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 Pomegranate (Punica granatum L.) peels have achieved a great attention for its health 

benefits in the last years. pomegranate peel powder (PPP) as a good source of fiber 

ingredient and antioxidant bioactive compounds to produce value add bakery product 

based on pomegranate peel powder 2 %, 4%, and 6% and decreased of bad effect of 
CdCl2 in rats fed on diet contained CdCl2 .Chemical composition, total phenols, total 

flavonoids and anti-oxidative activity (DPPH) of PPP and pan breads were determined. 

Physical properties and staling of pomegranate peel powder fortified pan bread, sensory 
evaluation properties of pan breads were investigated. Pan bread fortified with 2% and 4% 

PPP had higher score in overall acceptability and physical properties when compared to 

control pan bread and other various concentration (6%) of PPP. Thirty- twenty four male 
albino adult rats with an average weight (166 ±4 g) were divided into four groups 6 rats 

for each. The first group (G1) fed on basal diet as a (negative control group). The other 
mice (18 rat) were divided as follow : (G2) fed on Basal diet + 40 g ppp/kg diet, (G3) fed 

on Basal diet + CdCl2 0.05 mg CdCl2 /kg diet, (G4) Basal diet + CdCl2(0.05 mg CdCl2 

/kg diet) + ppp(40 g ppp/kg diet), body weight, gain %, epididymal adipose tissue (g) and 
organs weight were recorded. Changes in plasma total protein (TP), albumin (A), globulin 

(G) A/G, ratio bilirubin, urea, plasma asprtate aminotransferase (AST) alanine 

aminotransferase (ALT) alkaline phospatase (AIP) , TBARS and GSH, blood hemoglobin 
(Hb), total erythrocyte count (TEC) total leukocyte count (TLC) and heamatocrit male rats 

as  affected by different diets of male mice as affected by different diets. In conclusion, 

our results concluded that pomegranate peel powder fortified breads with high fiber and 
anti- oxidative activities is recommended to gain nutritional and healthy benefits to reduce 

the harmful effect of CdCl2.Histological study revealed that more extensive lesions were 

seen in liver in case of mice fed on diet contained cadmium chloride (group 3),. Also 
more extensive renal alterations were also seen in kidneys in case of feeding mice on diets 

of (group 3) also. The moderately affected liver and kidneys in the present study were in 

mice fed on diets contained CdCl2 + ppp (group 4(. 
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INTRODUCTION 

 

Heavy metals are defined as that group of elements that have specific weights higher than about 5g/cm3. A 

number of them (Co, Fe, MN, Mo, Ni, Zn, Cu) are essential micronutrients and are required for normal growth 

and take part in redox reactions, electron trans-firs and other important metabolic processes in plants. Metals 

which are considered nonessential (Pb, Cd, Cr, Hg etc.) are potentially highly toxic for plants [46]. Large areas 

of land are contaminated with heavy metals (the main group of inorganic contaminants) resulting from urban 

activities, agricultural practices and Indus-try [21]. Cadmium (Cd) is one of the most important toxic chemicals 

due to its increasing level in the environment as a result of industrial and agricultural practices. Cadmium has a 

very long biological shelf life (10-30 years) in humans and its toxicity is dependent on the dose acute and 

duration of exposure. Cadmium (Cd) is an industry and environmental pollutant, arising primarily from battery, 

electroplating, pigment, plastic, fertilizer industries, and cigarette smoke. Cd is dangerous because humans 

consume both plants and animals that absorb Cd efficiently and concentrate it within their tissues [47]. The parts 

of vegetables and cereal containing the fibers could also have a relatively high level of cadmium. Thus, a high 

intake of fiber-rich foodstuffs might result in an elevated intake of cadmium [9]. There is some evidence 

http://www.aensiweb.com/aeb.html
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suggested that, cadmium can induce chromosome abnormalities and may exert a carcinogenic effect on the 

lungs. Since the metabolism of cadmium is closely related to zinc metabolism, metallothionein binds and 

transports both cadmium and zinc. Cadmium seems to displace zinc in many vital enzymatic reactions, and 

replace calcium in calcium binding protein causing disruption or cessation of activity [36,30,5]. In 

metalloenzymes, the metal is firmly attached to the protein moiety with a fixed number of metal atoms per mole 

of protein. The metal cannot be removed without loss of enzyme activity and poisoning with pulmonary 

oedema, pneumonitis and eventually emphysema. Inhalation of smaller quantities over a large time period has 

shown to result in chronic renal tubular damage, anemia and liver dysfunction. Injection of cadmium 

compounds into certain laboratory rodent species can induce acute and permanent testicular and sarcomas tend 

to arise at the site injection [16]. The difference between chronic and acute exposure may related to the nature of 

cadmium ligand in the tissue. It is probable that after chronic exposure a greater fraction of cadmium is bound to 

metallothionein than after acute cadmium injection, and, as previously suggested [35]. Non metallothionein 

