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Abstract

This study investigates the enhancement of quality and shelf stability in meat patties made from spent hen meat 
through the incorporation of natural extracts from pomegranate (Punica granatum) and lemon (Citrus limon). 
In response to growing consumer demand for natural ingredients, the research focuses on spoilage, texture, and 
flavor in meat products. Spent hen meat was selected due to its availability and potential for value addition. Meat 
cubes were treated with varying concentrations of the extracts and stored under refrigeration to facilitate the 
absorption of bioactive compounds. Results indicated that pomegranate and lemon extracts significantly improved 
sensory attributes, including flavor, tenderness, and juiciness, making the patties more appealing. Notably, pome-
granate extracts reduced cooking loss, suggesting better moisture retention, whereas higher concentrations of 
lemon extract were associated with increased cooking loss. Both extracts demonstrated antimicrobial properties, 
potentially extending shelf life and enhancing nutritional profiles. This study underscores the potential of these 
extracts to improve the overall quality and safety of spent hen meat patties, aligning with consumer preferences 
for healthier, natural options. Future research should focus on identifying optimal extract concentrations to maxi-
mize benefits and ensure consumer acceptance. 

Keywords: antioxidants, functional food, lemon extract, meat patties, nutritional profile, pomegranate extract, sensory 
properties, shelf life

Introduction

Predictions suggest that global meat production will 
nearly double by 2050. It is forecasted that from 2020 
to 2049, beef, pork, and chicken meat production will 
increase by 0.7–1.9% annually, while poultry production 
growth is expected to be 1.6% during the same period. 
Poultry production is projected to rise in both developed 
and developing countries (Yin et al., 2024). The produc-
tion of red meat accounts for 71% of greenhouse gas emis-
sions from livestock, including carbon dioxide, methane, 

and nitrous oxide resulting from nitrogen application, 
agricultural soil use, and animal husbandry. Poultry 
contributes less than 10% of these emissions. With the 
world’s growing population and the increasing demand 
for animal-based protein, particularly chicken due to its 
affordability, poultry consumption is expected to rise. 
Consumers are prioritizing their health and that of future 
generations, choosing meat from animals with a lower 
carbon footprint, free from contaminants and pollut-
ants, and raised in a more sustainable manner (Forslund 
et al., 2023; Ivanovich et al., 2023). Therefore, synthetic 
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compounds such as nitrites, nitrates, and different types 
of antioxidants have been used to maintain the quality 
and increase the shelf life of meat products. However, 
food safety authorities and consumers are increasingly 
concerned about the growing use of synthetic additives. 
In addition, studies have shown that some synthetic anti-
oxidants can damage human health. Therefore, research 
on natural antioxidants has become increasingly import-
ant. Meat products are inherently sensitive to spoilage 
and relatively unstable by nature, as they are excellent 
substrates to support the growth of spoilage bacte-
ria and pathogenic microorganisms (Asif et  al., 2024; 
Shiravani et  al., 2024). The maintenance of meat safety 
and quality is a significant challenge in the meat indus-
try. It is important to develop and apply new methods 
to improve their safety and quality. The use of spent hen 
meat in food production is increasingly recognized for 
its potential benefits, especially in terms of sustainability 
and reducing waste in the poultry industry. Spent hens, 
which are older birds that are no longer productive for 
egg production, are a significant byproduct of poultry 
farming. Traditionally considered less suitable for direct 
consumption, these birds offer unique flavor profiles and 
textures that can be effectively enhanced through various 
culinary methods and processing techniques. For exam-
ple, the incorporation of natural extracts can transform 
spent hen meat into value-added products. This not only 
addresses issues of food waste but also aligns with con-
sumer preferences for healthier and more sustainable 
food options. Moreover, using hen meat in new food 
applications could contribute to improved nutritional 
profiles and overall product quality (Bodie et al., 2024; 
Cava et al., 2024).

