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of Agriculture, University of The experiment was conducted in the laboratories of the Food Science
Tikrit, Tikrit, Irag Department - College of Agriculture - Tikrit University, the study aimed to

produce cookies by replacing the wheat flour with the pomegranate peels by 0,
1.5, 3, 4.5%, and study its impact on the chemical, physical, sensory properties
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Cookies, Chemical and and carbohydrates for the control sample (To) (4.13, 0.58, 22.64, 6.89, 0.54,

65.22) %, and (3.56, 0.61, 22.12, 6.84, 0.80, 66.07) % for the sample (T,)
replaced by 1.5% pomegranate peel, and (3.48, 0.65, 21.97, 6.78, 0.95, 66.17) %
for the sample (T,) replaced with 3% pomegranate peels, And (3.36, 0.69, 21.79,
6.71, 1.18, 66.27)% for the sample (T3) replaced with 4.5% pomegranate peels.
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The effect of substitution on the physical properties of the cookie product, it
showed a significant decrease in the diameter of the additive sample of 1.5, 3, and
4.5% of the pomegranate peel, reaching 4.71, 4.66 and 4.56 cm, respectively, and
a decreased in the thickness with increasing the concentration, as the thickness
reached (1.41, 1.36, 1.35, 1.33) cm for the parameters T, Ty, T, and Tj,
respectively, while, the diffusion ratio was 3.46, 3.45 and 3.43 cm for T1, T2, and
T3 parameters, respectively. The results of estimation of phenols indicated that
the concentration of total phenols in the cookies product was 74.92 mg/100 g,
78.89 mg / 100 g, 83.39 mg/100 g, and 88.85 mg/100 g for samples (Tq, Ty, To,
Ti), respectively, while the percentage for free radical inhibiting activity in
cookies samples with different concentrations of pomegranate peels added was
21.20% in the control group (T,) and in the treatments T,, T, and T3 (24.07, 25.18
and 27.12), respectively. The results of the sensory evaluation of the cookie
product under study showed, transaction T, outperformed the rest of the
transactions in overall product acceptance, the results showed that there were no
significant differences (P<0.05) in the taste quality between the treatments (T,
T1, T,) and also between the two treatments (T,, Ts), The results also showed that
there were no significant differences between the treatments (T, T;) and the
coefficients (T4, T,), and between the treatments (T,, Ts) in the color, while the
results showed that there were no significant differences in the parameters Ty, Ty,
T, and T3 for the crispiness, also, the results showed of the sensory evaluation
that were no significant differences (P<0.05) between all treatments for the
characteristics of texture and overall acceptability.
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INTRODUCTION

Pomegranate tree is one of the oldest Edible Fruits trees, which was mentioned in the Quran.
Its fruits also contain high concentrations of multiple phenolic compounds compared to other fruits.
Pomegranate, whose scientific name is punica granatum, belongs to the punicaceae family, and its
cultivation is now widespread in Asia, Europe, North and South America, Africa and Australia
(Holland et al., 2009).
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Pomegranate consumption has increased result its multiple functions and nutritional
benefits, pomegranate is usually consumed in several forms, either fresh or processed, such as
juices, jams, jelly and others. The edible portion of the pomegranate fruit represents about 50%,
consisting of 40% aril and 10% seeds, the inedible portion represents the peels and amounts to
about 50% of the total weight of the fruit, the consumption of these fruits usually generates large
quantities of by-products, these include peels, which are often disposed of as waste and can be used
in the food and pharmaceutical industries (Jalal., 2018; Balli., 2020).

Pomegranate peel contains abundant quantities of bioactive compounds, the peel of
pomegranate contains large quantities of phenolic compounds such as flavonoids, catechins,
anthyocyanins, tannins, pedunculagin, punicalin, and gallic acid (Ismail et al. 2012; Sood and
Gupta, 2015).

