.35b±0.01 
ALB (U/L) 5.45a±0.01 3.31e±0.01 3.68d±0.01 4.42c±0.01 4.69b±0.01 

G      (U/L) 3.55a±0.01 1.09e±0.01 1.56d±0.01 2.39c±0.01 2.67b±0.01 
A/G ratio (%) 1.54e±0.01 3.05a±0.01 2.36b±0.01 1.85c±0.01 1.75d±0.01 
Data are expressed as mean ±SD. Values within in a row having different superscripts are significantly different (p≤0.05).  
 

Data showed in Table (3) reflected the effect of pomegranate peels on antioxidant status in 
the liver tissues of normal and hepatotoxic rats. The obtained results showed that MDA had 
significantly (p ≤ 0.05) elevated levels, while SOD and TAC had low levels in positive control 
group compared to negative control group. These results were similar to the results obtained 
by Yang et al.[44] who reported that CCl4 toxicity depleted SOD from hepatocytes resulting 
in rapid, easier, and long-lasting liver damage. This study showed a gradual improvement of 
antioxidant serum levels in the liver tissues of hepatotoxic rats which fed on 4.5% of 
pomegranate peels followed by 3%.  This effect may due to very high total antioxidant activity 
in pomegranate peel   because it has large amounts of total "flavonoids and polyphenolic" 
compounds.  Ellagic and Gallic acids present in pomegranate peel act as powerful free radical 
scavengers, resulting in restoring the activity of hepatic enzymes (peroxidase, superoxide 
dismutaseas and catalase) and inhibiting lipid peroxidation process[45]. Also, some parts of 
pomegranate peel as polysaccharides have free radical scavenging property [46]. 
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Table (3): Effect of pomegranate peel on antioxidant status in the liver of normal and 
hepatotoxic rats. 

Parameters Normal Groups 
Hepatotoxic groups 
Positive Group 1.5% Peel 3% Peel 4.5% Peel 

MDA (nmol) 0.38e±0.01 13.55a±1.08 10.18b±10.18 3.70c±0.19 2.76d±0.22 
SOD (mg/dl) 252.53a±0.45 42.23e±0.24 61.90d±0.39 110.83c±0.41 121b±0.01 

TAC (µM/g tissue) 13.85a±0.38 0.33e±0.03 0.93d±0.06 3.02c±0.26 3.76b±0.20 

Data are expressed as mean ±SD. Values within in a row having different superscripts are significantly different (p≤0.05). 

MDA: Malondialdehyde, SOD: Superoxide Dismutase, TAC: Total Antioxidant Capacity. 
 

Effect of pomegranate peels on lipid profile is presented in Table (4). Hepatotoxic group 
which received basal diet (positive control group) had the highest (P ≤ 0.05) values of TC, TG, 
LDL and VLDL compared to negative control group and pomegranate peel groups while, HDL 
had opposite trend. These data were in partial harmony with Venkatanarayana et al. [47] 
who found that elevated serum TC, TG, LDLc, and VLDLc levels and elevated cholesterol 
synthesis are biomarkers of liver damage due to CCL4 toxicity. In the same table the TC, TG, 
LDL and VLDL levels were significantly (P≤0.05) decreased by increasing the replacement 
level of pomegranate peels. Better improvement of TC, TG, LDL, HDL and VLDL levels in 
serum were observed in rats feeding 4.5% of pomegranate peels. This may be due to high 
contents of total phenols total flavonoids and anthocyanin in this group. These results in 
agreement with Aviram et al. [48]who reported that these effects of pomegranate peels are 
due to its strong antioxidant that leads to a decrease in the rate of lipid oxidation and may 
also help reduce the effect of high cholesterol production in the serum [49] . 
 

