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extract (OPE) and pomegranate peel extract (PPE) in meatball processing and evaluate their
impacts on bacteriological, physicochemical and sensory quality of meatballs. It was found
that values of APC, coliform count, psychotrophic bacterial count, and S. aureus count in
examined meatball groups fortified with OPE, PPE, and their mixture decreased greatly than a
control group. Pomegranate peel extract showed a marked antioxidant efficacy that delayed the
physico-chemical deterioration of meatballs followed by a group treated with a mixture of OPE
and PPE. Regarding sensory characters, OPE, PPE, and mixture treated groups remained at an

acceptance level for 18 days in contrast to a control group that spoiled at 6" day of cold storage,
s, peel extracts of plants provide an economic preservative to the meat industry.

1. INTRODUCTION

Meatballs are one of the most consumed meat products
worldwide (Oz and Cakmak, 2016). However, it deteriorates
rapidly during storage (Turp, 2016), due to protein and lipid
oxidation (Vuorela et al., 2005), leading to decreased
product acceptability, resulting in off-flavor, discoloration,
drip losses, decreased storage stability, and causing health
problems for customers (Dominguez et al., 2019). This
deterioration can be reduced by using synthetic or natural
antioxidants (Ledesma, et al., 2015). However, Consumers
tend to preserve products with natural-based preservatives
instead of chemicals (Ibrahim et al. 2024). Natural plant
extracts have antioxidants and antibacterial properties to be
important in the food products industry (Shindia et al.,
2024). Plant peel is rich in flavonols, phenolics, and
anthocyanins than the pulp tissue of plants (Tom” as-Barber
et al., 2001). So, it has potent antioxidant and antibacterial
qualities (Olatunde et al., 2021). Hence, the use of plant peel
extracts is an innovative way to substitute harmful synthetic
meat additives. Moreover, the use of plant by-products has
become a promising new frontier in the quest for creative
and sustainable food production (Ronie et al., 2024).
According to Ratu et al. (2023) the abundant bioactive
chemicals found in plant by-products make them valuable
for a range of industrial uses that promote health and
nutrition, so the utilization of these cheap waste plant by-
products to produce the value-added products is a
revolutionary step in their sustainable application.

Moreover, there is an increase in the waste of fruits that
threatens the environment as food waste is about ~16% and
leads to ~6% of global greenhouse gas emissions. So, it
becomes a challenge to invest it to reduce waste and keep
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the environment. Peel reduces the negative impact on the
environment (Skwarek and Karwowska, 2023).
Pomegranate peel is one of the most valuable by-products in
industry to be about 40-50% of the overall fruit's weight (Ali
et al., 2019). Orange also, is rich source of bioactive
compounds, such as carotenoids, phenolic acids, flavonoids,
and vitamin C. These substances have been researched for
possible health advantages because of their strong
antioxidant qualities (Chen et al., 2017).

So, the aim of this study was to keep sustainability, decrease
harm effect of plant peel on the environment, and provide an
economic solution to the food industry by using orange peel
extract (OPE) and pomegranate peel extract (PPE) in
meatball processing and evaluate their impacts on
bacteriological, physicochemical and sensory quality of
meatballs.

2. MATERIAL AND METHODS

2.1. Plant peel extract preparation

The ethanoic Extraction, purification of pomegranate, and
orange peel extract were performed according to Abu-Niaaj
et al. (2024) at the National Research Centre, Dokki, Cairo,

Egypt.

2.2. Experimental design

Raw beef meatball was supplied from a local store in
Menofiya governorate, Egypt. This experiment were
performed at January 2024 Meatballs were prepared
following the processing recipe of Morsy et al. (2018).
Samples were divided into 4 groups the 1st group (control),
2nd group (2% OPE), 3rd group (2% PPE group), and 4th
group (mixture of OPPE). Meatballs (100+5gm) were
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formed by hand under strict hygienic conditions, placed

into plastic trays, sealed with one layer of wrapping film,

and stored at 4 + 1 °C till spoilage. The samples were

analyzed periodically at 0, 2", 4 gth gth 10t 12t 14t

16M and 18 days of storage for bacteriological, physico-

chemical and sensory evaluation. This study was

triplicated.