cadmium in the cell may be more toxic than cadmium bound to metallothionein [53]. Generally, Cadmium may 

produce histological changes in the kidney, liver, gastrointestinal tract, testes, heart, blood vessels, bone marrow 

and pancreas [24,50]. Also, Cadmium induces testicular hypoplasia and inhibits spermatogenesis when fed or 

injected [26]. The conception of antioxidant action of phenolic com-pounds is not novel [10]. There have been 

many reports of induced accumulation of phenolic compounds and per-oxidase activity in plants treated with 

high concentrations of metals.Antioxidant action of phenolic compounds is due to their high tendency to chelate 

metals. The roots of many plants exposed to heavy metals exude high levels of phenolics [54]. Foods rich in 

natural antioxidants have been proposed as a tool to prevent and cure liver damage [31]. The pomegranate is one 

of the important dietary sources of antioxidant phenolics Murthy et al. [33] and Ozgen et al. [38]. Pomegranate 

peel is recognized for its many health promoting qualities and apparent wound-healing properties [12], 

anticancer property [19], ant atherosclerotic and antioxidative capacities [49],  also  pomegranate fruits peel can 

be used as functional ingredient as a good source of crude fibers which provide numerous health benefits such 

as their ability to decrease serum LDL-Cholesterol level, improve glucose tolerance and the insulin response, 

reduce hyperlipidemia and hypertension, contribute to gastrointestinal health and the prevention of certain 

cancers such as colon cancer [27]. The aim of this research is to utilize pomegranate peel as a good source of 

fiber ingredient and antioxidant bioactive compounds in pan bead to produce value add bakery product based on 

pomegranate peel powder and investigation of decrease of bad effects of chloride cadmium in mice as a 

functional food. 

 

MATERIALS AND METHODS 

 

2.1. Materials: 
2.1.1. Plant Material: 

Ripened pomegranates (punica granatum L.) were purchased from local market at Giza, Egypt. 

 

2.1.2. Chemical and Kit: 

The ingredients used Bread-making such as (wheat flour extracting rate 72%, instant yeast, sugar and salt, 

etc), starch and oil were purchased from local market at Giza. Casein, minerals, vitamins and cellulose were 

purchased from El-Gomhoria Pharm and Chem. Ind. Company, Cairo, Egypt. All kits for biochemical analysis 

and Cadmium chloride (Cd Cl2 99% pure) were purchased from Biodiagnostic Co., Dokki, Giza, Egypt. 1, 1-

diphenyl-2-picrylhdrazylradical (DPPH) and Follin-Ciocalteus phenol reagent were purchased from Sigma-

Aldrich Inc. (St. Louis, Mo, USA).All chemicals used for analysis were of analytical grade          

 
2.2. Animals: 

Twenty fore( 24) male mice with average weight 35 ±1.5g were obtained and housed individually in the 

Ophthalmology Research Institute, Giza, Egypt. The mice were kept under normal health laboratory conditions 

and fed on basal diet for 2week (adaptation period). Water and basal diet were provided ad labium. Basal diet 

composition prepared according to AIN- 93M diet guidelines [40].                                               

 

2.3. Methods: 
2.3.1. Preparation of Pomegranate Peel Powder (PPP): 

Ripened pomegranates were rinsed with running tap water. The fresh peels and seeds were manually 

separated. Peels were cut into small pieces and dried in a fan oven at 40 0C, then dried peels were powdered 

using a hammer mill and sieved through 40-mesh sieve. The obtained pomegranate peel powder was kept in the 

fridge at -180C until use.                                           
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2.3.2. Preparation of Pomegranate Peel Fortified Pan Bread (PPB): 
According to [3] the standard formula showed in Table (1): Included 1500g of wheat flour, 22.5g yeast, 

22.5g salt (NaCl), 45g shortining, 45g sugar (sucrose). Three formulas were prepared with different levels of 

pomegranate peel powder 2%, 4% and 6% on wheat flour replacement basis and pure water added to make the 

dough. All dry ingredients were weighed and placed in a mixer for 5 sec, and then a suspension of the yeast in 

water was added. The mixture was further run at high speed for 92sec and water was added to the mixture for 

making the dough. The doughs were scaled into three portions, rounded into balls by hand in fermentation bowls 

and placed in fermentation cabinet at 300C and 85% relative humidity for 20 min. The fermented doughs were 

placed in pans and finally returned into the fermentation cabinet for 50 min. The pans were placed in a 

convection oven at 2120C for 18 min. Loaves were weighed after cooling at room temperature, sensory 

evaluation and the volume of loaves were recorded.                                                                       

 
Table 1: Formulas composition of pomegranate peel pan bread 

Pan bread  PPP formula (gm) Control pan bread Ingredients (g) 

6% 4% 2% 

1410 1440.0 1470 1500.0 wheat flour 

90 60 30 - PPP 

22.5 22.5 22.5 22.5 Instant yeast 

15 15 15 15 Improver 

45 45 45 45 Sugar 

22.5 22.5 22.5 22.5 Salt 

25 25 25 25 Oil 

45 45 45 45 Shortening 

850 850 850 850 Water 

2525 2525 2525 2525 Total 

 

2.3.3. Chemical Composition: 

Moisture, crude protein, crude fat, crude fiber and carbohydrate (by difference) of pomegranate peel 

powder and pan bread formulas were done according to the standard [6]. Total phenols were estimated by the 

Folin-Ciocalteu method reported by [14]). The amount of total flavonoids was measured spectrophotometrically 

by the method according to [34]. The DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging activity of 

methanolic extracts was determined following the method reported by [37]. 