Table (4): Effect of pomegranate peel on lipid profile of normal and hepatotoxic rats 
Parameters Normal Groups Hepatotoxic groups 

Positive Group 1.5% Peel 3% Peel 4.5% Peel 
TC(mg/dl) 100.50e  ±0.55 245.50a  ± 0.55 230.50b ± 0.55 207.50c ± 0.55 199.70d ± 0.55 
TG(mg/dl) 70.33e  ± 0.82 178.30a  ± 0.11 158.67b ± 0.52 122.50c ± 0.55 108.50d ±0.55 
HDLc(mg/dl) 45.50a  ± 055 31.50e  ± 0.55 33.50d ± 0.55 37.67c ± 0.52 39.67b ± 0.52 
LDLc(mg/dl) 40.90e  ± 0.11 178.30a ± 0.11 165.27b ± 1.17 145.27c ± 1.16 138.13d± 0.37 
VLDLc(mg/dl) 14.10e  ± 0.11 35.60a ± 0.31 31.73b ± 0.10 24.50c ± 0.11 21.70d ± 0.11 
Data are expressed as mean SD Values within in a row having different superscripts are significantly different (p≤0.05). TC: 

Total Cholesterol, TG: Triglyceride, HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein , VLDL: Very Low 

Density Lipoprotein. 
 

Data recorded in Table (5) showed the sensory evaluation of control cupcake and cupcakes 
which replacing fat with 3 and 4.5% of pomegranate peel powder. Cakes have enjoyed the 
relatively constant position in our diets for a long time and its beautiful taste has encouraged 
the development of newer and more attractive items that are available in the market today. 
It is usually a dessert choice for meals at a ceremonial event especially wedding anniversaries 
and birthdays [50]. The obtained results indicated that the control cupcake (0% pomegranate 
peel powder) is more acceptable one than the cupcake which replacing fat with 3 and 4.5% 
of pomegranate peel powder respectively in all sensory properties. These results are in line 
with Lotfy and Barakat,[51] who reported that when, the amount of pomegranate peel 
powder was increased, it led to a decrease in taste score which may be due to the mild 
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bitterness of tannin and phenolic compounds. Also agreed with Izonfuo et al. [52] who 
showed that the high amount of pomegranate peel powder that added led to a slight 
decrease in the taste score due to the bitter taste of the phenolic compounds present in the 
pomegranate peel powder.  Also, our results noticed that the control cupcake is the most 
acceptable one in the color score followed by the one which contains 3 and 4.5% of 
pomegranate peel respectively. This is similar to the finding of Ahenkora et al.[53] and Abdel-
Rahim et al.[54] who reported that the color of the cupcake decreased with the addition of 
pomegranate peel powder, and this is due to the dark brown color of the pomegranate peel 
powder that contains phenolic compounds such as tannins.  Also the current results is similar 
to Greiby, Siddiq, Dolan, Kelkar,[55] who stated that the decrease in crust color values have 
been linked to anthocyanin deterioration during baking and may be due to Maillard 
reactions. Moreover in crumb color measurements, a statistically increase in a values was 
observed when pomegranate peel powder was lower. Also, the obtained result indicated 
that the control cupcake is the most acceptable one in the texture score followed by the one 
which contains 3 and 4.5% of pomegranate peel respectively. This was described by Ismail 
et al. [56] who noticed that a moderate and gradual increase in the amount of fiber in 
pomegranate peel powder led to the textural hardness property of the cookie product, which 
led to a decrease in the sensory degree of it. The higher the pomegranate peel 
supplementation levels, the increases in the hardness values of the muffins. This can be 
explained by the higher dietary fiber concentrations of pomegranate peel. These effects may 
due to the ability of dietary fibers to hold water is strongly due to the source of the dietary 
fiber [57]. According to the results of this study, the control cupcake is the most acceptable 
one in the flavor score followed by the one which contains 3 and 4.5% of pomegranate peel 
respectively.  
 

Table (5): Sensory evaluation of control cupcake and cupcakes which replacing fat with 
3 and 4.5% of pomegranate peel. 

Parameters Cupcake Samples 
 0  %   Pomegranate peel 
powder (control) 

3% Pomegranate 
peel powder  

4.5% Pomegranate peel 
powder 

Taste 8.50a b ±0.53 8.80 a ± 0.42 8.30 b ± 0.48 
Color    
Crust 8.00a±0.67 7.00b±0.05 6.00c±0.05 
Crumb 8.00a±0.67 7.00b±0.05 6.05c±0.16 
Texture 8.40a ± 0.52 8.20a ± 0.79 8.00a ± 0.67 
Flavor    
Taste 8.97a±0.05 8.50b±0.53 8.05c±0.60 
Odor 8.69a±0.65 8.60a±52 8.39a±0.69 
Appearance 8.99a ±0.03 7.55b ±0.60 7.00c ±0.05 
Overall acceptable 8.99a ±0.03 8.09b ±0.73 8.05b ±0.50 

Values within a row having different superscripts are significantly different (p≤0.05). 
 