The global demand for “green meat” (i.e., environmen-
tally and health-friendly meat) is increasing due to 
heightened consumer awareness about health and the 
environmental impact of the meat industry. Consumers 
are also advocating for restrictions on growth-promoting 
factors in animal feeding. However, consumer taste 
preferences remain unchanged, and market forces are 
driving the need to address meat spoilage, disease mit-
igation, and other fresh meat requirements to ensure 
market access and cost-effective production of ‘green 
meat’ (Mohebalizadehgashti et al., 2020). These demands 
can be met through the use of edible packaging and 
controlled-release coatings made from natural materi-
als such as fruits and vegetables. Research will focus on 
utilizing the benefits of selected fruits and vegetables to 
create edible packaging, films, and coatings, as well as 
developing new technologies for preserving meat and 
meat products. The potent interactions between ingested 
fruit and vegetable antioxidants and the biochemical and 
health effects of nitrite, nitrate, iron, secondary lipid oxi-
dation compounds, and chemically formed melanin need 
to be elaborated, as they will reflect not only on cancer 

risks but also on nitrosamine risk and color stability. Due 
to the complexity, the optimal antioxidant and antimi-
crobial activities should not be achieved via one or a few 
digestion-related pathways only. Nevertheless, fruits and 
vegetables can favorably enhance the color formation, 
retention, color uniformity, texture, and flavor of pro-
cessed meats (Brynne et al., 2020; Ford et al., 2024). 

During the last few decades, consumer focus on health 
and wellness has increased the demand for functional 
foods. Scientific evidence suggests that a diet rich in 
fruits and vegetables has preventive benefits, and anti-
oxidants are recognized as compounds that protect cells 
from damage caused by oxidative stress. Consequently, 
consumer demand for natural antioxidants has increased, 
and the use of natural antioxidants to replace synthetic 
ones is rising. Animal products are particularly suscep-
tible to oxidation, beginning when animals are trans-
ported and usually increasing exponentially a few days 
post-mortem. Natural antioxidants can be added to fresh 
meat, meat products, and animal diets to enhance color 
stability and inhibit lipid oxidation. Fruits, vegetables, 
plant extracts, juices, essential oils, herbs, spices, and 
marine algae can serve as natural antioxidant compounds 
(Ford et al., 2024; Li et al., 2024). The pomegranate is a 
tropical fruit used in food and traditional medicine due 
to its medicinal properties. Pomegranate juice is rich 
in antioxidant compounds such as tannins, flavonoids, 
and anthocyanins, and has been shown to have positive 
effects against chronic diseases. Lemons are known for 
their high levels of ascorbic acid (vitamin C) and flavo-
noids like hesperetin and naringenin, which act as antiox-
idants. A recent study compared two methods of lemon 
preparation and their potential benefits for reducing 
meat product oxidation. The bioactivity of pomegranate 
and lemon phenolics suggests their potential use as nat-
ural sources of phenolic compounds in functional meat 
product formulations (Figure 1). These functional ingre-
dients could provide health benefits beyond basic nutri-
tion. However, there is limited understanding of how to 
incorporate such extracts into meat formulations while 
maintaining consumer acceptability, which is an import-
ant aspect of developing this market opportunity (Begić 
et al., 2024; Chauhan et al., 2024).

This study aimed to investigate the utilization of pome-
granate and lemon extracts as safe and effective func-
tional ingredients in meat products. The present research 
examined the physicochemical and sensory properties, as 
well as the oxidative stability, of chicken patties formu-
lated with two types of pomegranate extracts and lemon 
extracts. Selected patties were analyzed for pH, color 
stability, cooking loss, textural properties, free fatty acid 
content, Thiobarbituric acid reactive substances, antimi-
crobial activity, sensorial properties, and residual nitrite 
content. 
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Figure 1.  Skin protection induced by Punica granatum and Citrus limon.

