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ABSTRACT 
 

This investigation aimed to study the possibility of utilization of 
pomegranate peels (a by-product from pomegranate industry) as a new 
untraditional source of dietary fibers and natural antioxidants to 
produce some healthy bakery products such as cakes and biscuits. 
Wheat flour (72 % extraction) used for making cakes and biscuits was 
fortified with pomegranate peels powder at different levels of 2.5, 5, 
7.5 and 10 %. The chemical, rheological, physical and organoleptical   
properties of the products were evaluated.  

The obtained results indicated that the pomegranate peels 
powder contained high amounts of crude fiber, total dietary fiber 
(TDF) and phenolic compounds, amounted in, 16.21, 56.47 % and 
522.56 mg/g (DWB), respectively. Crude protein, ether extract, crude 
fiber, total dietary fiber (TDF), ash and phenolic compounds were 
increased in parallel of pomegranate peels level increased and vice 
versa concerning total carbohydrates decreased in both cakes and 
biscuits.  

Peroxide value of lipids extracted from cakes and biscuits during 
storage at room temperature for 6 weeks was determined and the 
results showed that the addition of pomegranate peels powder gave 
strong anti-oxidative efficiency due to its high amounts of phenolic 
compounds. 

Rheological properties of dough for different samples were 
determined using farinograph and extensograph. The results indicated 
that water absorption of dough, arrival time and degree of weakening 
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increased, while, dough stability decreased. The proportional number 
increased, while, extensibility decreased. 

Also, physical properties of the products i.e., weight and density 
increased, while, volume and specific volume decreased as a result of 
increasing levels of pomegranate peels powder. Sensory evaluation 
characteristics of cakes and biscuits fortified with pomegranate peels 
powder showed greater preference up to 7.5 % substitution level. 

It could be recommended that the pomegranate peels are 
promising natural source of dietary fiber and antioxidant, which 
containing associated polyphenols. This property together with the 
natural color and flavor make it suitable for a wide range of 
applications in food. So, the obtain product are considered healthy 
bakery products with high nutritional value.  
 
Keywords: Pomegranate peels, chemical composition, dietary fiber, 

antioxidant, polyphenols, cake and biscuits.  
 

INTRODUCTION 
 

The pomegranate (Punica granatum) lies among the most 
popular fruits in Egypt. Such fruits are cultivated in tropical and 
subtropical areas and widely consumed by people in many countries. 
Besides, pomegranate fruit is considered as an excellent source for 
nutrients and characterized flavor. It is also a good source for the 
brilliant naturally red color called anthocyanins (Botrus et al., 1984). 

Several cultivars of pomegranate are cultivated in Egypt and the 
most famous of those varieties is Manfaloty. The total annual 
production of pomegranate fruit in Egypt was about 42934 tons 
produced from 8080 feddans (Anon, 2007). 

Pomegranate plant is considered either a small tree or a large 
shrub. Its fruit is often deemed to be a large berry. The fruit is 
delimited by a leathery pericarp, containing within are numerous arils. 
Each is a single seed surrounded by a translucent juice-containing sac. 
Thus the fruit itself gives rise to three parts: the seeds, about 3 % of 
the weight of the fruit, and themselves containing about 20 % oil, 
about 30 % juice of the fruit weight, and the peels (pericarp) which 
also include the interior network of membranes. Other useful parts of 
the plant include the roots, bark, leaves and flowers (Lansky and 
Newman, 2007). 
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The fruit has a red color and medium size, weighing on average 
between 175-290 g. The extracted pomegranate juice can be used for 
the production of natural juices and canned beverages. The juice 
content represents 45-61 % of the fruit weight. The outer peel 
considered as disposal portion was determined as 28.1-39.2 %. 
Pomegranate peels are good source of dietary fiber and polyphenols. 
Also, phenolic substances could be used as natural antioxidant and 
antibacterial (Negi and Jayaprakasha, 2003).    

In recent years, many attempts have been made to study natural 
antioxidants, particularly those of plant origin. Great interest has 
recently been focused on the addition of polyphenols to foods and 
biological systems, due to their well-known abilities to scavenge free 
radicals, i.e. antioxidant power (Zainol et al., 2003). 

In this concern, Laban (2004), reported that the pomegranate 
peels are promising source of dietary fiber containing associated 
polyphenols that exhibit antioxidant activity. This property together 
with the natural color and flavor makes it a suitable fiber for a wide 
range of applications as food ingredients. 

Dietary fiber (DF) plays an important role in decreasing the risks 
of many disorders such as constipation, diabetes, cardiovascular 
diseases, diverticulosis and obesity. Dietary fiber can be grouped into two 
major types (a) soluble/viscous/fermentable and (b) insoluble/non-
viscous/slowly fermentable (Ramulu and Udayasekhara, 2003). 
Recently FAO/WHO discussion document on carbohydrates 
recommended dropping the terms "soluble" and "insoluble" fiber 
(FAO, 1998). The physiological effects of total dietary fiber (TDF), in 
the forms of insoluble and soluble fractions of foods, have a 
significant role in human nutrition.  