Similarly, Oboh et al. [58] who reported that sensory attributes of foods such as flavor are 
significantly affected by phenolic compounds, also the same results were recorded in odor, 
this effect may be that pomegranate peel have strong tannins aroma which reduce the score 
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of odors by adding pomegranate peel. The obtained result indicated that the control cupcake 
is the most acceptable one in appearance score, this result is line with Lotfy and 
Barakat,[51]who reported that in all sensory attributes the control sample was better than 
the treated cakes. The obtained result also indicated that the control cupcake is the most 
acceptable one in overall acceptable score followed by the one which contains 3 and 4.5% 
of pomegranate peel respectively. This result is in agreement with Bourekoua et al.[59] who 
showed that adding pomegranate peel decreases the overall impression after eating. This 
may be due to the acids in the pomegranate peel which lead to the mild sour taste. Finally, 
our study concluded that the best treatment of pomegranate peel powder was 3%. 
 

Conclusion 
This study demonstrated that pomegranate peel plays a vital role in controlling and reducing 
the dangerous effects of liver disease. Our study revealed that 4.5% of pomegranate peel 
was the most effective treatment due to its phenolics with high antioxidant fraction and 
beneficial impact on human health. Also, sensory evaluation of cupcake samples showed 
that the best concentration of pomegranate peel was 3%. So, this study recommended 
adding pomegranate peel to the diet of hepatic patients to keep them healthy. 
 

References 

[1] Al-Seeni, M. N., El Rabey, H. A., Zamzami, M. A., & Alnefayee, A. M.The hepatoprotective 
activity of olive oil and Nigella sativa oil against CCl4 induced hepatotoxicity in male rats. 
BMC complementary and alternative medicine. 2016,16(1), 438. 

[2] Ritesh, K. R., Suganya, A., Dileepkumar, H. V., Rajashekar, Y., & Shivanandappa, T. A single 
acute hepatotoxic dose of CCl4 causes oxidative stress in the rat brain. Toxicology 
reports.2015,2, 891–895.  

[3] Weber L, Boll M and Stampfl A .Hepatotoxicity and mechanism of action of haloalkanes: 
Carbon tetrachloride as a toxicological model. Crit. Rev. Toxicol.2003,33: 105-136.  

[4] Masuda Y .Learning toxicology from carbon tetrachloride-induced hepatotoxicity. 
Yakugaku Zasshi.2006,126 (10): 885–99. 

[5] Sagar, N.A.; Pareek, S.; Sharma, S.; Yahia, E.M.; Lobo, M.G. Fruit and vegetable waste: 
Bioactive compounds, their extraction, and possible utilization. Compr. Rev. Food Sci. 
Food Saf.2018, 17, 512–531.  

[6] Gupta, N.; Poddar, K.; Sarkar, D.; Kumari, N.; Padhan, B.; Sarkar, A. Fruit waste 
management by pigment production and utilization of residual as bioadsorbent. J. 
Environ. Manag. 2019, 244, 138–143. 

[7] Drini´c, Z.; Mudri´c, J.; Zduni´c, G.; Bigovi´c, D.; Menkovi´c, N.; Šavikin, K. Effect of 
pomegranate peel extract on the oxidative stability of pomegranate seed oil. Food 
Chem. 2020, 333, 127501. 

[8] Li Y, Guo C, Yang J, Wei J, Xu J, Cheng S. Evaluation of antioxidant properties of 
pomegranate peel extract in comparison with pomegranate pulp extract. Food 
Chem. 2006,96(2):254–260. doi: 10.1016/j.foodchem.2005,02.033.  



Khedr et al., 2023 

JHE, Jul 2023; 33(3):53-66  

[62] 

[9] El-Desouky TA, Sherif MR, Sherif MS, Khayria NM, Protective effect of aqueous extract 
pomegranate peel against sterigmatocystin toxicity in rat, Journal of Drug Delivery & 
Therapeutics. 2015,5(5):9-18.  