Materials and Methods

Preparation of extracts

Fresh Punica granatum (Pomegranate) and Citrus limon 
(Lemon) leaves were sourced from a local market in 
Cairo, Egypt, and prepared as follows: The leaves were 
chopped and then blended for 1-2 minutes using an 
equal volume of distilled water. The blended pulp was fil-
tered using muslin cloth to separate the solid parts from 
the liquid extract. The filtrates were collected and stored 
for use. These filtrates served as natural sources of anti-
oxidants and antimicrobials during the production of 
chicken meat patties. Their inclusion aimed to enhance 
shelf life, improve safety, and maintain the quality of pro-
cessed meat products by mitigating spoilage and oxida-
tion. This preparation method ensures the extracts retain 
their bioactive compounds, which play a crucial role in 
preserving and enhancing the nutritional and sensory 
properties of the chicken patties. 

Study design

To investigate the effect of Punica granatum 
(Pomegranate) and Citrus limon (Lemon) extracts, in 

different concentrations, and their combination, on the 
chemical composition, degradation indicators, and sen-
sory properties of processed chicken meat patties, three 
independent experiments were conducted at different 
times to ensure reproducibility and consistency. Each 
experiment consisted of 3 samples for each analytical 
point to allow for statistical comparison.

I.	 Treatments:
a.	 Pomegranate Extracts:

i.	 5% concentration.
ii.	 7% concentration.

b.	 Lemon Extracts:
i.	 5% concentration.
ii.	 7% concentration.

c.	 Combined Treatment:
i.	 5% Pomegranate + 5% Lemon extract.

II.	 Parameters Assessed:
a.	 Proximate Chemical Analysis:
	 Evaluate the moisture, protein, fat, and ash content 

to determine the impact of the extracts on the basic 
nutritional components of the chicken patties.

b.	 Degradation Parameters:
	 Analyze lipid oxidation, microbial growth, and 

pH changes to assess shelf-life stability and spoil-
age patterns.
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Storage conditions

All groups were kept in the refrigerator at 4°C for 24 
hours to allow the meat cubes to absorb the bioactive 
compounds from the extracts, enhancing their antioxi-
dant and antimicrobial properties before being processed 
into patties. This pre-treatment with extracts is expected 
to improve the shelf life, sensory qualities, and safety 
of the spent hen meat patties by reducing spoilage and 
maintaining meat quality during storage.

Marination process

In this marination process, spent chicken meat cubes 
were marinated using extracts of Punica granatum 
(pomegranate) and Citrus limon (lemon) in different 
concentrations to assess the effects on flavor, texture, and 
microbial quality. The study included five groups of mari-
nated meat, each with varying extract concentrations. All 
the meat groups, along with a control group (immersed 
in water), were refrigerated at 4°C for 24 hours. The use of 
natural extracts like pomegranate and lemon introduces 
antioxidant and antimicrobial properties, which help 
improve meat preservation while enhancing its flavor. 
Punica granatum is known for its phenolic compounds, 
while Citrus limon contributes citric acid and vitamin C, 
which help prevent microbial growth and lipid oxidation 
during storage. This process could potentially extend the 
shelf life and quality of the chicken meat.

Formulation, processing, and storage of spent hen  
meat patties

In preparing spent hen meat patties, marinated and 
untreated chicken meat (75%) is processed with added 
ingredients to enhance texture and flavor. The detailed 
steps are as follows: The spent chicken meat is minced 
using a grinder. For each group, the marinated or 
untreated minced meat is combined with 18% water, 
1.5% salt, 0.3% polyphosphate (for moisture reten-
tion), 5% starch (to improve texture and binding), and 
0.2% spices (for flavor). The mixture from each group is 
shaped into 80 g patties with a thickness of 1.5 cm using a 
patty mold. These patties are wrapped in plastic film. The 
patties are pre-frozen for 35 minutes at -40°C to rapidly 
solidify and maintain their structure. The frozen patties 
are then transferred to plastic bags and stored at -18°C 
for up to 3 months. Samples are taken at time zero (day 
2 after preparation) and at monthly intervals for up to 3 
months to assess the quality, microbial safety, and other 
parameters. This process ensures that the patties remain 
preserved while undergoing minimal quality degradation 
over time, making them suitable for longer-term frozen 
storage. Periodic sampling helps evaluate texture, flavor, 

III.	Sensory Attributes:
	 Perform sensory evaluations (e.g., taste, texture, odor, 

color) to assess consumer acceptability and how 
the extracts influence sensory qualities like flavor, 
appearance, and overall appeal. This design allows 
for a comprehensive assessment of both the indi-
vidual and combined effects of pomegranate and 
lemon extracts on improving the quality, extending 
shelf-life, and maintaining the sensory properties of 
chicken meat patties. 