The experimental design was approved by Scientific
Research Ethics Committee, Faculty of Veterinary
Medicine, Benha University with ethical approval number
BUFVTMO06-11-23

2.3. Bacteriological quality evaluation

Sample preparation was performed according to 1SO 6887-
1 (2013). The total bacterial count (TBC) using the pour
plate method on plate count agar (HIMDIA, M091S) at
35°C (ISO 4833- 1, 2013), Staph. aureus count on Baird
Parker agar base (HIMEDIA, M043) (incubated at 37°C for
48 hours (FDA, 2001), Psychrotrophic bacterial count
(PBC) on plate count agar (HIMEDIA, M091S) at 4°C
(FDA, 2001) and total coliform count according to ISO
4832 (2006) on violet, red bile agar media (HIMEDIA,
MO049) then incubated at 37°C for 24 hours.

2.4. Physico-chemical evaluation

The pH values were measured using the method given in
AOAC (2009), and the Thiobarbituric acid reactive
substances (TBARS) values were analysed following
AOAC (2009), with the results used to determine the
samples' oxidative condition. The TVB-N amount was
determined following the procedure given in AOAC (2009)
and reported as mg/100 g of sample.

2.5. Sensory evaluation

Each sample has been evaluated by nine highly experienced
panelists. Participants were given 100 + 10 g meatball
samples of each plant extract and asked to rate their sensory
attributes (color, odor, and overall acceptability). Samples
were coded with random numbers; panelists were unaware
of the experimental approach. They were asked to rate the
color, odor, and texture of each sample. A ten-point
descriptive scale was employed; a score of 10 was the
highest, while a score of 1 was the lowest (ISO 13299,
2003).

2.6. Statistical analysis

The data was processed with the graph pad prism program.
All data were analyzed using one-way ANOVA. Values
were reported as means and standard deviations. Significant
values (p< 0.05) were obtained at a 95% confidence level
(Steel and Torrie, 1980).

3. RESULTS

Results in Figure (1) illustrated the impacts of plant peels
extracts on the bacteriological quality of chilled meatballs
all over the storage period. Values of TBC, total coliform
count, total Psychotrophic count, and S. aureus count
revealed that there was a considerable difference between
control and treated samples (PPE, OPE, OPPE) (P < 0.05).
There was an increase in the values of bacterial quality
parameters all over the storage period markedly increased in
the control group till 6 day of storage, with a marked delay
in PPE, and OPPE treated group till 18" and 16" day of
cooled storage.

Concerning the physio-chemical quality of chilled
meatballs, results in Figure (2) illustrated values of PH,
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TBARS, and TVN. The results showed a considerable
difference (P < 0.05) between the control and treated groups
(PPE, OPE, OPPE).

Total bacterial count Coliform count
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Fig. 1 Impacts of OPE,PPE and OPPE on bacteriological quality (total bacterial count,
coliform count, psychrotrophic bacterial count and S. aureus count) of meatballs in control
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Fig. 2 Impacts of OPE, PPE and OPPE on physicochemical quality (pH, TVB-N and
TBAs) of meatballs in control (e), OR 2% (m), PO 2% (4) and OR:PO (1:1) 1% (¥)
during refrigerated storage period at 4°c E.O.S. (#) referred to the permissible limit.

There was an increase in the values of physico-chemical
parameters all over the storage period markedly increased in
the control group till 6™ day of storage, with a marked delay
in the PPE, and OPPE-treated group till 18" and 16" day of
cooled storage.

A sensory evaluation involves assessing color, odor, and
texture. From 2™ day of refrigeration, there were significant
differences between all examined groups. Sensory
characters significantly deteriorated in the control group at
6™ of storage. While, in OPE treated group, PPE treated
group and mixture treated group still accepted till 12 day,
16" day and 14" day of cooled storage respectively (Table
1).



El-bery et al. (2024)

BVMJ 47 (1) : 94-98

Table 1 Impacts of OPE, PPE and OPPE on Sensory characters of meatballs during refrigerated storage period at 4 °C

groups / Extracts period Control OPE (2%) PPE (2%) OPPE (1%)
zero day 9.25+0.35% 9.60 +0.14% 9.60 + 0.10° 9.60 + 0.14°
2M day 6.70 + 0.14° 8.10 +£0.14° 8.65 + 0.10° 8.30 +0.13"
4 day 5.35 +0.21° 7.25+0.35 8.05 +0.14¢ 7.55 + 0.10°
6" day 3.88+0.10° 6.40 +0.10° 7.40 £0.13¢ 6.55 +0.10°
8" day S 5.60 +0.14% 6.85+0.10° 5.80 +0.14°
10™ day S 5.10 £ 0.14* 6.12+0.10° 5.30 £ 0.10?
12" day S 4.85 +0.10° 5.7 £0.14° 4.92 +0.14°
14" day S 3.25+0.10° 5.00 £ 0.10? 4.71+0.142
16" day S S 4.7+0.28° 3.25+0.10°
18" day S S 3.35+0.21° S