So, there is a trend to find new sources of DF as ingredients for 
the food industry .The most wide spread consumed DF products are 
those derived from cereals and fruits (citrus, apple and others), have 
been steadily introduced in the occidental world markets. Fruit DF 
concentrates have , in general , better nutritional quality than those 
found in cereals because of their significant contents of associated 
bioactive compounds such as flavonoids , carotenoids, etc. and more 
balanced composition higher overall fiber content, greater SDF/IDF 
ratio , water – and fat- holding capacities , lower metabolic energy 
value , and  phytic acid content (Chau and Huang, 2003 ). 
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Dietary fiber functions works as a bulking agent increases the 
intestinal mobility and moisture content of the feces. It consists of 
cellulose, hemicellulose, lignins, pectins, gum etc. Dietary fibers from 
different sources have been used to replace wheat flour in the 
preparation of bakery products (Sudha et al., 2007). 

Pomegranate peels contains substantial amounts of polyphenols 
such as ellagic tannins, ellagic acid and gallic acid. It has been used  in 
the preparation of tinctures, cosmetics, therapeutic formula and food 
recipes (Negi et al., 2003). 

Also, the pomegranate peel extracts have both antioxidant and 
anti-mutagenic properties and could be exploited as biopreservatives 
in food application and pharmaceuticals.The pomegranate peel extract 
had higher antioxidant capacity than the pulp extract (El-Anany, 
2007). 

Because the pomegranate peel is a rich source of antioxidants, 
specially polyphenols, such as ellagic acid, querecetin and punicalagin 
and many plant polyphenols as well as their dietary sources, have been 
shown to act as potent antimutagenic and anticarcenogenic agents (Gil 
et al., 2000). 

Singh et al., (2002), reported that pomegranate peels have been 
used since antiquity in the Middle East as interesting colorant for 
textiles because of their high tannin and phenolic contents. Also, 
added that the pomegranate peels had much higher antioxidant 
capacity than that of seeds. 

The present study is an attempt to evaluate the utilization of 
pomegranate peels as a natural source of dietary fiber and natural 
antioxidants. Also, to study the effect of this by-product on the 
chemical composition, functional properties, rheological 
characteristics, stability of lipids and sensory evaluation of some 
bakery products such as cakes and biscuits. 

 

MATERIALS AND METHODS 
Materials: 

Mature fresh pomegranate fruits (Punica granatum , Manfaloty 
variety) used in the present study were obtained from the Agricultural 
Research Center, at Giza Governorate. The peels were manually 
removed, sun-dried, powdered in a grinder to reach 40-mesh size and 
then packed and stored at room temperature in black bags until used. 
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Wheat flour 72% extraction was obtained from Cairo Co. for 
Milling and Baking, Cairo, Egypt. The other ingredient materials used 
i.e. fresh eggs, commercial grade crystalline sucrose, shortening, 
skimmed milk powder, baking powder, vanillin and improvers were 
obtained from the local market, Giza, Egypt. All chemicals and 
reagents used were purchased from Merck (Darmstadt, Germany). 
Butylated hydroxy anisole (BHA) as synthetic antioxidant was 
purchased from Sigma Chemical Co. (St. Louis, Mo., USA). 

Methods:  

Preparation of cakes and biscuits: 
Different blends of cakes and biscuits were prepared according 

to the method described in AACC (2002). The different blends were 
partially replaced by pomegranate peels powder at 2.5, 5, 7.5 and 10 % 
levels, but control samples were prepared without adding pomegranate 
peels powder. 

Chemical analysis: 
Wheat flour 72 % extraction, pomegranate peels and their blends 

were analyzed for crude protein, crude fiber, ether extract,  ash , 
moisture and TDF, IDF and SDF contents using the methods 
described in AOAC (2003). Carbohydrates were calculated by 
difference.  

Determination of total phenolic content: 
The total phenolic content of the extracts was determined 

colorimetrically using Folin-Ciocalteu reagent according to the 
method of Jayaprakasha et al., (2001), and the final results were 
expressed as tannic acid equivalents per gram dry weight of sample. 
All the experiments were carried out in triplicate. 

HPLC of phenolic compounds : 
Extraction, fractionation and quantification of phenolic 

compounds were determined using HPLC analysis. A Hewlett-
Packard Series 1100 liquid chromatography system (Waldbronn, 
Germany) equipped with a loop (20 µl) diode array detector and a 
lichrosorb RP 15 column (4.0 mm i.d. x 250 mm ; particle size 5 mm) 
(Merck , Darmstadt) was used. Elution was performed at a flow rate of 
1.0 ml / min with mobile phase of water / acetic acid (98: 2, v/v, 
solvent A) and methanol / acetonitril (50: 50, v/v, solvent B), starting 
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with 5 % B and increasing B to levels of 30 % at 25 min, 40 % at 35 
min, 52 % at 40 min, 70 % at 50 min, 100 % at 55 min, and kept at 
this stage for 5 min. A re-equilibration time of 15 min was then 
required. Quantitation was achieved at 280 nm by internal standard 
method (Evangelisti et al., 1997)    

Oxidative stability: 
The oil extracted from the cake and biscuit substituted with 

pomegranate peels at different levels were subjected to peroxide value 
determination compared with control oil and that contained 200 µg/L 
BHA, according to the oven test described in AOCS (1993). 

Rheological properties: 
The Farinograph and Extensograph were used to study the 

characteristics i.e, water absorption, arrival time, dough development 
and stability, weakening of dough, extensibility, resistance of 
extension, proportional number of dough's and dough energy of the 
resulted dough under investigation according to the method described 
in AACC (2002). 