[10] Makled, M. N., El-Awady, M. S., Abdelaziz, R. R., Atwan, N., Guns, E. T., Gameil, N. M., 
Shehab El-Din, A. B., & Ammar, E. M. Pomegranate protects liver against cecal ligation 
and puncture-induced oxidative stress and inflammation in rats through TLR4/NF-κB 
pathway inhibition. Environmental toxicology and pharmacology. 2016,43, 182–192. 

[11] A.O.A.C. International Official Methods of Analysis .20 th ed., Gaithersburg, MD: AOAC 
International,2016. 

[12] Shumaila Gul and Mahpara Safdar. Proximate Composition and Mineral Analysis of 
Cinnamon. Pakistan Journal of Nutrition .2009, 8(9). 

[13] Slinkard J  and  Singleton VL. Total phenol  analysis: automation and comparison with 
manual methods. Am. J. Enol. Viticult .1977,28: 49–55. 

[14] Zhishen  J, Mengcheng T  and  Jianming W. The determination of flavonoid contents in 
mulberry and their scavenging effects on superoxide radicals. Food Chem .1999, 64:  
555–559.   

[15] Brand-Williams W, Cuvelier ME, Berset .Use of free radical method to evaluate 
antioxidant activity.Lebensmittel Wissenschaft und Technologie. 1995,28:25-30 

[16] Reeves, P. G., Nielsen, F. H., & Fahey, G. C., Jr .AIN-93 purified diets for laboratory 
rodents: final report of the American Institute of Nutrition ad hoc writing committee on 
the reformulation of the AIN-76A rodent diet. The Journal of nutrition.1993,123(11), 
1939–1951. 

[17] Srivastava, A., & Shivanandappa, T. Hepatoprotective effect of the aqueous extract of 
the roots of Decalepis hamiltonii against ethanol-induced oxidative stress in 
rats’. Hepatology research : the official journal of the Japan Society of 
Hepatology.2006, 35(4), 267–275. 

[18] Lemos PVRB ,Martins JL ,Lemos SPP  ,Santos FL ,Silva SRG  .Hepatic damage in  newborns 
from  female  rats  exposed  to  the  pesticide  derivative  ethylenethiourea  .Acta  Cir  Bras. 
27:897–2012,904. 

[19] Piva A, Di Mattia C, Neri L, Dimitri G, Chiarini M, Sacchetti G .Heat-induced chemical, 
physical and functional changes during grape must cooking. Food Chem.2008, 
106:1057–1065. 

[20] Maoki K, Grace S , Ichiro K , Rob M , S V Subramanian ,Zentaro Y .income inequality, 
mortality, and self rated health: metaanalysis of multilevel studies BMJ.2010,339. 

[21] Gowenlock, A. ; McMurray, J. and Mclauchlan, D. Varley's Pratical    Clinical 
Biochemistry;6th Ed. CBC Publishers and Distribution, Redwood Burn Ltd., 
Wiltshire,1988. 

[22] Nils, H. A. Handbook of Immunoprecipitation- in Gel Techniques.   Published by Blackwell 
Scientific Publications, Oxford, London, Edinbuggh, Roston, Melbourne, 1983,7-21.645- 
652. 



Khedr et al., 2023 

JHE, Jul 2023; 33(3):53-66  

[63] 

[23] Rebecca, R. Associations of histories of depression and PMDD  diagnosis with 
allopregnanolone concentrations following the oral administration of micronized 
progesterone Psychoneuro endocrinology.2006, 31(10), 1208-1219 

[24] Oser, B.L. Hawk’s Physiolgical Chemistry. 14th Edn. Tata McGraw Hill publishing. 
Company Ltd , New Delhi, India,1976. 

[25] Doumas, B. T.; Ferry, B.W.; Sasse, E. A. and Straum, J. V. Cited in the pamphlet of 
QuimicaClinicaAplicadaAmposta. Spain. Clin. Chem.1973,19: 984-993. 