4. DISCUSSION

Meatballs are prone to bacterial infection, which promotes a
rapid occurrence of rancid or putrid odor during storage and
preparation. Many researchers have recently concentrated
on using natural active ingredients to enhance the
antioxidant properties of meat balls made from beef (Meng
et al., 2022). The usage of agrifood wastes has gained
significant attention in recent years as they contain many
compounds that can be used to make functional foods. Also,
it has been discovered that the beneficial effects of many
substances on the health of the human are directly correlated
with their availability of phytochemicals and antioxidants
(Das et al., 2021) .

Since meat is perishable and vulnerable to oxidation of lipids
and proteins, the industry always looking for alternative
additives that can delay the spoilage and help create
healthier, longer-lasting goods (Das et al., 2021). The debate
over artificial antioxidants and antimicrobials, which have
been connected to serious health issues, has pushed directors
and consumers alike to use natural preservatives. Fruits and
vegetables are great providers of bioactive compounds that
can be added to raw meat processing ingredients. Utilizing
natural antioxidants is therefore essential to protect meat
from microbial development (Zhang et al., 2022; Smaoui et
al., 2019; Kandylis et al., 2020). Numerous plants extract
high in phenolic compounds have been shown to benefit
various meat systems by inhibiting the oxidation of proteins
and/or lipids (Njia et al., 2012).

Whereas Plant by-products are abundant in bioactive
chemicals and have many industrial uses that can improve
nutrition and promote health, it also indicates that plants by-
products can be added to a range of foods to improve their
antioxidant capacity, fiber content, and bioactive profile
without compromising their sensory acceptability. Overall,
using plant by-products in food formulation can improve
consumer health (Ratu et al., 2023)

In this study, OPE and PPE were added to beef meatballs
preserved in a refrigerator at 4Co. Results revealed that PPE
has the greatest effect among OPE and even OPPE on
enhancing shelf life and sensory characteristics of beef
meatballs during the refrigeration period for 18 days, similar
to results obtained by Ahmed et al., 2024; Kanatt et
al.,(2010). This could be because PPE had a 45% total
phenolic content (mg Gallic acid/g extract) and
approximately 25% higher antioxidant activity than OPE
samples (Selahvarzi et al., 2021). Pomegranate peel extract
is defined by the presence of phenolic components such as
elligic acid, and vanillic acid (Zhao et al., 2022). Orange peel
extract contains active phenolic components such as galleic
acid, protocatechuic acid, rutin trihydrate, trans-cinamic
acid, quercetin, apigenin, and hesperidin (Anagnostopoulou
etal., 2006) .

Pomegranate peel extract clearly has an impact on the
bacteriological quality of meatballs by decreasing counts of
aerobic plate count, S. aureus, total coliform, and
psychrotrophic bacteria. This is regarding those plant
components such as pomegranate and orange fruit by-
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products that contain polyphenolic chemicals (flavonoids,
tannins) that have antibacterial activity (Akhtar et al., 2015).
These findings were analogous to those of Morsy et al.,
(2018) by using LPP-NPs, and pomegranate peel extract
nanoparticles in chilled meatball.

Pomegranate's antibacterial effect has been connected with
polyphenolic tannins, including punicalagin and elagic acid
levels in the extract (Al-Zoreky,2009) and (Tehranifar et al.,
2011), by forming interactions with proteins and sulfhydryl
groups, these secondary metabolites hinder the growth of
bacteria by rendering them unavailable to the microbe
(Akhtar et al., 2015)

The phenolic and flavonoid substances such as ellagitannins,
gallic acid, anthocyanins, and ellagic acid are what give PPE
its antioxidant properties (de Oliveira et al., 2020;
Derakhshan et al., 2018).

It was demonstrated that OPE, PPE, and their combination
had a favorable impact on the physicochemical
characteristics of beef meatballs, analogous to those of
Morsy et al., (2018) and Ahmed et al .(2024) ,.