Physical properties of different prepared cakes and biscuits: 
1- Weight of different baked cakes and biscuits was recorded by 

using sensitive balance (0.1 gm) according to Johnson (1990). 
2- The volume of different prepared samples were determined by 

rape seeds displacement method AACC (2002). 
3- Specific volume was calculated according to the method of 

AACC(2002) using the following equation: 
 

Volume (cm3) Specific volume (cm3/g) = Weight (g) 
 

Sensory evaluation: 
Sensory evaluation of cakes and biscuits with and without 

pomegranate peels powder at different levels were carried out by ten 
panelists on the characteristics of cakes and biscuits included crust 
color, spongy, taste, flavor, crumb color, texture, volume and granules 
for cakes. Taste, odor, texture, crust color and crumb color carried out 
for biscuits. 
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Statistical analysis:  
Data were analyzed by analysis of variance (SAS, 1995). 

Students test was used to compare the data and all tests were 
considered statistically significant at (P≤0.05). 

 

RESULTS AND DISCUSSION 
 

Chemical composition of wheat flour (72 % ext.) and 
pomegranate peels powder:   

The chemical analysis results of wheat flour 72% extraction and 
pomegranate peels powder are shown in Table (1). From these results 
it could be noticed that wheat flour (72%extraction) contained the 
highest value in crude protein (11.56 %) and total carbohydrates 
(85.65 %) on dry weight basis. While lowest values were (0.72 %) and 
(0.59 %) for crude fiber and ash contents on (DWB), respectively. 

On the other hand, pomegranate peels powder (pp) had higher 
levels of ash (3.49 %), crude fiber (16.21 %) and total dietary fiber 
(56.47%) being about 7, 10, 16, times as that of wheat flour (WF), 
respectively. Meanwhile, the moisture content, crude protein and total 
carbohydrates were lower than the corresponding values of wheat 
flour. So, the caloric value of (pp) was 327.95 k.cal/100g compared 
with 402.16 k.cal/100g for WF. The obtained results coincide with the 
results of Aguilar et al., (2008) and Doweidar et al., (2010). 

Phenolic contents of raw materials: 
Concerning the total phenolic content, results in Table (1) 

showed that pomegranate peel contained nearly 4.5 fold as high as that 
of wheat flour which  amounted  522.56 and  123.24 mg/g (on DWB), 
respectively. 

The obtained values agree with Li et al., (2006), who mentioned 
that the phenolic contents in the pomegranate peel extract (249.4 
mg/g) was nearly 10 fold as high as that of pulp extract. They also 
added that the large amount of phenolics contained in peel extract 
were higher than that in the pulp, and that may give the first a strong 
antioxidant ability.  

Also, the obtained values were closer to those reported by 
Ghasemian et al., (2006), who mentioned that the total phenolic 
contents of peel extracts of two Iranian pomegranate cultivars were 
found to be 232.8 ±15.1 and 251.3 ±167 mg/g, respectively. 
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Dietary fiber and it's functional properties in raw materials: 
The results of dietary fiber and its fractions of WF 72% ext. and 

pomegranate peel powder are presented in Table (1). The results 
indicate that values of total dietary fiber (TDF%), insoluble dietary 
fiber (IDF%) and soluble dietary fiber (SDF%) for pomegranate peels 
(PP) powder were higher than that of wheat flour 72% ext. amounted 
in: 56.47, 38.24 and 18.23 % of (pp) compared with 3.25, 2.17 and 
1.08 % of WF 72% ext. (on DWB). These results are agreed with 
Laban (2004), who mentioned that pomegranate peels are promising 
source of dietary fiber containing polyphenols that exhibit antioxidant 
activity. The fibers with 15% SDF are able to bind and retain several 
times their weight of water.  

Hydration properties of dietary fiber refers to its ability to retain 
water within its matrix. Fiber with strong hydration properties could 
increase stool weight and potentially slow the rate of nutrient 
absorption from the intestine (Gallaher and Scheeman, 2001). Also, it 
can enhance viscosity of the added food. 

Table (1): Chemical composition of raw materials (on dry weight 
basis) 
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As shown in Table (1) the bulk density (BD), water holding 
capacity (WHC) and oil absorption capacity (OAC) of the 
pomegranate peel powder were 0.57 (g/cm3), 9.24 (g H2O/g sample) 
and 6.30 (g oil/g sample), respectively. 

These values being higher than those of wheat flour (72 % 
extraction) and could be associated to the high amounts of insoluble 
dietary fiber found in pomegranate peel (Figuerola et al., 2005). 

The obtained results coincide with Laban (2004), who 
mentioned that the WHC and OAC in three cultivars of pomegranate 
peel ranged between 5.73-6.81 g water/g and 1.94-2.40 g oil/g, 
respectively. Also,Sudha et al.,(2007) indicated that the fiber had 
higher water holding capacity. 

These results of the hydration properties of DF of pomegranate 
peels powder (pp) were also closer to those found in apple pomace 
reported by Essam El-Din (2008), other (WHC) found are in the range 
of 15.5-16.7 g of water/g of dry citrus peel fiber (Chau and Huang, 
2003) and between 9.6 and 12.84 g of water/g of dry Mexican lime 
peel fiber. Meanwhile, OAC of citrus peel fiber (2.35-5.09 g oil/ g of 
dry sample). Also, the obtained results are comparable to those of El-
Reifai et al., (2006). 