The loaf volume was measured by rapeseed displacement method according to A.A.C.C. [1]. Specific 

volume was calculated from loaf volume and loaf weight taken after 1 h of baking. 

 

2.3.4. Sensory Evaluation of Pan Bread: 

Samples of pan bread were evaluated by 10 panelists (staff in Food Tech. Res., Institute Agric. Res. Center) 

for color of General appearance (15), Taste (20), Oder (15), Crust color (15), Crumb color (15) and Texture 

(20). The total value of these sensory properties was evaluated as overall acceptability and descriptive category 

as follows: 90-100: very good 80-90: good 70-79: satisfactory: less than 70: questionable [22]. 

 

2.4. Experimental Protocol: 

Twenty fore (24) male a dult mice with an average weight (35±1.5g) were obtained from animal house, 

Ophthalmology Research Institute, Giza, Egypt. The mice were kept under normal laboratory conditions 

(temperature remain 25± 20C) for 2 weeks before the beginning of experiment (4 weeks). During this period, 

the rats were allowed free access of water and basal diet. Body weight was recorded for each rat. The basal diet 

prepared according to [2]. 

 
Table 2: Composition of the basal diet 

Casein 10% Vitamin mixture 1% 

Corn oil 10% Cellulose 5% 

Salt mixture 4% Starch 70% 

 

Mice were randomly divided into four groups, the group one (G1) fed on basal diet and reserved as negative 

control. Group (2) fed on basal diet + pomegranate peel  powder40 g kg diet,( pomegranate peel  powder add as 

4%,that addition was good in Sensory evaluation of pomegranate peel powder fortified pan bread)   Groups (3) 

fed on basal diet + 0.05 mg cdCl2/kg diet (the normal level of cadmium as reported by the method described by 

[23]. Group (4) fed on basal diet + 0.05 mg cdCl2/kg diet+ pomegranate peel powder 40 g /kg diet equal amount 

of nutritional value as control casein diet. The changes in body weight were recorded. At the end of 

experimental blood samples were also taken and centrifuged at 3000 rpm for 15 min to obtain the serum which 
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was kept frozen at -20°C until analysis. The organs and epidermal adipose tissues were excised immediately and 

weighted Gain in body weight, was estimated according to [11]. 

 

2.5. Blood biochemical measurements:  

Stored plasma samples were analyzed for total protein (TP) by the Biuret method according to Gornal et al. 

](1949). Albumin (A) concentration were determined by the method of [13]. Globulin (G) concentrations were 

determined by difference (Total protein-albumin) and A/G ratio was calculated. Concentration of urea was 

determined by the method of [18]. Plasma total bilirubin was measured using the method of [52]. Plasma 

calcium was determined by the method of [15]. The activities of plasma aspartate aminotransferase (AST) and 

alanine aminotransferase (ALT) were assayed by the method of [41]. Alkaline phosphatase (AIP) activity was 

measured in plasma by the method of [8].  

 

2.6 Histological examination: 

Different group's tissue specimens were collected from the liver and kidney of Groups and put directly in 

the fixative solution of the 10% neutral buffered formalin. After fixation, specimens were routinely processed in 

the paraffin embedding technique after which paraffin blocks were done. Paraffin sections of 3-5 microns thick 

were prepared from the paraffin blocks by microtomy followed by routine staining with hematoxylin and eosin 

[7]. Stained slides were then subjected for the light microscopy for histological examination, finally 

photomicrographs were taken                                                                                                

 

2.7. Statistical analysis: 
Data were analyzed according to [48]. Statistical significance of the difference in values of control and 

treated animals was calculated by (F) test with 5% significance level. Data of the present study were statistically 

analyzed by using Duncan's Multiple Range Test [43].                                                                                                   

 

RESULTS AND DISCUSSION 

 

As shown in Table (3), the crude protein, crude fat, ash, crude fibers and carbohydrates contents for 

pomegranate fruits peel powder were 4.80±0.03, 1.90  ±0.04, 6.12±0.09, 16.01  ±0.56 and 71.17±1.09%, versus, 

12.00  ±0.680,.72   ±0.07, 0.56  ±0.04, 0.89 ±0.13 and 85.83 ±1.10 % for wheat flour, on dry weight basis; 

respectively. Thereupon, the pomegranate fruits peel powder is considered a good source of crude fibers and 

ash, while wheat flour considered a good source of crude protein and carbohydrates. Such results are nearly in 

according with those found by [17]and [25]. Data by [42] confirmed that pomegranate fruit peels powders 

should be utilized in fiber and ash fortification of the foodstuffs.  