During this experiment, it was found that there was a great
improvement in sensory characteristics (color, flavor, aroma
and texture) of all treated samples similar to the data
obtained by Morsy et al., (2018), and Hama et al., (2018).
Certain data indicated that the existence of plant-derived
antioxidants can postpone the degeneration of red color by
slowing down the synthesis of met myoglobin (Muthukumar
et al., 2014). Also, Morsy et al., (2018) proved that PPE
prevents beef meatballs from discoloring on their surface.
These findings might be explained by the flavonoid
chemicals and catechins found in pomegranate peel extracts,
which effectively reduce myoglobin and prolong the storage
period of meat by delaying the synthesis of met-myoglobin.
(Naveena et al., 2008).

Pomegranate peel extract greatly improved the smell and
overall acceptability of the meatballs, which was consistent
with the findings for TBA. This could be because the
extracts preserved the meat by reducing lipid oxidation due
to their antioxidant concentration, which prevents the
generation of peroxide molecules such as Kketones,
aldehydes, and carboxylates (Devatkal et al. 2010); Zahin et
al., (2010).

5. CONCLUSIONS

Plant peel extracts such as PPE and OPE are an innovative
way to substitute harmful synthetic meat additives, it
provides an economic solution to the food industry. Peel
extracts especially PPE enhanced the bacteriological,
physicochemical, sensory quality, and shelf life of chilled
meatballs.

6. REFERENCES

1.  Abu-Niaaj, L. F., Al-Daghistani, H. 1., Katampe, 1., Abu-
Irmaileh, B., and Bustanji, Y. K. 2024. Pomegranate peel:
Bioactivities as antimicrobial and cytotoxic agents. Food
Science & Nutrition, 124: 2818-2832



El-bery et al. (2024)

BVMJ 47 (1) : 94-98

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ahmed, A. R., and Abd Elhameed, G. A. 2024. Impact of
fruit peels extract on the shelf-life of minced beef. Journal of
Advanced Veterinary Research, 142: 310-315.

Akhtar, S., Ismail, T., Fraternale, D., and  Sestili, P. 2015.
Pomegranate peel and peel extracts: Chemistry and food
features. Food chemistry, 174: 417-425.

Ali, A, Chen, Y., Liu, H., Yu, L., Baloch, Z., Khalid, S., Zhu,
J.,, and  Chen, L. 2019. Starch-based antimicrobial films
functionalized by pomegranate peel. International Journal of
Biological Macromolecules, 129: 1120-1126.

Al-Zoreky, N. S. 2009. Antimicrobial activity of
pomegranate Punica granatum L. fruit peels. International
journal of food microbiology, 1343: 244-248.
Anagnostopoulou, M. A., Kefalas, P., Papageorgiou, V. P.,
Assimopoulou, A. N., and  Boskou, D. 2006. Radical
scavenging activity of various extracts and fractions of sweet
orange peel Citrus sinensis. Food chemistry, 941: 19-25.
AOAC. ed,2005, Official methods of analysis of the
association of official analytical chemists. In W. Horwitz Ed..
17th. Washington, DC.

Chen, X.-M., Tait, A. R., and Kitts, D. D. 2017. Flavonoid
composition of orange peel and its association with
antioxidant and anti-inflammatory  activities. Food
Chemistry, 218: 15-21.

Das, A.K.; Nanda, P.K.; Chowdhury, N.R.; Dandapat, P.;
Gagaoua, M.; Chauhan, P.; Pateiro, M.; Lorenzo, J.M.
Application of Pomegranate by-Products in Muscle Foods:
Oxidative Indices, Colour Stability, Shelf Life and Health
Benefits. Molecules 2021, 26, 467. https://doi.org/10.3390/
molecules26020467

de Oliveira, F.L, Arruda, T.Y.P, da Silva Lima, R., Casarotti,
S.N, and Morzelle, M.C. 2020. Pomegranate as a natural
source of phenolic antioxidants: a review. J. Food Bioact. 9:
10-22

Derakhshan, Z., Ferrante, M., Tadi, M., Ansari, F., Heydari,
A., Hosseini, M. S., and Sadrabad, E. K. 2018. Antioxidant
activity and total phenolic content of ethanolic extract of
pomegranate peels, juice and seeds. Food and chemical
toxicology, 114: 108-111.

Devatkal, S. K., Narsaiah K. and Borah A. 2010 Anti-oxidant
effect of extracts of kinnow rind, pomegranate rind and seed
powders in cooked goat meat patties. Meat Science. 85:155-
159.