From the data of (DF) and hydration properties of pomegranate 
peel DF presented in Table (1), it could be clearly observed that 
pomegranate peel fiber had high content of (DF) with a high 
proportion of (IDF) and exhibited adequate WHC, OAC, BD similar 
to apple peel fiber and closer to other fruit peel fiber (grape, mango, 
peach) El-Reifai et al., (2006). 

Generally, it could observe from these results that the DF 
characteristics of pomegranate peel powder suggest many potential 
applications, i.e., (volume replacement, thickening or texturizing) in 
the development of foods reduced in calories and rich in dietary fiber. 

Fractionations of phenolic compounds in pomegranate peels 
powder using HPLC analysis:        

Pomegranate peels are natural source of phenolic compounds 
(Table 1). The phenolic compounds extracted from pomegranate peels 
powder was fractionated using HPLC and the obtained results are 
shown in Table (2). It could be observed that the pomegranate peels 
contain substantial amount of polyphenols such as gallic acid, caffeic 
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acid, catechel and vanillic acid, which were 16.38, 15.03, 9.65 and 
9.16 % from total phenolic compounds, respectively.   

On the other hand, the pomegranate peel powder extract contains 
small amounts of chlorogenic acid, catechein, caffeine and ferrulic 
acid. Whereas, the other phenolic compounds were found in sufficient 
amounts (Table 2). 

These results are in good agreement with Singh et al., (2002), 
who reported that the HPLC pattern of the pomegranate peel extracts 
using ethyl acetate, methanol, and water indicated the presence of 
gallic acid as major component. They also mentioned that the 
antioxidant activity may be directly correlated to the phenolic content 
of peel extract. 

Also, Gil et al., (2000), reported that the antioxidant activity 
shown by the pomegranate extracts may be due to the presence of 
polyphenols, such as ellagic tannins, ellagic acid and gallic acid.  
 
Table (2). Identification of phenolic compounds in pomegranate 
peel powder extracts. 
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In this concern, it has been observed that many plant 
polyphenols, such as ellagic acid, catechins, chlorogenic, caffeic and 
ferulic acids act as potent antimutagenic and anticarcinogenic agents 
(Negi et al., 2003).The obtained results show that the pomegranate 
peel is a natural source of phenolic compounds. So, it is suggested that 
the pomegranate peel may be used as a natural antioxidant to improve 
the quality, stability and safety of  foods. 

Chemical composition of cakes and biscuits prepared from wheat 
flour (72 % extraction) and pomegranate peels powder at 
different levels: 

The chemical composition changes for both cakes and biscuits 
prepared with different replacement levels of pomegranate peel 
powder (pp) at 2.5, 5, 7.5 and 10 % instead of wheat flour compared 
with control for both cake and biscuit which prepared with 100% 
wheat flour 72% extraction are given in Table (3). 

It could be observed that, moisture content, crude protein, ash 
and ether extract showed slight and gradual increases of the prepared 
cake and biscuit samples with different levels of pomegranate peels 
(pp) compared to the control sample. On contrary, gradual decrease in 
total carbohydrates with increasing of pomegranate peels levels was 
noticed. Meanwhile, crude fiber content, gradually increased as the 
substitution level increased in both prepared cake and biscuit samples. 
So, the increment percentages of crude fiber in supplemented cakes 
and biscuit samples ranged between 44.83 – 185.06 % and 22.64 – 
132.08 % at levels 2.5 and 10 %, respectively (Table 3).These results 
were agreed with those reported by Mahfouz et al.,(2007), Zaki et 
al.,(2009) and Doweidar et al., (2010) . 

Total phenolic content in cakes and biscuits: 
Concerning , the total phenolic content for different samples, the 

data in Table (3) show that cake and biscuit samples prepared from 
wheat flour only (control samples) had 91.86 and 81.49 mg/g (DWB) 
phenolic contents, respectively, whereas, the  supplemented cake and 
biscuit samples had phenolic content ranging between (130.23 – 
265.11) and (121.70 – 235.46) mg/g (DWB), respectively. The 
increment percentages ranged from (41.77 - 188.60 %) and (49.34 -
188.94 %) in supplemented cake and biscuit samples, respectively, 
compared with the control samples. Comparing the phenolic content 
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of the prepared samples, it could be notice that, these values were 
lower than that of the original pomegranate peel powder (Table 1). 
However baking or drying at temperature above 60ºC is regarded as 
unfavorable due to the possibility of inducing oxidative condensation 
or decomposition of thermo-liable compounds like phenolics (Asami 
et al., 2003 and  Sudha et al., 2007). Despite of these decrements in 
total phenolic contents of the supplemented samples, compared with 
pp powder, the prepared cake and biscuit samples still have sufficient 
amount of phenolics compared to the control sample (zero pp). The 
higher amount of phenolic contents in the latter cake and biscuits 
supplemented with 10 % pp powder can also be due to components 
derived from pomegranate peel, and the formation of intermediates 
such as endues and reductions during baking process, which interferes 
with the colorimetric assay (Sudha et al., 2007). On the other hand, 
Valencia et al., (2007), mentioned that bakery products prepared with 
mango dietary fiber (MDF) concentrates had slightly lower in 
phenolic contents than the original (MDF) concentrate. These results 
suggest that baking does not have significant impact on these 
compounds. 