Preparation of spent hen meat patties ingredients

The preparation of spent hen meat patties followed a sys-
tematic approach to process the hens and utilize various 
functional ingredients. After acquiring ten white Leghorn 
hens, each weighing 4 kg, the carcasses were stored at 4ºC 
for 24 hours before separating the breast and thigh mus-
cles. This cold storage helps maintain meat quality by min-
imizing microbial growth and preserving texture (Untari 
et al., 2024; Wall et al., 2024). The subsequent preparation 
involved trimming the muscle tissue to remove connec-
tive tissues and fat, ensuring a cleaner product. Cutting 
the muscle into 100 g cubes facilitates consistent mixing 
with the functional ingredients, which include common 
salt, starch, phosphate salt, and a seasoning mix sourced 
from local markets in Cairo. These ingredients are cru-
cial for enhancing flavor, moisture retention, and over-
all texture in the final meat patty product (Untari et al., 
2024; Webster, 2000). Using phosphate salts, for example, 
is known to improve water-binding capacity and reduce 
cooking losses in meat products, which aligns with con-
sumer expectations for juiciness and tenderness (Webster, 
2000). Additionally, the incorporation of starch can con-
tribute to the structural integrity of the patties, provid-
ing a better mouthfeel and preventing crumbling during 
cooking (Lindqvist et al., 2002; Webster, 2000).

Immersion of spent chicken meat cubes in extract 
solutions

The spent chicken meat cubes were divided into six treat-
ment groups, each immersed in different solutions for 24 
hours at 4 °C in the refrigerator:

•	 Group 1: Immersed in 5% Pomegranate (Punica grana-
tum) extract.

•	 Group 2: Immersed in 7% Pomegranate (Punica grana-
tum) extract.

•	 Group 3: Immersed in 5% Lemon (Citrus limon) extract.
•	 Group 4: Immersed in 7% Lemon (Citrus limon) extract.
•	 Group 5: Immersed in a combination of 5% 

Pomegranate + 5% Lemon extracts.
•	 Group 6: Immersed in water only (no extracts).
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life of the patties. pH is measured using a pH meter 
by homogenizing a meat sample in distilled water. A 
decrease in pH could indicate acid production from 
microbial activity, while an increase may suggest protein 
degradation.

Total volatile basic nitrogen (TVBN)

TVBN is a common indicator of spoilage in meat. It 
measures the levels of nitrogenous compounds such as 
ammonia and amines, which are produced by the break-
down of proteins during microbial spoilage. Higher 
TVBN levels correspond to greater spoilage. TVBN is 
determined using the Kjeldahl method or distillation 
procedures.

Thiobarbituric acid (TBA)

TBA is used to measure lipid oxidation, which leads 
to rancidity in meat products. The Thiobarbituric acid 
reactive substances (TBARS) assay is performed to 
detect malondialdehyde, a byproduct of fat oxidation. 
Higher TBA values indicate increased lipid oxidation, 
which can affect the flavor, odor, and overall quality of 
the patties.

These parameters are measured at zero time (initial 
measurement) and then monthly during frozen storage 
to track the patties’ freshness and shelf-life stability. As 
storage progresses, an increase in TVBN and TBA val-
ues, along with shifts in pH, can indicate deterioration, 
signaling spoilage or reduced quality over time.

Sensory analysis

Sensory analysis involves assessing the quality and 
acceptability of food products based on the perceptions 
of trained panel members. In the case of the raw and 
cooked spent hen meat patties, the following protocol 
was used.

Raw patties evaluation

•	 Panel Members: A group of trained individuals from 
the Department of (insert department name) was 
selected to conduct the sensory evaluation.