Total phenolic contents, total flavonoids and DPPH radical scavenging activity of PPP are presented in 

Table (4). Total phenols and flavonoids were expressed as mg gallic acid/gm and mg quercetin /gm of dry 

weight, respectively, while DPPH was expressed as inhibition percent. From the data presented in Table (4) it 

could be noticed that, the pomegranate peel powder is a good source of total phenolic content 153.5±3(TP mg 

GAE/g), total flavonoids 55.3±1.2(TF mg Que/g) and had a great free radical scavenging activity (DPPH 

92.1±1.4%. Such results are nearly in according with those found by [28], about 50% of the total  fruits 

pomegranate weight corresponds total peel which as important source of bioactive compounds such as phenols, 

flavonoids, ellagitannins and proanthocyanidin compounds that acted more dramatically in against oxidation as 

compared to the pulp extract. 

 
Table 3: chemical composition of wheat flour and pomegranate peels 

Pomegranate peels Wheat flour (70% ext) Components*  

4.80±0.03 12.00  ±0.68 Protein 

1.90  ±0.04 0.72   ±0.07 Fat 

6.12±0.09 0.56  ±0.04 Ash 

16.01  ±0.56 0.89 ±0.13 Fibers 

71.17±1.09 85.83 ±1.10 Carbohydrates 

* As % on dry weight basis.  
Carbohydrate contents were determined by difference. 
Each mean value is followed by ± standard deviation. 

 

Table 4: Total Phenols (TP) Total Flavonoids (TF) and DPPH % pomegranate peel powder  
DPPH % Total Flavonoids (TF mg Que/g Total Phenols(TP mg GAE/g) 

92.1±1.4 55.3±1.2 153.5±3 

                                                                                                 

Chemical composition (g/100g) of pan bread formulas fortified with different levels (2%, 4% and 6%) of 

pomegranate peel powder is presented in Table5). These results showed that decreases in protein were found in 

4% and 6% pomegranate peel powder (PPP) fortified pan bread 12.44±0.03 and 12.23±0.06, respectively 

compared with unfortified pan bread (control) 12.78±0.11. While there increase in fat content at the level of 2, 
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4, 6% pomegranate peel powder fortified bread 4.05±0.01, 4.32±0.02and 4.53±0.03% respectively compared 

control bread 3.55±0.42. On the other hand, there increases 1.17±0.04, 1.26±0.04 and 1.39±0.04% of ash 

content were observed at the levels of 2%, 4% and 6% of (PPP) fortified bread, respectively compared with 

unfortified bread 0.92±0.02%. Fiber content was increase by increasing of the level of PPP to reach to the 

maximum value 1.61±0.02% at the level of 6% of PPP fortified bread compared with control bread (0.65±0.04). 

On the contrary, noticed decreases of carbohydrate content were observed by increasing in PPP levels to reach 

to the minimum value 80.24±0.04 at 6% compared with unfortified bread 81.43±.17%. 

 
Table 5: chemical composition of pomegranate peel powder fortified pan bread 

Pan bread with 6% 

pomegranate peels 

Pan bread with 4% 

pomegranate peels 

Pan bread with 2% 

pomegranate peels 

Control 
 

Components*  
 

12.23±0.06 12.44±0.03 12.59 ±0.05 12.78±0.11 Protein  

4.53±0.03 4.32±0.02 4.05±0.01 3.55±0.42 Fat  

1.39±0.04 1.26±0.04 1.17±0.04 0.92±0.02 Ash  

1.61±0.02 1.38±0.01 1.02±0.03 .65±0.04 Fibers  

80.24±0.04 80.6±0.03 81.17±0.03 81.43±.17 Carbohydrates  

* As % on dry weight basis.  
Carbohydrate contents were determined by difference. 
Each mean value is followed by ± standard deviation 

 

Staling of pomegranate peel powder fortified pan brea are presented in (Table 6). Alkaline water retention 

capacity (AWRC) of the pan bread loaves could be considered as an indication for staling and freshness. 

Therefore, it was estimated for each pomegranate peel addition level at zero time and after storage periods (24, 

48 and 72h.) as shown in Table (6) The presented data showed that in spite of that AWRC was increased as the 

pomegranate peel addition level increased, it was decreased as the storage time increased in all the tested pan 

bread. Such phenomena could be illustrated by the findings of [4].  