Dietary fiber and their fractions of cakes and biscuits prepared 
from wheat flour (72 % ext.) supplemented with pomegranate 
peels powder at different levels:  

Dietary fiber may be divided into two parts when it is dispersed 
in water: a soluble and insoluble fraction (Ramulu and Udayasekhara 
,2003). Each fraction has different physiological effects: The insoluble 
part is related to both water absorption and intestinal regulation, 
whereas the soluble fraction is associated with the reduction of 
cholesterol in blood and the diminish in the intestinal absorption of 
glucose. 

The dietary fiber and its fractions in both cake and biscuit 
prepared using wheat flour supplemented with different levels of 
pomegranate peels powder were studied and the obtained results are 
shown in Table (4).  

From these results, it could be noticed that the total, soluble and 
insoluble dietary fiber increased in all samples as a result of 
supplementation with different levels of pomegranate peels powder 
(Table 4).  
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Concerning, total dietary fiber (TDF), both products formulated 
with pp powder exhibited increased TDF  levels, so, the TDF in 
supplemented cake and biscuit samples values ranged between 3.98 – 
8.57 % and 4.97 – 9.32 %, respectively compared with 2.78 % and 
3.24 % on (DWB) in the control samples. The increment percentages 
of TDF ranged between 43.17 – 208.27 % and 53.40 – 187.65 % in 
supplemented cakes and biscuits samples, respectively. Addition of 
pomegranate peels powder (pp) also improved SDF and IDF contents, 
which the increment percentages were 33.73 – 186.75 % and 55.21 – 
209.38 % for SDF of supplemented cakes and biscuits samples. 
Meanwhile, the corresponding values of IDF ranged between 47.18 – 
217.44 % and 52.63 and 178.51%, respectively, as shown in (Table 4). 

In this concern, Sangronis and Reboffeda (1993) mentioned that 
TDF contents in commercial fiber rich cookies have been reported 
between 3.73 and 6.95 % (DWB).  

However, the SDF/IDF ratio is important for both dietary fiber 
and functional property. It is generally accepted that those fiber source 
suitable for use as food ingredient should have an SDF/IDF ratio close 
to 1: 2 (Jaime et al., 2002). 

The obtained results were closer to Sudha et al., (2007), 
Valencia et al., (2007), who reported that the high content of TDF, 
crude fiber and ash of fruit by products are expected   to raise the 
nutritive value of wheat flour used for cakes making. So, it could be 
observed that the prepared cake and biscuit samples containing pp 
powder at different substitution levels (2.5 – 10%) could provide 
about 16 – 35 % and 20 – 37 % of the Daily Recommended Values 
(DRV'S) of dietary fiber, respectively. 

These findings indicate that both types of bakery products 
prepared with pomegranate peels powder had interesting TDF 
contents and may be an alternative for people with special caloric 
requirements. 

Effect of adding pomegranate peels powder on the oxidative 
stability of cake and biscuit lipids during storage: 

Hydroperoxides are the primary products of lipid oxidation, 
therefore peroxide value determination can be used as oxidation index 
of the early stages of lipid oxidation ( El -Anany , 2007)  
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The changes in peroxide values for all samples during storage 
for 6 weeks at room temperature for lipids extracted from samples are 
shown in Table (5). 

The data in Table (5) revealed that peroxide value of the oil 
extracted from the control baked materials amounted in 0.64 at zero 
time and increased to 0.85 , 2.53 and 3.10 equiv.O2/100g after 2 , 4 
and 6 weeks for cake. Meanwhile, it was 0.48, 0.69, 2.32 and 2.83 
equiv.O2/100g for biscuits. Addition of BHA reduced peroxide value 
by about 50 % during storage periods. Supplementation with pp 
powder showed a gradual decrease in peroxide value than that of 
control either in control or during storage periods. For instance, 
supplementation with 2.5 % pp powder resulted in peroxide value of 
0.36 at zero time and ranged from 0.76 to 2.12 equiv.O2/100g during 
storage periods for cake. Similar trend was found concerning biscuits. 
It is worth to mention that the increasing of pp powder resulted in 
more stability of the extracted oil and in parallel increased the shelf 
life of the bakery products.    

These results are in good agreement with (Gil et al., 2000), who 
mentioned that the antioxidant activity shown by the pomegranate 
peel powder extracts may be due to the presence of polyphenols, such 
as ellagic tannins, ellagic acid and gallic acid. Also, Reddy et 
al.,(2005), reported that the natural antioxidants have gained 
considerable interest in recent years for their role in preventing the 
auto-oxidation of fats ,oils and fat containing food products. The 
addition of plant extracts to foods gave an excellent antioxidant effect 
on the product than that of the control and synthetic antioxidant 
treated samples.   

Rheological  properties: 
Results presented in Table (6) show the effect of substitution of 

2.5, 5, 7.5 and 10 % of pomegranate peels powder (by-product) to 
wheat flour 72 % extraction on farinograph parameters. From the 
results, it could be noticed that the water absorption of flours 
increased gradually with increasing the added different levels of pp 
compared with the control sample. 