Dominguez, R., Pateiro, M., Gagaoua, M., Barba, F. J.,
Zhang, W., and Lorenzo, J. M. 2019. A comprehensive
review on lipid oxidation in meat and meat products.
Antioxidants, 810,  429. https://doi.org/10.3390/antiox
8100429

E.O.S. The Egyptian Organization for Standardization
A.R.E. beef burger. Egyptian Standards. No.1688/1991 2005
Food, U. S. 2001. Bacteriological analytical manual
online. http://www. cfsan. fda. gov/~ ebam/bam-toc. html.
Hama, A. A., Zahir, H. G.,and Mahmood, A. B. 2018. Effect
of Pomegranate Peel extract on some physical, chemical traits
and sensory evaluation of Karadi ram meat during refrigerate
storage. Euphrates Journal of Agriculture Science, 103: 131-
140.

Ibrahim Sh. Y.A., Abd El-kader Sh. A., Gomaa W.M., Arab
W.S., Elsabagh R., 2024. Assessment of the potential impacts
of garlic and/or sage essential oils on quality enhancement of
chilled tilapia fish kofta. Journal of Advanced Veterinary
Research 14, 2: 282-285

1SO "International Organization for Standardization". 13299:
2003, Sensory analysis— Methodology - General guidance for
establishing a sensory profile. https://www.iso.org/
standard/37227.html.

ISO "International Standards Organization" 4832: 2006,
Microbiology of food and animal feeding stuffs. Horizontal
method for the enumeration of coliforms: Colony count
technique. International Standards Organization, Geneva,
Switzerland.

ISO “International Standards Organization” .4833-1: 2013,
Microbiology of food chain-horizontal method for the
enumeration of microorganisms. Part I; colony count at 300C
by the pour plate technique. International Standards
Organization, Geneva, Switzerland.

97

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Jia, N., Kong, B., Liu, Q., Diao, X., and Xia, X. 2012.
Antioxidant activity of black currant Ribes nigrum L. extract
and its inhibitory effect on lipid and protein oxidation of pork
patties during chilled storage. Meat science, 914: 533-539.
Kanatt, S. R., Chander, R., and Sharma, A. 2010.
Antioxidant and antimicrobial activity of pomegranate peel
extract improves the shelf life of chicken products.
International journal of food science & technology, 452: 216-
222.

Kandylis, P., and Kokkinomagoulos, E. 2020. Food
applications and potential health benefits of pomegranate and
its derivatives. Foods 2020, 92, 122 https://doi.org/10.3390/
foods9020122

Ledesma, E., Rendueles, M., and Diaz, M. 2015.
Characterization of natural and synthetic casings and
mechanism of BaP penetration in smoked meat products.
Food Control, 51: 195-205.

Meng, X., Wu, D., Zhang, Z., Wang, H., Wu, P., Xu, Z., and
Dabbour, M. 2022. An overview of factors affecting the
quality of beef meatballs: Processing and preservation. Food
Science & Nutrition, 106: 1961-1974.

Morsy, M. K., Mekawi, E., and Elsabagh, R. 2018. Impact
of pomegranate peel nanoparticles on quality attributes of
meatballs during refrigerated storage. LWT, 89: 489-495.
Muthukumar, M., Naveena, B. M., Vaithiyanathan, S., Sen,
A.R.,and Sureshkumar, K. 2014. Effect of incorporation of
Moringa oleifera leaves extract on quality of ground pork
patties. Journal of food science and technology, 5111: 3172-
3180.

Naveena B. M., Sen A. R., Kingsly R. P., Singh D. B. and
Kondaiah N. 2008 Antioxidant activity of pomegranate rind
powder extract in cooked chicken patties. International
Journal of Food Science and Technology. 43: 1807— 1812.
Olatunde, O. O., Benjakul, S., Huda, N., Zhang, B., and
Deng, S. 2021. Ethanolic Noni Morinda citrifolia L. leaf
extract dechlorophyllised using sedimentation process:
Antioxidant, antibacterial properties, and efficacy in
extending the shelf-life of striped catfish slices. International
Journal of Food Science and Technology, 566: 2804-2819.
https://doi.org/10.1111/ijfs.14917

Oz, F.,and Cakmak, I. H. 2016. The effects of conjugated
linoleic acid usage in meatball production on the formation
of heterocyclic aromatic amines. LWT-Food Science and
Technology, 65: 1031-1037.