[26] Ostman E, Granfeldt Y, Persson L, Björck I.Vinegar supplementation lowers glucose and 
insulin responses and increases satiety after a bread meal in healthy subjects. Eur J Clin 
Nutr.,Sep; 2005,59(9):983-8 

[27] Nakayama T.Studies on acetic acid-bacteria I. Biochemical studies on ethanol oxidation". 
J Biochem. 1959,46 (9): 1217–25. 

[28] Trachootham, D., Lu, W., Ogasawara, M. A., Nilsa, R. D., & Huang, P.Redox regulation of 
cell survival”Antioxidants & redox signaling, 2008,10(8), 1343–1374. 

[29] Adaramoye, O. A. and Akanni, O. O.Effects of methanol extract of breadfruit 
(Atrocarpusaltilis) of atherogenic indices and redox status of cellular system of 
hypercholesterolemic male rats ,Advan. Pharm. Sci., 2014,1-11. 

[30] Bleich S, Cutler D, Murray C, Adams A. Why is the developed world obese?.1998 ,29:273-
95. doi: 10.1146/annurev.publhealth.29.020907.090954. 

[31] Berger , K.G. Food uses of palm oil .PORIM , occasional paper Ministry of primary 
industrials, Malaysia.1986,2:1 . 

[32] Bennion .E.B. and Bamford ,G.S.T. The Technology of Cake Making ,Leonard Hill Books. 
Great Britain by Builling and Son‘s Ed ,London ,Worcester,241,1983. 

[33] Ranganna,S.Handbook of Analysis and Quality Control for Fruit and Vegetables Products. 
Tata Mc Graw -Hill Publishing Co., Ltd., New Delhi, pp. 1994,652. 

[34] Meilgaard, M., Civille, G. V. &Carr, B. T. Sensory evaluation techniques (3rd ed).Boca 
Raton: CRC .Press,8-12.1999. https://doi.org/10.1201/9781003040729. 

[35] Artimage, G.Y. and Berry, W.G. Statistical Methods 7th Ed.Ames, Iowa State University 
Press.1987,39-63. 

[36] Spilmont, M., Leotoing, L., Davicco, M.J., Lebecque, P., Mercier, S., Miot-Noirault, E., 
Pilet, P., Rios, L., Wittrant, Y., Coxam, V.Pomegranate and its derivatives can improve 
bone health through decreased inflammation and oxidative stress in an animal model of 
postmenopausal osteoporosis. Eur. J. Nutr. 2014,53, 1155–1164. 

[37] Morea, P.R.; Arya, S.S.Intensification of bio-actives extraction from pomegranate peel 
using pulsed ultrasound: Effect of factors, correlation, optimization and antioxidant 
bioactivities. Ultrasonics Sonochemistry. 2021, 72. 

[38] Oriakhi, P.O.UadiaHepatoprotective fractions from methanol extract of Tetracarpidium 
conophorum seeds in Carbon tetrachloride induced liver damageArch. Bas. Appl. 
Med.2020,8, pp.45-48. 

[39] Toklu, H.Z., M.U. Dumlu, O. Sehirli, F. Ercan, N. Gedik, V. Gökmen. Pomegranate peel 
extract prevents liver fibrosis in biliary-obstructed rats. J. Pharm. Pharmacol.2007,59 
(9):1287–1295. doi:10.1211/jpp.59.9.0014. 

https://doi.org/10.1201/9781003040729


Khedr et al., 2023 

JHE, Jul 2023; 33(3):53-66  

[64] 

[40] Ashoush IS, El-Batawy OI and El-Shourbagy GA. Antioxidant activity and 
hepatoprotective effect of pomegranate peel and whey powders in rats. Annals of 
Agricultural Sciences.2013; 58(1), 27-32. 

[41] Salwe, K.J.; Sachdev, D.O.; Bahurupi, Y. and Kumarappan, M.Evaluation of antidiabetic, 
hypolipedimic and antioxidant activity of hydroalcoholic extract of leaves and fruit peel 
of Punicagranatum in male Wistar albino rats. J Nat SciBiol Med.2015,6:56–62. 

[42] Vidal, A., A. Fallarero, B.R. Pena, M.E. Medica and B. Gra. Studies on the toxicity of Punica 
granatum L. (Punicaceae) whole fruit extracts. J. Ethno. Pharmacol.2003,89: 295-300. 