The investigation of the physical characteristics must be carried out to explain to what extended such 

implementation is a successful process to gain the beneficial of pomegranate peels utilization. Data presented in 

Table (7) showed that there was difference of loaf volume of pan bread manufactured by all the pomegranate 

peel level addition 2, 4 and 6.0% in relative to the control one. It could be, also, noticed that the Loaf volume 

(cm3), Specific volume (cm3/g) and Height (cm) were decreased as the pomegranate peel addition level 

increased, while loaf weight (g) and density were increased as the pomegranate peel addition level increased. 

From result notice that pans bread containing 2.0 and 4.0% pomegranate peel was accepted like control.                              

 
Table 6: staling of pan bread produced by wheat flour (70% ext) and pomegranate peels                                               

After 72 hr 
 

After 48 hr 
 

After 24 hr 
 

Value at 
Zero time 

samples  
 

% 
Decrement 

Value 
 

% 
Decrement 

Value 
 

% 
Decrement 

Value 
 

37.11±1.1 239±2 23.94±1.2 289±3 12.89±1.3 331±1 380±3 Control 

24.28±.6 290±1 19.32±.4 309±2 9.14±.8 348±3 383±2 Pan bread with 2% 

pomegranate peels  

22.60±1.5 298±2 15.58±.9 325±3 6.49±.7 360±1 385±4 Pan bread with 4% 
pomegranate peels  

20.73±.6 306±3 12.95±.7 336±4 4.66±.4 368±3 386±2 Pan bread with 6% 

pomegranate peels  

  
Table 7: Physical properties of pomegranate peel powder fortified pa pan bread  

Density 
 
 

Height (cm) Specific 

volume 
(cm3/g) 

Loaf weight (g) Loaf volume 

(cm3) 

                                                  Properties 
 
Pan bread 

30±.01 7.25±1.5 3.35±.1 602.3±2.3 2021.0±4 Control bread 

31±.012 7.01±2.0 3.21±.3 603.5±3.1 1935.0±6 PPP fortified pan bread  2% 

33±.03 6.29±1.3 3.00±.2 633.1±5.2 1901.0±5 PPP fortified pan bread 4% 

34±.02 5.86±1.5 2.90±.1 645.6±6.0 1873.0±3 PPP fortified pan bread 6% 

 

Sensory properties of pan breads made from pomegranate peel powder and wheat flour as well as the 100% 

wheat bread are shown in Table(8). All sensory scores of general appearance, taste, Order, crust color, crumb 

color, texture, Overall acceptability were accepted  between all fortified pan breads except 6.0% PPP fortified 

bread for general appearance (11.5±.8), Taste(15.5±.4), oder(11.4±.6), crust color(12.2±.5), crumb color  

(11.2±.6), Textur(15.4±.5), and overall acceptability (77.2±5) which were lower than 2%(92.3±5) and 4%(86±7) 

PPP fortified pan bread. The control pan bread (100% WF) recorded the highest scores for all sensory attributes 

compared with PPP fortified pan bread. 

Total phenolic contents, total flavonoids and DPPH radical scavenging activity of pan bread are presented 

in Table (9). Total phenols and flavonoids were expressed as mg gallic acid/gm and mg quercetin /gm of dry 
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weight, respectively, while DPPH was expressed as inhibition percent. From the data presented in Table (9) it 

could be noticed that, Substitution of wheat flour with 2%, 4% and 6% of PPP for making pan breads resulted 

clear increases in total phenolics, flavonoids and DPPH respectively. PPP (6%) substituted pan bread 

characterized with the highest values of total phenolic contents 6.82±.2 mg GAE/g DW, total flavonoids, 

3.6±5.1 mg Que/g DW and DPPH, 81.51±2.8% respectively compared with control bread (100% wheat flour). 

While PPP (4%) substituted bread recorded 5.22±.3mg GAE/g DW, 2.25±.1 mg Que/g DW and 69.09±3% for 

total phenolics, total flavonoids and DPPH (%) respectively.             

 
Table 8: Sensory evaluation of pomegranate peel powder fortified pan bread  

Grade Overall 
acceptability 

 

Texture 

(20) 
 

Crumb 

color(15) 
 

Crust 

color(15) 
 

Oder 

(15) 
 

Taste 

(20) 
 

General 

appearance 
(15) 

 

  
Pan bread 

Very good 95.8±4 19.2±.8 14.0±.5 14.3±.6 14.5±.5 19.2±.4 14.6±.4 Control 

Very good 92.3±5 19±.6 13.2±.5 13.5±.6 14.0±.4 18.4±.7 14.2±.4 2% PPP 

good 86±7 17.5±.7 12.6±.4 12.7±.5 13.2±.6 17.3±.4 12.5±.5 4% PPP 

Satisfactory 77.2±5 15.4±.5 11.2±.6 12.2±.5 11.4±.6 15.5±.4 11.5±.8 6% PPP 

 

Body weight (gm), gain%, Relative liver weigh (gm) and Relative kidney weigh (gm) are presented in 

Table (10). Results revealed that body weight gain was lower in case of mice fed on diets containing CdCl2 