Phenolic compounds are used in the food industry as natural colorants, preservatives, antioxidants,
or additives of nutritional value, and interest in them has increased because to their multiple health
benefits free radical scavenging capability, many researchers have also studied the effect of adding
pomegranate peels and extracts in many food products, including dairy products, meat products,
fish and cookies, and their effect on chemical, physical and sensory properties and antioxidant
activity. In another study, the potential use of pomegranate peel in muffin cakes was studied. Wheat
flour was partially (5, 10, and 15%) substituted with pomegranate peel powder. Pomegranate peel
powder increased apparent viscosity values of cake batters. Pomegranate peel addition caused a
significant (P<0.05) increase in insoluble and total dietary fibers, total phenolics, and total
antioxidant activity values (Topkaya and Isik,2019). In another study, pomegranate peel powder
supplementation significantly (P<0.05) improved dietary fibers (0.32—1.96 g/100 g), total phenols
(90.7-161.9 mg GAE/100g) and inorganic residues (0.53-0.76 g/100 g) of cookies. Similarly,
significant increase in Ca, K, Fe and Zn levels was noted in supplemented cookies (Ismail et al.
2014).

MATERIALS AND METHODS
1 - Source of samples

Pomegranate fruits were obtained from the local variety (Punica granatum var.nana) during
the month of August of 2019 from the local markets of Salah EI-Din Governorate.

2 - Prepare of pomegranate peel powder
Pomegranate peel powder was prepared according to Ranjitha et al. (2018b).

2-1: Pre-treatment: Fresh pomegranate peels were cut into small pieces using a steel knife, treated
by soaking in 2% saline solution for 10 minutes, then, the saline solution was discarded and the
peels were washed with tap water, then placed in trays and dried.

2 -2: Prepare the peel powder: After pretreatment fresh pomegranate peel was placed in a tray
drier at 65 °C for several hours how many to obtain dry peel, the dried pomegranate peel was
crushed by food grinder in to powder form to completely pass through 0.5 mm size sieve to obtain a
homogeneous powder.

3- preparation of cookies product:

The cookies product was manufactured according to the method mentioned by El-sharnouby
et al. (2012) with some slight modifications with the adoption of different concentrations of peel
and flour, and shown in Table (1), 100gm of flour (or flours and peels) is mixed, with 259 of fat,
30g of sugar, and 1.5g of sodium bicarbonate, and 2 grams of ammonium bicarbonate and 0.4
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grams of table salt dissolved in a small amount of water, and Skimmed milk powder 2 gm was
made into suspension with water, Total volume of water was limited to 25 ml. The liquid and solid
ingredients were well mixed and a paste was formed. Then it she divided the dough into small balls,
the dough was rolled and sheeted to a thickness of 3.5 mm thick and 45 mm in diameter and placed
on greased trays, baked at a temperature of 190+200C for 8-10 min in oven, after baking, cookies
were left to cool at room temperature, and then kept in plastic containers with a tight lid at the
temperature of the refrigerator until the tests were carried out.

Table (1) Flour and pomegranate peel ratios used in the preparation of cookies

Treatment | Flour ratio | Peels ratio The total content of flour and peels
Control 100 Zero 100
T1 98.5 15 100
T2 97 3.0 100
T3 95.5 4.5 100

4- Chemical estimation of cookies product:

A- Determination of moisture ratio:
The moisture content of the cookies product was estimated according to the method
mentioned in AOAC (2005).
Determination of ash ratio:
Estimated approval of the standard method mentioned in AOAC (2005).
C- Determination of fat ratio:
Estimate according to the method described in AOAC (2005) using the succulite
unit.
D- Determination of protein ratio:
The nitrogen content of the cookies product was estimated according to the method
mentioned in AOAC (2005) by the standard Kjeldahl method, and the protein
percentage was calculated by multiplying the percentage of nitrogen in the samples
by the conversion factor of 6.25.
Determination of total carbohydrate ratio:
The percentage carbohydrates were calculated according to the method mentioned by
Pearson (1970) as the difference between the sum of the components represented by
the percentage of moisture, ash, fat and protein minus 100.
Determination of fiber:
The fibers were determined according to the method mentioned in AACC (2000).