The increase in pomegranate peel powder (pp) content in the 
blend was from 0 % to 10 %, increased the water absorption from 60.1 % 
to 70.45 %. Similar observations were mentioned by Sudha et al., 
(2007) and Essam El-Din (2008).  
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Regarding the arrival time (min) and the dough development 
(min), results in Table (6) show that these two parameters were 
proportional to the increase of pomegranate (pp) dietary fiber added to 
the wheat flour. However, the blended sample containing 10% pp 
recorded the highest value of arrival time and dough development 3 
and 3.5 (min) compared with only 1 and 1.5 (min) for the 
corresponding blended sample of 100 % wheat flour. These results 
reflect the directly effect of pp fiber for these characters. Sudha et al., 
(2007) mentioned that the increase in dough development time in the 
blends has slowed the rate of hydration and development of gluten. 

On the other hand, stability of dough (min.) decreased from 14 
min. for the control samples to 12, 10, 9 and 8 min. of pomegranate 
peels powder at the levels 2.5, 5, 7.5 and 10 %, respectively, as a 
result of increasing of weakening of dough. Finally, this means that 
the nature of pomegranate peels fiber played an important function in 
farinograph parameters of dough (Table 6). 

Also, these results are in accordance with those obtained by Abd 
El-Moniem and Yassen (1993), who mentioned that the addition of 
different types of fiber reduced the dough stability compared with the 
control. These obtained results coincide with those obtained by Sudha 
et al., (2007),  Essam El-Din (2008) and Doweidar et al., (2010).  

Also, extensograph parameters used to study the effect of 
addition of pomegranate peel powder (pp) on the elastic properties 
(Table 6). From these results, it could be observed that with the 
increase of pp powder content to 10% the extensibility values 
decreased from 110 to 35 mm.       

On contrary, the resistance to extension increased from 200 to 
260 B.U. (Table 6). These results are in accordance with those 
obtained by Wang et al., (2002), who found that elasticity decreased 
by the addition of tested fibers. On the other hand, Sudha et al., 
(2007), found that, the extensibility values decreased from 127 to 51 
min. and this may be either due to the dilution of gluten proteins or 
interactions between polysaccharides and proteins of wheat flour. 
Also, results of Wang et al., (2002), Collar et al.,(2007), were in good 
accordance with the obtained results for extensibility reduction of 
fiber supplemented dough's. They mentioned that overall dough 
weakening effect of fibers was evidenced from low resistant to the 
extension fiber-enriched dough's which can be largely attributed to the 
increased concentration of insoluble and soluble cell wall material 
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from fiber responsible for the partial mechanical disruption of the 
gluten network. 

Concerning the values of proportional number (R/E) of dough's, 
it could be notice that the values drastically increased from 1.82 to 
7.40 with the increase of pp content to 10% in the blend (Table 6). 
The data indicate that the dough became stiff with the increase in 
pomegranate peel powder. 

Finally, dough energy values decreased from 37 cm2 in the 
control sample to 13 cm2 in dough containing 10 % pomegranate peels 
powder. This might be due to the addition of more pomegranate peels 
which caused breakdown of gluten network. These results are in 
agreement with those obtained by Rizk et al., (2009). 

Effect of adding pomegranate peels powder on the physical 
properties of cakes and biscuits: 

The different prepared cakes and biscuits samples were 
subjected to some physical measurements including weight, volume, 
density and specific volume. The obtained results were statistically 
analyzed and represented in Table (7). Statistical analysis of the 
results show significant differences in all measured physical properties 
of the tested samples. So, as the supplemented levels of pomegranate 
peels powder increased the weight and density of the prepared cakes 
and biscuits increased.        

From these results in Table (7), it could be observed that the 
cake and biscuits supplemented with pomegranate peels at levels 2.5 – 
5 % showed slightly significant differences compared to the control 
samples, meanwhile, the samples supplemented with 7.5 – 10 % 
pomegranate peels recorded the highest significant values of their 
physical properties compared to the control samples. These results 
also, agree well with those obtained by Zaki et al., (2009) and 
Mahfouz et al., (2007). 

So, the highest increase in weight and density was found when 
pomegranate peel powder was used at 7.5 and 10 % substitution which 
recorded 135.90 g and 0.793 g/cm3 in cake and 15.83 g and 0.853 
g/cm3 in biscuits samples for these parameters, respectively, compared 
with the control samples which recorded 113.08 g and 0.563 g/cm3 in 
cake and 12.47g and 0.409 g/ cm3 in biscuits for the same parameter 
(Table 7). This increase in weight of supplemented samples with the 
increased level of substitution may be attributed to the high levels of 
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fibers in the supplemented samples which increased the water 
absorption and consequently affected weight of samples (Mahfouz et 
al., (2007). Also, Masoodi et al., (2002) and Sudha et al., (2007), 
reported that weight and density of the cakes increased due to the 
strong water binding properties of apple fiber. 

On contrary, significant decrease in volume and specific volume 
was observed with the increase in pomegranate level (Table 7). 

Control cake and biscuit samples had an average volume and 
specific volume of 200.80 cm3 and 1.78% cm3/g of cake and 30.43 
cm3 and 2.44 cm3/g of biscuits, which, decreased to 171.44 cm3 and 
1.26 cm3/g and 18.57 cm3 and 1.17 cm3/g for cake and biscuits 
samples, respectively. Masoodi et al.,(2002) and Sudha et al .,(2007), 
noticed similar observations during studying the effect of fiber on 
cake characteristics. Increased replacements of flour with fibers have 
been reported to weakening the gluten matrix responsible for retaining 
gases in baked foods. 