(Basal diet + CdCl2 0.05 mg /kg diet (5.16±.34g). While it increased in case of groups of mice  fed on diets 

basal diet control(13.6±.74g)  , fed on diets basal diet + 40 g ppp/kg diet(12.o2±.56 g)  and fed on diets basal 

diet + CdCl2(0.05 mg + ppp 40 g ppp/kg diet(9.37±.45g) .Relative kidney weigh (gm) of mice  fed on diet 

containing CdCl2 (group 3) (.19±.02) was lower than that of rats fed on diets contained CdCl2 + ppp (group 4) 

(0.28±.03). These results were in agreement with that reported by [29], they found that, the nephrotoxicity of 

cadmium chloride caused a decrease in the kidney weight. While the increase in relative liver weigh (group 3) 

(2.60±.31 gm) may be due to excessive deposition of damaged erythrocytes as result of cadmium toxicity, like 

results by [51]. 

 
Table 9: Total Phenols (TP Total Flavonoids (TF) and DPPH % pomegranate peel powder, fortified pan bread  

DPPH % Total Flavonoids (TF mg Que/g Total Phenols(TP mg GAE/g) Pan bread 

27.20±2 0.05±.01 0.70±.06 Control 

48.23±4 1.01±.02 3.72±.1 2% PPP 

69.09±3 2.25±.1 5.22±.3 4% PPP 

81.51±2.8 3.6±5.1 6.82±.2 6% PPP 

 

Table 10: Effect of different diets (G1-G4) on body weight (gm), gain%,  relative liver weigh (gm) and relative kidney weigh (gm) of mice 

Group 4 Group 3 Group 2 Group 1  

                               Group of diets 

 

 
Parameters 

Basal diet + CdCl2 (0.05 
mg CdCl2 /kg diet) + ppp 

(40 g ppp/kg diet) 

Basal diet + CdCl 
0.05 mg CdCl2 /kg 

diet 

Basal diet + 40 g 

ppp/kg diet 

Basal diet control 

36..14±.8 34.67±1.1 35.23±,8 35.10±1.2 Initial body weight (gm) 

45.51±1.2 39.83±1.1 47.25±2. 1.3 48.16±1.5 Final body weight (gm) 

9.37±.45 5.16±.34 12.o2±.56 13.6±.74 Body weight gain (gm) % 

1.95±.12 2.60±.31 1.50±.23 1.60±.1 Relative liver weigh (gm) 

.28±.03 .19±.02 .38±.05 .34±.04 Relative kidney weigh (gm) 

 

The mean values of plasma total protein (TP), albumin (A), globulin (G), and A/g ratio, bilirubin and urea 

of male mice as affected by different diets are shown in Table (11). It is clear that (group 1) of mice fed on diet 

containing basal diet (control) and (group2) of mice fed Basal diet + 40 g ppp/kg diet had an increase  of total 

protein content (g/dl), albumin (g/dl), globulin (g/dl) ,While it had a lower contents of bilirubin (mg/dl) and urea 

(mg/dl). It can be observed also that mice fed on diet containing CdCl2 (group 3 ) had a lower contents of 

plasma total protein, albumin  and globulin as it was (5.37±.3.15±.1and 2.27 ±.1 g/dl) respectively compared 

with mice fed on diets containing CdCl2 + ppp (40 g ppp/kg diet), it was (6.42±.3, 3.92±.2 and2.33±.1  g/dl) 

respectively. The same( group3) of mice  had higher content of bilirubin(1.65 ±.08  and Urea  ( (B, mg/dl)  and 

urea (169.45±4 U, mg/dl) compared with mice fed on diets containing CdCl2 + ppp (40 g ppp/kg diet), it had 

content of bilirubin(1.13±.07  and ((B, mg/dl)  and urea(142.12±3.2, mg/dl [20] found that cadmium chloride 

decreased total plasma protein, increasing excretion of high molecular weight protein (Protein urea). [39] found 

that mice treated with CdCl2 showed an increase in plasma bilirubin (hyperbilirubenimia). The increase in 

plasma total bilirubin may result from decreased liver uptake, conjugation or increased bilirubin production 

from hemolysis and this coincides with the decrease in total erythrocyte counts, the treatment with cadmium 

chloride caused the increased blood urea concentration in male mice.  Pomegranate peel is recognized for its 

many health-promoting qualities and apparent wound-healing properties [12], anticancer property [19], 

antiatherosclerotic and antioxidative capacities [49]. 