B

m

T
1

5- Physical Properties:

Physical properties were measured which included thickness, width and spread rate as
reported by Ranjitha et al. (2018).

6- Estimation of total phenolic content and antioxidant activity in a cookie product:

A- Prepare of sample:

Take 1 gm of the cookies samples study and add 50 ml of methanol of 60% in an
Erlenmeyer flask, and mixture was shaken vigorously for 5 minutes at room temperature, the
mixture was centrifuged at 3500 rpm for 10 min, the supernatant was collected for analyses.

B- Estimation of total phenols:

Total phenols were estimated according to the folin-ciocalteu method reported by Roy et al.
(2014).
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C- Determination of antioxidant efficacy
The antioxidant efficacy of the cookies was estimated by estimating the inhibitory effect of
free radicals and according to a method described by Chakraborty and Bhattacharyya
(2019).

7- Sensory Evaluation of Cookies product:

The sensory evaluation of cookies made in the laboratory was carried by 18 evaluators of
professors and students of food science - University of Tikrit. Evaluation forms for sensory
characteristics, and the evaluation scores were calculated using a grading system from (1 to 9-Point
hedonic scale) and as mentioned in Ismail et al. (2014).

RESULTS AND DISCUSSION
1. Chemical properties of cookies:

Table (2) showed significant differences at the level (P<0.05) between samples and for all
components, and it also showed that the percentage of moisture in the cookie product fortified with
pomegranate peel powder in proportions (1.5, 3, 4.5) % reached (3.56, 3.48, 3.36). Respectively,
while reached 4.13% in the control group (To). This result agrees with the description that given by
Ismail et al. (2014), as they indicated that the moisture content of the cookies fortified with
pomegranate peels was (4.35, 4.30, 4.24, 4.17%) for samples with pomegranate peelings added to
the proportions (0, 1.5, 3, 4.5) % Respectively, it also converges with that mentioned by Ismail et
al. (2016 a). The ash percentage was (0.58, 0.61, 0.65, 0.69) % for samples (TO, T1, T2, and T3)
respectively, and the results showed a significant increase (P<0.05) in the percentage of ash with
increasing concentration. and these results are close to was mentioned by Ismail and others (2014),
as they indicated that the percentage of ash in the cookies fortified with pomegranate peelings was
(0.53, 0.55, 0.61, 0.67) grams / 100 grams for samples supported with concentrations (0, 1.5, 3, 4.5)
% respectively. The percentage of fat in the cookie product to reached 22.64% in the control group
(TO), while it reached (22.12, 21.97 and 21.79%) for the samples (T1, T2, and T3), respectively, as
a significant decrease was noticed at the level (P<0.05) in Fat percentage when increased
concentrations. converge these results with Ismail et al. (2014), amounting to (23.78, 23.64, 23.59,
23.51) g/ 100 g samples (0, 1.5, 3, 4.5%) respectively. The percentage of protein was (6.89, 6.84,
6.78 and 6.71) % for the samples (TO, T1, T2, and T3), respectively. These results were similar to
was reported by Ismail et al. (2016 a). Table (2) also includes the percentage of fiber in the samples
of the cookies product, and also notes a significant increase at the level of (P<0.05) in the
percentage of fiber when the concentrations of pomegranate peels added to the product increased, as
the percentage of fiber reached (0.80, 0.95 and 1.18%) for the samples. (T1, T2, and T3)
respectively, while the percentage of fiber was 0.54% in the control group (TO). The percentage of
carbohydrates, is noticed a significant increase (P<0.05) for samples (TO, T1, T2, T3), as it reached
(65.22, 66.07, 66.17 and 66.27%), respectively. The reason for the difference in the proportions of
carbohydrates in the samples may be attributed to the difference in the proportions of the other
components, as the carbohydrates were estimated according to the difference between the
components.
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Table (2) The chemical composition of the cookies product containing different percentages of
pomegranate peel