From the obtained results, it could be concluded that 
incorporation of pomegranate peel (pp) powder does not change the 
physical properties of cake and biscuits samples to undesirable level 
up to (5%) and can be used as source of natural dietary fiber. 

Sensory evaluation: 
Sensory evaluation of the control cake and biscuits formula 

prepared with pomegranate peel (pp) powder were considered one of 
the important test affecting their acceptability qualities to a large 
extent. 

Sensory evaluation of cakes: 
The sensory characteristics, i.e., color, spongy , taste, flavor, 

color of crumb, texture, volume and granules for cakes prepared from 
wheat flour 72 % extraction containing different levels of 
pomegranate peels powder were evaluated by ten panelists. The 
obtained data were statistically analyzed as shown in Table (8). 

The results presented in Table (8) show significant changes in 
cakes substituted with pomegranate peels powder at all different levels 
and the control, especially color, spongy and taste, but other sensory 
characteristics had no significant difference compared with the control 
as shown in Table (8). 
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The data obtained in Table (8) show slight significant 
differences in crust color, spongy, taste, flavor and granules of the 
cake samples prepared with (pp) up to 7.5% level of substitution. 
Compared with control cake, texture, volume and granules which gave 
highly significance due to supplementation. The scores of all the 
parameters of sensory evaluation decreased significantly only at 10% 
levels of addition of pomegranate peel. Also, the scores for crumb 
color decreased significantly as it was changed from creamishely 
yellow to brown color. The crumb grain scores decreased as the cakes 
had more compact cells and were dense, being connected well with 
the density values of the cakes presented previously in Table (8). 
However, with increasing the (pp) levels up to 10 % the prepared 
cakes gave highly insignificance difference in most of sensory 
parameters compared with the control cake. Though, the significant 
differences found in the test panels of the cake prepared with 
pomegranate peel powder was highly acceptable up to 7.5 % (pp). 
Similar results were reported by Essam El-Din (2008) and Doweidar 
et al., (2010). 

Sensory evaluation of biscuits: 
The data presented in Table (9) show the sensory characteristics, 

i.e., taste, odor, texture, crust color and crumb color of biscuits 
prepared from wheat flour 72 % extraction and supplemented with 
different levels of pomegranate peels powder. 

From the same results in Table (9), it cold be noticed that the 
supplementation with pomegranate peels powder at levels 2.5 and 5 % 
recorded nearly the same score compared to the control sample. 
Meanwhile, biscuits prepared with pomegranate peels at levels 10 % 
recorded the lowest score (Table 9). Conclusively, biscuits samples 
containing 2.5 and 5% of pomegranate peels powder had no 
significant difference for the same sensory characteristics compared to 
the control sample. But other supplemented levels for all parameters 
of sensory evaluation showed significant differences between them 
and the control biscuits samples. 

Concerning sensory evaluation of different prepared biscuit 
samples, the results in Table (9), show highly significant differences 
between the prepared biscuit samples with 10 % (pp) and the control 
in taste, odor, texture, crust and crumb color, while, slightly 
differences were observed in taste, odor, texture and crust color of 

 



J. Biol. Chem. Environ. Sci., 2011, 6(1), 445-474 469 
 

biscuits prepared with (pp) powder up to 5%. Meanwhile the lowest 
mean score for odor, texture, crust and crumb color were recorded for 
biscuits samples substituted with 7.5 and 10 % (pp) powder. 
Therefore, the biscuits samples substituted with 2.5 and 5% (pp) 
powder recorded the highest scores and preferred parameters for 
judgments of sensory evaluation followed by biscuit samples 
substituted with 7.5 and 10 % (pp) powders, respectively. These 
previously observations are closer to that observed by Mahfouz et al., 
(2007), Essam El-Din (2008) and Rizk et al., (2009). 

 
Table (9). Sensory evaluation of biscuits prepared from wheat flour 
(72% extraction) substituted with different levels of pomegranate peels 
powder. 

 
 

Conclusion 
The obtained results indicate that the high content of total dietary 

fiber (TDF), crude fiber, ash and phenolic compounds of pomegranate 
peels are expected to raise the nutritive value of wheat flour used for 
cakes and biscuits making .So, it could be observed that the prepared 
cake and biscuits samples containing pp powder at different 
substitution levels (2.5 – 10 %) could provide about 16 – 35 % and 20 
– 37 % of the Daily Recommended Values (DRV'S) of dietary fiber, 
respectively. 