[43] Abbas, R.J.; Al-Salhie, K.C.K.; Al-Hummod, S.The effect of using different levels of 
pomegranate (Punica granatum) peel powder on productive and physiological 
performance of Japanese quail (Coturnix coturnix japonica). Livest. Res. Rural Dev. 
2017,29: 217-225. 

[44] Yang L., Wang C.-z., Ye J.-z. and Li H.-t.Hepatoprotective effects of polyprenols from 
Ginkgo biloba L. leaves on CCl4-induced hepatotoxicity in rats. Fitoterapia, 2011,82(6), 
834-840 . 

[45] Chidambara Murthy KN, Jayaprakasha GK and Singh RP. Studies on antioxidant activity 
of pomegranate (Punica granatum) peel extract using in vivo models. Journal of 
Agricultural and Food Chemistry, 2002; 50(17), 4791-4795. 

[46] Route, S., & Banerjee, R. Free radical scavenging, anti-glycation and tyrosinase inhibition 
properties of a polysaccharide fraction isolated from the rind from Punica granatum. 
Bioresource Technology, 2007,98, 3159–3163. 

[47] Venkatanarayana G, Sudhakara G, Rajeswaramma K, Indira P. Combined effect of 
curcumin and vitamin E against CCl4-induced liver injury in rats. American Journal of Life 
Sciences.2013,1(3):117- 124. 

[48] Aviram M, Dornfeld L, Rosenblat M, Volkova N, Kaplen M, Hayek T. Pomegranate juice 
consumption reduces oxidative stress, low density lipoprotein modifications and 
platelet aggregation: studies in the atherosclerosis apolipoprotein E-deficient mice and 
in humans.Am. J. Clin. Nutr. 2000,71, 1062-1076. 

[49] Singh RP, Murthy KN, Jayaprakasha GK.Studies on the antioxidant activity of 
pomegranate (Pinica granatum) peel and seed extracts using in vitro models. J. Agri. 
Food Chem. 2001,50, 81-86. 

[50] Eke, E. J., and Kin, K. D. Chemical pasting, functional and sensory properties of Sweet 
and Potato Chips. Nigeria Food Journal .2010,28, 47-48. 

[51] Lotfy, L.M.; Barakat, E.H. Utilization of Pomegranate Peels Flour to Improve Sponge Cake 
Quality. J. Food Dairy Sci. 2018, 3, 91–96. 

[52] Izonfuo, W.A.L.; Omuoru, V.O.T.Effect of ripening on the chemical composition of plant 
peels and pulps (Musa paradisiacal). J. Sci. Food Agric.,1998,45, 333–336. 

[53] Ahenkora, K.; Kyei, M.A.; Marfo, E.K.; Bonfue, B. Nutritional composition of false horn 
Appantu plantain during ripening and processing.Afr.Crop.Sci. Res.1996,4, 243–247. 

[54] Abdel-Rahim, E.A.; El-Beltagi, H.S.Constituents of apple, parsley and lentil edible plants 
and their therapy treatments for blood picture as well as liver and kidneys functions 
against lipidemic disease.EJEAFChe.2010,9, 1117–1127. 



Khedr et al., 2023 

JHE, Jul 2023; 33(3):53-66  

[65] 

[55] Greiby, I., Siddiq, M., Dolan, K. D., & Kelkar, S. Effect of non‐iso‐ thermal processing and 
moisture content on the anthocyanin degra‐ dation and colour kinetics of cherry 
pomace. International Journal of Food Science and Technology.2013,48, 992–998. 

[56] Ismail, T.; Akhtar, S.; Riaz, M.; Ismail, A. Effect of pomegranate peel supplementation on 
nutritional, organoleptic and stability properties of cookies. Int. J. Food Sci. Nutr. 
2014,65, 661–666. 

[57] Elleuch, M., Bedigian, D., Roiseux, O., Besbes, S., Blecker, C., & Attia, H. Dietary fibre and 
fibre‐rich by‐products of food processing: Characterisation, technological functionality 
and commercial appli‐ cations. Food Chemistry.1973,124, 411–4. 