<omponents Moisture Ash Fat Protein Fiber | Carbohydrates
% % % % % %
Treatment
TO a4.13 d0.58 | a22.64 a6.89 d0.54 d65.22
T1 b3.56 c0.61 b22.12 b6.84 c0.80 c66.07
T2 c3.48 b0.65 | c21.97 c6.78 b0.95 b66.17
T3 d3.36 a0.69 | d21.79 d6.71 al.18 a66.27

e The numbers in the table refer to three-repeat rates

e Differences in lowercase letters indicate a significant effect at (P<0.05).

e The sample represents TO (control group), T1 (1.5% pomegranate peel + 98.5% flour), T2
(3.0% pomegranate peel, +97% flour), T3 (4.5% pomegranate peel + 95.5% flour).

The difference in the proportions of the ingredients compared to what was mentioned in the
previous studies, it may be attributed to the difference in the variety used to obtain the peel, the
difference in the variety may mean the difference in the proportions of these components in the
shells originally, and thus the difference in their proportions in the product made from them, to the
difference in the proportions used from the peels, the quality difference in the flour used, difference
in chemical components, the degree of extraction, and the type of wheat, difference in the of added
water percentage, and peel of pomegranate is dry in nature, and increase the addition percentage
from, it may lead to the absorption of a higher percentage of added water this is indicated by
Srivastava et al. (2014).

2. The physical properties of cookies:

The show physical properties of the cookies product, which include width, thickness and
spread rate, shown in Table (3), significant differences (P<0.05) between some of treatments. It was
also evident that there was a significant decrease in the diameter of the sample containing 1.5% of
pomegranate peels (T1), reaching 4.71 cm compared with the control sample (T0) of 4.91 cm. Also,
the two samples T3 and T4 differed significantly, containing (3 and 4.5) % of Pomegranate peels,
was compared to the comparison treatment, as its diameters were (4.66 and 4.56) cm respectively.
These results are consistent with Ranjitha et al. (2018b) reported as they observed a decrease in the
width in the cookies product fortified with different concentrations, including (2.5% pomegranate
peels + 25% defatted soybean flour, 5% pomegranate peel + 30% defatted soybean flour), It is also
consistent with Ajila et al. (2008) mentioned, when they indicated a decrease in the width of the
biscuit product supported with different concentrations of mango peels, including (0, 5, 7.5, 10, 15,
20%), Zaker et al. (2016) stated that adding orange peels at (0, 5, 10, 15, 20%) concentrations to the
product of cookies led to a decrease in the width with an increase in the concentrations.

Table (3) showed that there were no significant differences (P<0.05) between some
treatments in thickness, noting that there was a slight decrease in thickness at lower concentrations
of the peels, and a higher decrease with increasing concentration, the thickness reached (1.41, 1.36,
1.35, 1.33) cm for TO, T1, T2 and T3 treatments respectively. This result agrees with the description
that given by Ajila et al. (2008) reported as they observed a decrease in the thickness of the biscuit
product with different concentrations that included (0, 5, 7.5, 10, 15, 20%) of mango peels. This
result agrees with reported by Ranjitha et al. (2018b). The reason for the decrease in thickness with
increasing concentrations of pomegranate peel powder may be due to the decrease in gluten, this
result agrees with reported Zaker et al. (2017).
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Table (3) The physical characteristics of cookies product containing different proportions of
pomegranate peel

Treatments Width (cm) Thickness(cm) Spread ratio
TO 491a l41a 3.48 a
T1 471 b 136 b 3.46b
T2 4,66 c 1.35b 345b
T3 456d 1.33¢c 343¢c

e The numbers in the table refer to three-repeat rates

¢ Differences in lowercase letters indicate a significant effect at (P<0.05).

e The sample represents TO (control group), T1 (1.5% pomegranate peel + 98.5%
flour), T2 (3.0% pomegranate peel, +97% flour), T3 (4.5% pomegranate peel +
95.5% flour).