Rat,u, R.N.; Veles, cu, L.D.; Stoica, F.; Usturoi, A,
Arsenoaia, V.N.; Crivei, I.C.; Postolache, A.N.; Lips,a, F.D.;
Filipov, F.; Florea, A.M.; et al. Application of Agri-Food By-
Products in the Food Industry. Agriculture 2023, 13, 1559.
https://doi.org/10.3390/ agriculture13081559

Ronie, M. E., Aziz, A. H. A., Kobun, R., Pindi, W., Roslan,
J., Putra, N. R. and Mamat, H. 2024. Unveiling the potential
applications of plant by-products in food—A review. Waste
Management Bulletin. 183-203

Selahvarzi, A., Ramezan, Y., Sanjabi, M. R., Mirsaeedghazi,
H., Azarikia, F., and Abedinia, A. 2021. Investigation of
antimicrobial activity of orange and pomegranate peels
extracts and their use as a natural preservative in a functional
beverage. Journal of Food Measurement and
Characterization, 15: 5683-5694.

Shindia, A., Abdel-Shafi, S., Atef, A., Osman, A,, Sitohy, B.,
& Sitohy, M. 2024. Antibacterial activity of carrot peel HCI-
ethanol extracts and its potential application in meat
preservation. LWT - Food Science and Technology 207,
11663

Skwarek P, Karwowska M 2023 Fruit and vegetable
processing by-products as functional meat product
ingredients -a chance to improve the nutritional value. LWT,
Food science and technology, LWT - Food Science and
Technology 189 2023 115442

Smaoui, S., Hlima, H. B., Mtibaa, A. C., Fourati, M., Sellem,
I., Elhadef, K., and Mellouli, L. 2019. Pomegranate peel as
phenolic compounds source: Advanced analytical strategies
and practical use in meat products. Meat science,
https://doi.org/10.1016/j.meatsci.2019.107914

Steel, R.G., Torrie, J.H., 1980. Principles and Procedures of
Statistics. McGraw Hill, London.


https://doi.org/10.3390/%20molecules26020467
https://doi.org/10.3390/%20molecules26020467
https://doi.org/10.3390/antiox%208100429
https://doi.org/10.3390/antiox%208100429
https://www.iso.org/%20standard/37227.html
https://www.iso.org/%20standard/37227.html
https://doi.org/10.3390/foods9020122
https://doi.org/10.3390/foods9020122
https://doi.org/10.1111/ijfs.14917
https://doi.org/10.3390/%20agriculture13081559
https://doi.org/10.1016/j.meatsci.2019.107914

El-bery et al. (2024)

BVMJ 47 (1) : 94-98

38.

39.

40.

41.

Tehranifar A, Selahvarzi Y, Kharrazi M, Bakhsh VJ. 2011 .
High potential of agro-industrial by- products of pomegranate
Punica granatum L. as the powerful antifungal and
antioxidant substances. Industrial Crops and Products. 1;
343:1523-1527

Tomas-Barberan, Francisco A. Gil, Maria I., Cremin, Paedar,
Waterhouse, Andrew L., Hess-Pierce, Betty, Kader, Adel A.
2001. HPLC— DAD- ESIMS analysis of phenolic
compounds in nectarines, peaches, and plums. Journal of
Agricultural and Food Chemistry, 4910, 4748-4760.
https://doi.org/ 10.1021/jf010468

Turp, G. Y. 2016. Effects of four different cooking methods
on some quality characteristics of low fat Inegol meatball
enriched with flaxseed flour. Meat Science, 121:40-46.
Vuorela, S., Salminen, H., Mékela, M., Kivikari, R,
Karonen, M., and  Heinonen, M. 2005. Effect of plant

98

42.

43.

44.

phenolics on protein and lipid oxidation in cooked pork meat
patties. Journal of Agricultural and Food Chemistry, 5322:
8492-8497.

Zahin, M., Aqil F. and Ahmad |. 2010 Broad spectrum
antimutagenic activity of antioxidant active fraction of punica
granatum L. peel extracts. Mutat. Res. 703:99-107.

Zhang, D., lvane, N. M., Haruna, S. A., Zekrumah, M., Elysé,
F. K. R., Tahir, H. E., and Zou, X.,2022, Recent trends in the
micro-encapsulation of plant-derived compounds and their
specific application in meat as antioxidants and anti-
microbials.https://doi.org/10.1016/j.meatsci.2022.108842
Zhao, X., Shen, Y., Yan, M., and Yuan, Z. 2022. Flavonoid
profiles in peels and arils of pomegranate cultivars Journal of
Food Measurement and Characterization 2022 16:880-890
https://doi.org/10.1007/s11694-021-01216-x


https://doi.org/10.1021/jf010468
https://doi.org/10.1016/j.meatsci.2022.108842
https://doi.org/10.1007/s11694-021-01216-x