39                                       Asma Ahmed Easa Elgindy and Enath Samir Elsarha, 2015 

Advances in Environmental Biology, 9(27) 2015, Pages: 33-43 

 

Table (12) showed the mean values of plasma activities of aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) , alkaline phosphatase (AIP) , TBARS and GSH of mice  fed on different  diets .The 

results showed that the group of rats fed on diet containing basal diet (group 1) had higher contents of plasma 

aspartate aminotransferase (AST)( 52.34±3.8 IU/L) and alanine aminotransferase (ALT)(56.12±2.4 IU/L), than 

that of (group2) of rats fed on diets containing basal diet + 40 g ppp/kg diet(43.34±4.7, 41.23±3.2 IU/L) 

respectively. The enzymes of AST and ALT in case of rats fed on diets containing CdCl2 (group 3) were 

(114.43±3.4, 112.54±1.7 IU/L ) higher than that in rats fed on diets containing Basal diet + CdCl2(0.05 mg 

CdCl2 /kg diet) + 40 g ppp/kg) (group 4). It were (65.76±1.5 and 72.65±3.2 IU/L ), group 3 also had higher 

contents of MDA (.53±.04 nmol/ml) while it had lower content of AIP 308.62± 3.7 IU/L and GSH(12.43±1.3 

mg/dl )compared with 72.65±3.2 IU/L and16.54±1,4 mg/dl respectively in(group 4).Foods rich in natural 

antioxidants have been proposed as a tool to prevent and cure liver damage [32]. The pomegranate is one of the 

important dietary sources of antioxidant phenolics [38].      

 
Table 11: Changes in plasma total protein (TP), albumin (A), globulin (G) A/G ratio, bilirubin and urea of male mice as affected by 

different diets. 

Group 4 Group 3 Group 2 Group 1                         Group of diets 
 
 

 
Parameters 

Basal diet + CdCl2 (0.05 

mg CdCl2 /kg diet) + ppp 

(40 g ppp/kg diet) 

Basal diet + CdCl2 

0.05 mg CdCl2 /kg 

diet 

Basal diet + 40 g 

ppp/kg diet 

Basal diet control 

6.42±.3 5.37±.3 6.84±.9 6.62±.8 Total protein (TP, d1) 

3.92±.2 3.15±.1 4.52 ±.7 4.43 ±.4 Albumin (A, g/dl) 

2.33±.1 2.27 ±.1 2.34±.2 2.29 ±.1 Clobulin (G, g/dl) 

1.41± .06 1.38 ±.09 1.93 ±.1 1.93±.1 A/G Ratio 

1.13±.07 1.65 ±.08 0.89 ±.08 1.11 ±.2 Bilirubin (B, mg/dl) 

142.12±3.2 169.45±4 39.2 2±1.2 47.2 ±2 Urea  (U, mg/dl) 

 
Table 12: Changes in plasma asprtate aminotransferase (AST) alanine aminotransferase (ALT) alkaline phospatase (AIP) , TBARS and 

GSH of male mice  as  affected by different diet 
Group 4 Group 3 Group 2 Group 1                                             Group of diets 

 
 
 

 
Parameters 

Basal diet + CdCl2(0.05 mg 

CdCl2 /kg diet) + ppp (40 g 
ppp/kg diet) 

Basal diet + 

CdCl2 0.05 mg 
CdCl2 /kg diet 

Basal diet + 40 

g ppp/kg diet 

Basal diet control 

65.76±1.5 114.43±3.4 43.34±4.7 52.34±3.8 Asprtate aminotransferase (AST, IU/L) 

72.65±3.2 112.54±1.7 41.23±3.2 56.12±2.4 Alanin aminotransferase (AIT, IU/L) 

322.18± 4.4 308.62± 3.7 348.00 ±4.8 346.43±2.1 Alkaline phospatase (AIP, IU/L) 

16.54±1,4 12.43±1.3 27.34±1.5 25.87±2.1 GSH (mg/dl) 

.30±.03 .53±.04 .11±.02 .18±.03 MDA (nmol/ml)  

 

Table (13) showed, that, Blood hemoglobin (Hb), erythrocyte count (TEC) and hematocrite of mice fed on 

diet containing CdCl2 were 10.67± .7mg/dl, 5.12 ±.3 X106 mm3, and 33.13±2.1, respectively. While it was 

13.12±.5 mg/dl, 6.62±.4 mm3 and 37. 25 ±2, respectively in case of mice  fed on diet containing CdCl2 + 40 g 

ppp/kg diet), this means that ppp in the diet containing cadmium caused increase in hemoglobin,  erythrocyte, 

and  . Also  results indicated that group of mice  fed diet containing CdCl2 (group 3) had leukocytes count of 

(15.91±.9 X103 mm3), while it was 9.20 ±.6 103 mm3, in case of rats fed on diet containing CdCl2 + 40 g 

ppp/kg diet. This indicated decrease in total leukocytes, this means that ppp in the diet containing cadmium 

caused decrease in total leukocytes.                        