Also found that the changes in width and thickness are reflected in spread ratio, It reached
3.38 in the control sample, while the T1 sample was 3.46, and this value decreased until it reached
3.43 with an increase in the addition of pomegranate peel powder, this is because of change in the
diameter and thickness values. This result agrees with Zaker et al. (2016), when they indicated that
the changes in diameter and thickness were reflected in the rate of spread in the cookies product, as
they noticed a decrease in the spread rate when adding concentrations of orange peel powder was
increased.

3. The content of total phenols in the cookies product:

Table (4) showed significant differences (P<0.05) between all samples, total phenols
concentration in the cookies product was 74.92 mg/100 g, 78.89 mg /100 g, 83.39 mg /100 g, and
88.85 mg /100 g for samples TO, T1, T2 and T3, respectively. These results converged with of
Ismail et al. (2016 a) they reported that the phenols content was 75.19 mg gallic /100 gm, 78.35 mg
gallic /100 gm, 82.47 mg gallic /100 gm, and 87.53 mg gallic /100 gm in the cookies samples
supplemented with pomegranate peels ratio (0, 1.5, 3, 4.5) % respectively, and with the findings of
Ismail et al. (2014). The variation in total phenols content ratios attributed this product in cookies to
add pomegranate peel at different concentrations, the phenolic content increased with the increased
concentration of pomegranate peel added, it may also have attributed the difference between has
been reached and reported in other studies to several factors, The genetic characteristics of
pomegranate fruits, growth conditions and storage methods, as well as the difference in the method
used in preparation of samples used in the pomegranate peel cookies product manufacturing
process, drying method, temperature, time used and devices used, This is consistent with was
indicated by ovigasogie et al. (2009) there are many different factors that affect the total phenolic
content, such as plant variety, treatment during harvest, storage methods and working mechanisms
during the analysis process.

Table (4) The phenolic content and the percentage of antioxidant activity in cookies supplemented
with different proportions of pomegranate peels

Treatments Total phenolic content Antioxidant activity
(mg GAE/1009) DPPH %
TO 74.92 a 21.20d
T1 78.89 c 24.07 c
T2 83.39 b 25.15b
T3 88.85 a 27.12 a

e The numbers in the table refer to three-repeat rates

e Differences in lowercase letters indicate a significant effect at (P<0.05).

e The sample represents TO (control group), T1 (1.5% pomegranate peel + 98.5%
flour), T2 (3.0% pomegranate peel, +97% flour), T3 (4.5% pomegranate peel +
95.5% flour).
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The antioxidant efficacy in the cookies product

Table (4) showed the percentage of free radical inhibiting activity in samples of cookies
with different concentrations of pomegranate peel added, the percentage in the control group (T0)
was 21.20%, and in the treatments T1, T2 and T3 (24.07, 25.18 and 27.12) % respectively. These
results are in agreement with the findings of Ismail et al. (2016a) they stated that activity of
inhibiting free radicals in the cookies supplemented with pomegranate peels was (22.14, 23.21,
24.80 and 26.66) % in the samples supplemented with rates (0, 1.5, 3, 4.5) % respectively, these
results converged with reported by Ismail et al. (2014). The increased addition of pomegranate peel
powder in the cookies product increased the antioxidant capacity because the total phenolic content
is high in the pomegranate peel, although some phenolic compounds are lost as to the baking
process (Nasser and AL Diab, 2018). The importance of phenolic compounds that they are powerful
natural antioxidants that can be used in many food and pharmaceutical applications, the presence of
these phenolic compounds high concentrations in pomegranate peels, which are by-products of the
manufacturing processes, it makes of great importance by recycling wastes and utilizing these as
alternatives to industrial antioxidants and as food additives. The work some phenols as antioxidants
to their oxidative properties, so they work as reducing agents or hydrogen donors, and have the
ability to suppress free radicals (Hakkim et al. 2008). There are other factors that are taken into
consideration, such as the nature and structure of these compounds (Heim et al. 2002). The
characteristics of antioxidants depend on the structural properties of the phenolic molecules and
their basic composition (Ciz et al.2010).