[58] Oboh, G.; Adefegha, S.A. Inhibitory properties of phenolic enriched in wheat biscuits on 
Fe2+ induced Lipid peroxidation in Rat’s brain in vitro. Adv. Food Sci,2010,32, 162–169. 

[59] Bourekoua H, Benatallah L, Zidoune MN, Rosell CM. Developing gluten free bakery 
improvers by hydrothermal treatment of rice and corn fours. LWT Food Sci Technol 
.2016 ,73:342–350 

 

  



Khedr et al., 2023 

JHE, Jul 2023; 33(3):53-66  

[66] 

 

ان بواسطة رابع    الفئر
ى
 تقليل خطر السمية الكبدية ف

ى
الاستفادة من مخلفات قشور الرمان ف

 كلوريد الكربون

 الدين يوسف ، منة سليمان الكشك عبئر أحمد خضى ، هبه  عز 
ل   الاقتصاد قسم التغذية وعلوم الأطعمة ـ کلية 

ز ز الكوم، مصر المنز  ـ جامعة المنوفية، شبي 

 : العرب   الملخص 
ــــــامة ــــ ــــ ــــــد    ولهذا رابع كلوريد الكربون مادة سـ ــــ ــــ ــــــة ال الية  و مرتبطة بتدمن  الكبد و الإجهاد التأكسـ ــــ ــــ أجريت هذه الدراسـ

ان  ــــــــمية الكبدية لرابع كلوريد الكربون از الفن  ــــ ــــــــور الرمان از تقليا كطر السـ ــــ من  فأر30  .للت قق من تأثن  مخلفات قشـ
ز :المعموعة الأول  المعموعة الاـــا(طة الســـالبة   عددها   ز أســـاســـيتي    تم   6ذكور الألبينو تم تقســـيمها مل معموعتي 

ان المصـــا(ة (الســـمية الكبدية   عددها  تغذيتها على الوجب ة التعربة . المعموعة ال)الية  الفن   24ة الأســـاســـية طوا  فنج
ـــيمهـا مل   ـــ ــــ ــــ ــــــا(طة   6معموعـات فرعيـة   4فـأر  تم تقسـ ــــ ــــ لكـا معموعـة   . المعموعـة الفرعيـة الأول قـدمـت كمعموعـة  ـ

% من مســـــ ور قشـــــور الرمان على 4.5و  3و   1.5  موجبة ، المعموعة الفرعية ال)الية و ال)ال)ة و الرا(عة تم تغذيتها على
   30التوال لمدة 

ً
 مل وظا

ً
ــــــتو  معن ية أقا من (يوم .أحدث ال قن ت ت الوريد برابع كلوريد الكربون مرتفاعا ــــ .,.  5(مسـ

م  ــــــــن  ــــــــت يات سـ ز  ،  المالولديالده(از مسـ ــــــــفاتن  ز فوسـ يس  ،  الألكالي  ــــــــفن  ز ترازسـ ز  ،  الألالي  ــــــــبارتات تراز( أم)نن  يد  ، الإسـ
   .المعامثت   

ً
و  الاـار جدا و  الاـار  و  الكوليسـتن  و  الكلى  ،  الدهون ال)ثثية  ،  الكوليسـتن  % 4.5 الكوليسـتن 

ــــــورة دهون الدم (المقارلة  ــــــعة الكبد ، و  ـ ــــــدة از أزسـ ــادات الأكسـ ــــ ــــــ ت وظاة  الكبد ، حالة ماـ ــــــور الرمان حسـ من قشـ
ــة : تقنج  ــــ ــا(طة الموجبة . الخث ـ ــــ ــاة  (المعموعة الاـ ــــ ــمية الكبد و كصـ ــــ ــاد لسـ ــــ ــــــور الرمان لها تأثن  ماـ ح لتاةعنا أن قشـ

ان المصا(ة (السمية الكبدية بواسطة رابع كلوريد الكربون.   ماادة للأكسدة از الفن 

ــمية الكبدية ، رابع كلوريد الكربون ، وظاة  الكبد ، حالة    الكلمات المفتاحية ــــ ــــ ــا(ة (السـ ــــ ــــ ان المصـ ــــــور الرمان ، الفن  ــــ : قشـ

 كسدة . ماادات الأ 
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