Reduction in hemoglobin content with diet containing CdCl2 can be related to the decreased size of red 

blood cells or to the impaired biosynthesis of hem in bone marrow [45], also cadmium may produce histological 

changes in blood vessels and bone marrow [24]. Also, the reduction in the Hb content may be due to increasing 

the rate of destruction than the formation rate of TEC, also it could be attributed to hyperactivity of bone 

marrow leading to production of red blood cells with impaired integrity that was easily destructed in the 

circulation. It appears that anemia is secondary to the possible accelerated hemolysis, hemorrhage and/or 

reduced erythropoiesis, inflicted by cadmium, indicated that previous studies showed that cadmium chloride 

caused changes in the hematological indices of carps [55].                 

                       

Effect of different diets fed to male mice on histological criteria of liver and kidney: 
Kidney and liver of mice fed on diet containing basal diet (group 1), (group 3) mice fed on diet containing 

CdCl2 and (group 4) mice fed on diet containing CdCl2 and + ppp are evaluated by histological studies.  On 

regard to the microscopic examination for the liver in present work, the more extensive lesions were seen in case 

of mice fed on diet containing cadmium chloride (group 3). in comparison to those normal histologic criteria of 

the hepatic tissue of group of rats fed on basal diet (group 1) (Fig. 1A).                
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Table 13: Changes in blood hemoglobin (Hb), total erythrocyte count (TEC) total leukocyte count (TLC) and heamatocrit of male mice  as 

affected by different diets 
Group 4 Group 3 Group 2 Group 1 Groups of diets  

 

 
 

 

Parameters 

Basal diet + 
CdCl2(0.05 mg CdCl2 

/kg diet) + ppp(40 g 

ppp/kg diet) 

Basal diet + CdCl2 

0.05 mg CdCl2 /kg 
diet 

Basal diet + 40 g 

ppp/kg diet 

Basal diet 

control 

13.12±.5 10.67± .7 13. 87 ±.6 14.45±.2 Hemoglobin  (Hb, mg/dl) 

6.62±.4 5.12 ±.3 7.12 ±.2 7.23±.3 Total erythrocyte count (TEC, X106/mm3) 

9.20 ±.6 15.91±.9 5.33 ±.3 5.67±.1 Total leukocyte count (TLC, X103 mm3) 

37. 25 ±2 33.13±2.1 38.85 ±2 39.32 ±1 Hematocrite 

 

These extensive lesions were manifested by hypatocytic vacuolar and hydropic degeneration in some areas, 

in addition to necrosis and completely damaged hepatic tissue in other areas (Fig. 1B).The liver of rats fed on 

diets containing cadmium chloride + ppp (group 4) of concomitant administration of cadmium chloride and ppp, 

showed less alteration where some lymphocytic infiltrations were seen in addition to an excess of edema led to 

dispersion and wide separation of the hepatic columns. In these areas hepatocytic degeneration, nuclear 

pyknosis as well as coagulative necrosis were seen in some cells (Fig. 1c). The presence of these degenerative as 

well as inflammatory reactions are known indicator for the lesions of hepatotoxicosis due to the effect of the 

used cadmium chloride.  

 
  

Fig. 2A: Normal kidney of Gp1 : Normal 

histology criteria of the renal tissue [H 

and E-x 2500]   

Fig 1A: Normal liver in Gp1 : Normal histology 

criteria of the hepatic tissue[H and E-x 4000]   

  

Fig. 2B: Kidney of Gp3 :Glomerular damage (G) 

with severe hydropic degeneration 

(D);necrosis and desquamation (N) of 

the tubular epithelium [H and E-x 

4000]   

Fig. 1B: Liver of Gp 3 : Area  of vacuolar and 

hydropic degenerated hepatocytes (D) and 

other area of necrotic and damaged hepatic 

tissue (N) [ H and E-x 4000 ] 

2A 

2B 

1A 

1B 
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Fig. 2C: Kidney of Gp4 :Glomerular edema (G) 

with degeneration and necrosis  (DN) 

of some renal tubules[H and E-x 4000] 

Fig. 1C: Liver of Gp4 : Dispersion  of the hepatic 

column; hepatocytic degeneration with 

nuclear pyknosis(p) and coagulative necrosis 

(N) of few cells.(H and E-x 4000) 

Fig. 2: histological Criteria of the kidney  Fig. 1: histological Criteria of the liver 

                            

On regard to the comparative microscopic studies for the kidneys in present work, it was noticeable that the 

more extensive renal alterations were also seen in kidneys of rats  fed on diets containing cadmium chloride 

(group 3) in comparison to those normal histologic criteria of the renal tissue of rats fed on diets containing 

basal diet (group 1)  (Fig. 2A). These detected lesions were those of nephrotoxicosis where several changes of 

damaged glomeruli, hydropic degeneration, necrosis and desquamation in the lining epithelium of some renal 

tubules (Fig. 2B) were seen. The moderately affected kidneys in the present study were in mice  fed on diets 

containing hose in cadmium chloride + ppp diet ( group4) of the concomitant administration for cadmium 

chloride with ppp. In these kidneys glemerular edema as well as tubular degeneration and necrosis (Fig.2c) were 

seen in some areas.                                                                                                
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