Sensory evaluation of the cookies product

Table (5) showed the results sensory evaluation of the cookies product, treatments outperform (T1)
on the rest treatments in overall acceptance product, the results showed that were no significant
differences (P<0.05) in the taste quality between the treatments (TO, T1, T2) and also between
treatments (T2, T3). The results showed no significant differences between the treatments (TO, T1)
and between treatments (T1, T2), and treatments between (T2, T3) in the color characteristic. the
results showed that no significant differences between TO, T1, T2 and T3 for the crispiness
characteristic, the results show of sensory evaluation no significant differences (P<0.05) between all
transactions for texture and overall acceptance. The table shows the superiority of the treatment
(T1) over the rest of the treatments for the studied four characteristic. The findings of the sensory
evaluation also converge with the findings of Ismail et al. (2014) the decrease in the sensory
evaluation was observed when increasing the concentration of pomegranate peel added to the
cookies product.

Table (5) Sensory evaluation results of a cookies product supplemented with different proportions
of pomegranate peels

Treatments taste color crispiness texture overall
acceptance
TO 7.11 a 8.00 a 7.33 a 7.39 a 7.27 a
T1 7.00 a 7.00 ab 7.44 a 7.11 a 7.44 a
T2 6.67 ab 6.50 bc 7.28 a 6.89a 7.00 a
T3 5.94 b 572 ¢ 6.89 a 6.89 a 6.83 a
Mean 6.68 6.81 7.24 7.07 7.14

e Similar lowercase letters within a single column no significant differences
at P<0.05.

e Each evaluation has ten marks.

135




Jandal . M. M .J and Naji . E. Z ./ Tikrit Journal for Agricultural Sciences (2021) 21 (1):129-137

REFERENCES

AACC (2000). American Association of Cereal Chemists. St. Paul. M.N, USA.

Ajila, C. M., Leelavathi, K. U. J. S., and Rao, U. P. (2008). Improvement of dietary fiber content
and antioxidant properties in soft dough biscuits with the incorporation of mango peel
powder. Journal of cereal science, 48(2): 319-326.

AOAC (2005). Official Methods of Analysis, 18 the. edition. Association of Official Analytical
Chemists, Inc., Gaithersburg, Maryiand USA

Balli, D., Cecchi, L., Khatib, M., Bellumori, M., Cairone, F., Carradori, S., and Mulinacci, N.
(2020). Characterization of Arils Juice and Peel Decoction of Fifteen Varieties of Punica
granatum L. A Focus on Anthocyanins, Ellagitannins and
Polysaccharides. Antioxidants, 9(3), 238.

Chakraborty, A., and Bhattacharyya, S. (2014). Thermal processing effects on in vitro Antioxidant
activities of five common Indian Pulses. Journal of Applied Pharmaceutical Science, 4(5):
65.

Ciz, M., Cizova, H., Denev, P., Kratchanova, M., Slavov, A., and Lojek, A. (2010). Different
methods for control and comparison of the antioxidant properties of vegetables. Food
Control, 21(4): 518-523.

El-Sharnouby, G.A., Aleid, S.M., and Al-Otaibi, M.M. (2012). Nutritional Quality of Biscuit
Supplemented with Wheat Bran and Date Palm Fruits (Phoenix dactylifera L.) Food and
Nutrition Sciences, 3: 322-328.