These findings indicate that both types of bakery products 
prepared with pomegranate peels powder had interesting total dietary 
fiber (TDF), phenolic contents and may be an alternative for people 
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with special caloric requirements. Also, it could be considered as a 
good and balanced diet either for the adult and /or school children. 
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الاستفادة من قشور الرمان آمصدر طبيعي للألياف ألغذائية و مضادات 
 الأآسدة في بعض منتجات المخابز

 محمد أبـو النـجا مبروك، ســـــعد ميخائيـــل يوسف ، ســـحر محمد زآي 
   مصر- جيــــزة- مرآـــز البحوث الزراعيــــــة-د بحوث تكنولوجيــــا الأغذيــــــة معه
  

تم إجراء هذا البحث بهدف الاستفادة من قشور الرمان آناتج ثانوي خѧلال تѧصنيع الرمѧان         
آمѧѧصدر طبيعѧѧي غيѧѧر تقليѧѧدي للأليѧѧـاف الغذائيѧѧـة ومѧѧضادات الأآѧѧسدة وذلѧѧك فѧѧي إنتѧѧـاج بعѧѧض     

وبنѧاء علѧي ذلѧك تѧم اسѧتبدال دقيѧق القمѧح        ،)الكيѧك والبѧسكويت  (لѧصحيـة مثѧل    منتجات المخابـز ا  
المستخدم في عمل الكيك والبѧسكويت بمطحѧون قѧشور الرمѧان عنѧد مѧستويات                % 72استخراج  

  .طبيعيــا وحســيا، ريولوجيـــا ، وتقييم المنتجات آيميائيـا % 10 و7.5، 5، ، 2.5استبدال 
 أن قشور الرمان احتوت علي آميــات آبيــرة مѧن الأليѧاف       أظهرت نتائج التقييم الكيميائي   

 % 56.47، 16.21رآبـѧѧѧـات الفينوليـѧѧѧـة حيѧѧѧث آانѧѧѧت الخѧѧѧام والأليѧѧѧاف الغذائيـѧѧѧـة الكليـѧѧѧـة والم 
آمѧا وجѧد أنѧه بزيѧادة نѧسب          . علѧي التوالـѧـي   ، )علي أسѧاس الѧوزن الجѧاف      (جرام  / مج 522.56و

المѧѧستخلص الإثيѧѧـري  ،الإحѧѧلال مѧѧن قѧѧشور الرمѧѧان ازدادت نѧѧسب آѧѧل مѧѧن البروتيѧѧـن الخѧѧام         
بينمѧѧѧا انخفѧѧѧضت ، فينوليـѧѧѧـة الرمѧѧѧاد والمرآبѧѧѧات ال،الأليѧѧѧاف الغذائيѧѧѧة الكليѧѧѧة ، الأليѧѧѧاف الخѧѧѧام ،

  .الكربوهيدرات الكليــة في آل من الكيـك والبسكويت المدعـم بنسب مختلفة من قشور الرمـان
آذلك تم تقدير رقـم البيروآسيد لليبيــدات المستخلصة من الكيѧك والبѧسكويت أثنѧاء فتѧرات              

نتائـѧѧـج أن إضѧѧافة  أسѧѧابيع وأوضѧѧحت ال6التخѧѧزين للعينѧѧات علѧѧي درجѧѧـة حѧѧـرارة الغرفѧѧـة لمѧѧدة  
قѧѧشور الرمѧѧان لهѧѧا آفѧѧاءة عاليѧѧـة آمѧѧواد مѧѧضادة للأآѧѧسدة لاحتوائهѧѧا علѧѧي آميѧѧـات عاليѧѧـة مѧѧن        

  .المرآبــات الفينوليـــة
آمѧѧا تѧѧم تقѧѧدير الخѧѧواص الريولوجيѧѧة للعينѧѧات المختلفѧѧة بواسѧѧطة جهѧѧازي الفѧѧارينوجراف       

              ѧاء للعجѧصاص المѧادة امتѧي زيѧائج إلѧا    والإآستنسوجراف وقد أشارت النتѧصنع منهѧا  ، ين المѧآم
وارتفѧѧاع الرقـѧѧـم ،بينمѧѧا انخفѧѧضت درجѧѧة ثبѧѧات العجѧѧين ، زاد زمѧѧن الوصѧѧول و درجѧѧة الѧѧضعف

أمѧѧا بالنѧѧسبة  . النѧѧسبي للعجائــѧѧـن المدعمѧѧة بينمѧѧا انخفѧѧضت درجـѧѧـة الانѧѧسيابيــة لهѧѧذه العجѧѧائن       
ة نѧسب   للخصائص الطبيعية وجد أن الوزن والكثافة تѧزداد بينمѧا يѧنخفض الحجѧم النѧوعي بزيѧاد                 

آمѧѧѧا أوضѧѧѧح التقييـѧѧѧـم الحѧѧѧسي للمنتجѧѧѧات زيѧѧѧـادة القابليѧѧѧـة للكيѧѧѧـك     . الإحѧѧѧلال بقѧѧѧشور الرمѧѧѧـان 
 % 7.5والبسكويت المدعـم بقشور الرمـان وقد أظهرت النتائــج درجة تفضيل عاليـة حتѧى نѧسـبة               

  .من قشور الرمــان
لأليѧѧاف وتوصѧѧي نتѧѧـائج هѧѧذه الدراسѧѧة بѧѧأن قѧѧشور الرمѧѧان تعتبѧѧـر مѧѧصدر طبيعѧѧي واعѧѧد ل      

بالإضافة ألي إنها   ، الغذائية لاحتوائه علي الفينــولات العديدة والتي تظهر نشاط مضاد للأآسدة         
تعطѧѧي لѧѧون و رائحѧѧة مقبولѧѧة ممѧѧا يجعلهѧѧا أآثѧѧـر ملائѧѧـمة للاسѧѧتخدام بمѧѧدي واسـѧѧـع فѧѧي تدعيـѧѧـم   

  .  الأغذيــة و الحصول علي مخبـوزات صحية عاليــة القـيمة الغذائيــة
  

 