Hakkim, F. L., Arivazhagan, G., and Boopathy, R. (2008). Antioxidant property of selected
Ocimum species and their secondary metabolite content. J. Med. Plant Res, 2(9): 250-257.

Heim, K. E., Tagliaferro, A. R., and Bobilya, D. J. (2002). Flavonoid antioxidants: chemistry,
metabolism and structure-activity relationships. The Journal of nutritional biochemistry,
13(10): 572-584.

Holland, D., Hatib, K., and Bar-Ya’akov, 1. (2009). “Pomegranate: botany, horticulture, breeding,”
in Horticultural Reveiws, ed J. Janick (Hoboken, NJ: John Wiley & Sons): 127-191.

Ismail, T., Akhtar, S., Riaz, M., and Ismail, A. (2014). Effect of pomegranate peel supplementation
on nutritional, organoleptic and stability properties of cookies. International journal of food
sciences and nutrition, 65(6): 661-666.

Ismail, T., Akhtar, S., Riaz, M., Hameed, A., Afzal, K., and Sattar Sheikh, A. (2016a). Oxidative
and microbial stability of pomegranate peel extracts and bagasse supplemented cookies.
Journal of Food Quality, 39(6): 658-668.

Ismail, T., Sestili, P., and Akhtar, S. (2012). Pomegranate peel and fruit extracts: a review of
potential anti-inflammatory and anti-infective effects. Journal of ethnopharmacology,
143(2): 397-405.

Jalal, H., Pal, M. A., Ahmad, S. R., Rather, M., Andrabi, M., and Hamdani, S. (2018). Physico-
chemical and functional properties of pomegranate peel and seed powder.J. Pharm.
Innov, 7, 1127-1131.

Nasser, S. T., and AL Diab, D. (2018). Study of Some Affecting Factors on Phenolic Compounds
Levels and Their Antioxidant Activity in Some Functional Juices. Tishreen University
Journal for Research and Scientific Studies, Volume (40), Issue (5).

Oviasogie, P. O., Okoro, D., and Ndiokwere, C. L. (2009). Determination of total phenolic amount
of some edible fruits and vegetables. African journal of biotechnology, 8(12):2819-2820.

Pearson, D. (1970). The chemical analysis of food sixth editor journal and Agriculture, Churchill,
London.

Ranjitha, J., Bhuvaneshwari, G., and Jagadeesh, S. L. (2018b). Effect of Different Treatments on
Quality of Nutri-Enriched Cookies Fortified with Pomegranate Peel Powder and Defatted
Soybean Flour. Int. J. Curr. Microbiol. App. Sci, 7(2): 3680-3688.

Ranjitha, J., Bhuvaneshwari, G., Deepa, T., and Kavya, K. (2018a). Nutritional composition of
fresh pomegranate peel powder. International Journal of Chemical Studies,6(4):692-696.

136



Jandal . M. M .J and Naji . E. Z ./ Tikrit Journal for Agricultural Sciences (2021) 21 (1):129-137

Roy, S. A, Pal, T. K., and Bhattacharyya, S. (2014). Effect of thermal processing on in vitro
antioxidant potential of Capsicum (Capsicum annuum) of different ripening stages. Journal
of Pharmacy Research, 8(12): 1751-1756.

Sood, A. and Gupta, M. (2015). Extraction process optimization for bioactive compounds in
pomegranate peel. Food Bioscience, 12: 100-106.

Srivastava, P., Indrani, D., and Singh, R. P. (2014). Effect of dried pomegranate (Punica granatum)
peel powder (DPPP) on textural, organoleptic and nutritional characteristics of biscuits.
International journal of food sciences and nutrition, 65(7): 827-833.

Topkaya, C., and Isik, F. (2019). Effects of pomegranate peel supplementation on chemical,
physical, and nutritional properties of muffin cakes. Journal of Food Processing and
Preservation, 43(6): e13868.

Zaker, A., Sawate, A. R., Pati, B. M., and Sadawarte, S. K. (2016). Studies on effect of orange peel
powder incorporation on physical, nutritional and sensorial quality of cookies. International
Journal of Engineering Research and Technology, 7(05): 2278-0181.

Zaker, M.A., Sawate, A.R., Patil, B.M., Sadawarte, S.K. and Kshirsagar, R.B. (2017). Effect of
orange peel powder incorporation on physical, nutritional and sensorial quality of biscuits.
Food Sci. Res. J., 8(2): 160-165.

Aibash Galsdl) o dld il aall piiall dash guiual B Glad) 9dd (e Adlide o Jlaiad L8l A
geiial) lagll 5anSU aliaal) Jaliilly daally duilijudlls
AU S Uy Jaia dran (53¢a diga
L) — oS daals — Aol IS - LY asle and
EPAECIR
Alyg sl jreall claSl) iie yumad ) Al Cang Cu S dnels — Al A0S 23 Y) asle aud it b Al cugal
Llally Leeally ddlipilly 48beasl Galsdll & Al Hab dahys %4.5 3 1.5 0 il Lol edhs ddaial) gpale Jlaiuly
cialy 3) 4ls€al Aglal ol 8 Tas playll 5ed8 (he Al Caay el Jlasial @l cuing i) GleSll 508 aliadl)
0.54 ¢6.89 22.64 <0.58 «4.13) (To) Blasedl disal Cilyrmg)&lly LNy gy cpally slafly Lishyll (e IS o
<0.65 3.48) 5 olay 58 % 1.5 5 Uagendl (T)) Luall % (66.07 <0.80 6.84 22.12 0.61 <3.56) 5 % (65.22
(66.27 <1.18 6.71 21.79 <0.69 3.36) 5 ey 38 % 3 3 Aaicad) (T,) Luall % (66.17 0.95 <6.78 <21.97
Lalass) Jpemn cijglil 8 (el ite 8 A5l (alladll 8 Jlasa) 80 L) gl 55d8 % 4.5 5 aied) (T;) duall %
o Lalassly (sl e a 4.565 4.66 5 4.71 <l 3 glojll 558 e %4.55 3 5115 L) Caliad) Luell Ll b Lsins
by L ( sl Ao T3 (T2 (T1 (TO edlaleall aus (1.33 ¢1.35 ¢1.36 «1.41) aSlead) caly 3) ¢ 5S5 3305 pa dSLaudl
RSN gl S5 ) ¥l el il colal L gl e Ty To Ty cdlabaall s 3.43 5 3.455 3.46 L) dos
Ty Ty (Tp) cliall i2100/p2ke 88.85 5 22100/pike 83.39 5 22100/521478.89 5 12 100/pike 74.92 cialy 35 slasll peiia
&l Glofll )edl (e it 3815 Lol liaall clalll e 8 3all jsiall mlSl) Jaliall Lgiall Lol Loty ¢ Mgl e (T
pil) il caing L Mgl e % (27125 25.185 24.07)T3 5 T25T1 cdleladl) 35 %21.20 (Tp) Sl desane
(P<0.05) &isine (358 3535 pre ) chjelils iial alall Jodl) 3 cOleall &t o T1 Alalaall o8 ¢ el il aaal
CBlalaall (o dugine (398 35a9 pre @l Cughl WS (T ¢T)) gitlelaall g Liads (ToeTy ¢Tp) cdlebadl cp padall daa
& Lsine (g5 dgng e il Cell a8 ol dha B (T3eT)) @llabadl g o(TocTy) @Blabadl ey (T <To)
Clelaall paan o (P<0.05) digine (38 2539 p2e omenll auiil] il cajelal WS cdiliigl) daal T3 5Ty 5Ty 5 Ty cdlalas
Al Jl) 5 Al ital
1L5aillg Ailael ailadll ¢ Aaall juaeall claSll cLISH gl (5203 aliadd) Laliall (Lol edd sdualidal) cilall)

137