•	 Attributes Assessed: The panelists evaluated the 
raw patties based on several key sensory attributes, 
including:

•	 Appearance: The visual appeal of the patties.
•	 Color: The color of the raw patties, an important indi-

cator of freshness.

and microbiological stability over the 3-month storage 
period.

Spent hen meat patties investigations measurement of 
the proximate chemical analysis

The proximate chemical analysis of spent hen meat pat-
ties involves determining key nutritional components, 
such as moisture, protein, fat, and ash content. These 
measurements help evaluate the quality and nutritional 
profile of the patties during storage. The following out-
lines how each component is typically measured:

1.	 Moisture content: This is measured to determine 
the water content of the patties. The patties are dried 
in an oven, and the loss in weight corresponds to the 
amount of water present.

2.	 Protein content: Determined using the Kjeldahl 
method (as outlined by the AOAC), this measures 
the nitrogen content in the patties, which is then con-
verted to protein content based on a specific conver-
sion factor.

3.	 Fat content: This is measured using solvent 
extraction methods, such as the Soxhlet method, 
which extracts fat from the patties using an organic 
solvent.

4.	 Ash content: Ash represents the total mineral con-
tent in the patties. This is measured by incinerating 
the patties at high temperatures (around 550°C) until 
all organic matter is burned off, leaving behind the 
ash.

These analyses are conducted following AOAC official 
methods, ensuring standardized and reliable results. The 
data from these measurements can be used to compare 
changes in nutritional quality over the storage period 
and across different treatment groups (treated and 
untreated).

Measurement of the deterioration criteria

The measurement of deterioration criteria in spent hen 
meat patties helps assess changes in quality and safety 
during frozen storage. The following parameters are typ-
ically evaluated.

pH measurement

The pH of meat is an indicator of freshness and quality. 
Changes in pH can affect the flavor, texture, and shelf 
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This method provides a quantitative assessment of the 
moisture and fat loss during cooking, which affects the 
texture and juiciness of the chicken fillets.

Statistical analysis

Statistical analysis for the investigation was performed 
using SPSS software. Data were expressed as mean ± 
standard error (SE). A two-way analysis of variance 
(ANOVA) was conducted to assess the interaction 
between different variables across groups. To identify sig-
nificant differences between groups, the Least Significant 
Difference (LSD) test was applied. Statistical significance 
was considered at a P-value of less than 0.05, meaning 
that differences were deemed statistically significant if 
they fell within this threshold. This approach ensures a 
reliable interpretation of the data and the validity of the 
experimental results.

Results and Discussions

Proximate chemical analysis

Table 1 illustrates the impact of pomegranate (Punica 
granatum) and lemon (Citrus limon) extracts, both indi-
vidually and in combination, on the moisture, protein, 
fat, and ash content of spent hen patties. Higher concen-
trations of lemon extract tend to increase protein content 
while reducing fat and ash content, leading to a health-
ier nutritional profile. The inclusion of these natural 
extracts significantly affects the proximate composition 
of the patties, with lemon extract concentrations show-
ing the most pronounced effects. Notably, moisture con-
tent increases with higher lemon extract concentrations, 
particularly in the 7% lemon and combination groups, 
which helps retain water in the patties. Protein content 
reaches its peak at 19.17% with 7% lemon extract, sug-
gesting that lemon may aid in preserving or enhanc-
ing protein levels during patty processing and storage. 
Fat content decreases as lemon extract concentration 
increases, highlighting its potential role in formulating 
lower-fat meat products. Ash content (indicating mineral 
content) decreases with higher lemon extract concentra-
tions, especially in the combination group, suggesting a 
more refined or less mineral-dense profile. These com-
positional changes, driven by lemon’s antioxidant and 
acidic properties, not only enhance the nutritional profile 
of the patties but may also contribute to better preserva-
tion and improved sensory qualities. The data in Table 1 
underscore the significant effects of adding pomegranate 
(Punica granatum) and lemon (Citrus limon) extracts 
on the nutritional composition of spent hen patties. 
Research indicates that natural plant extracts, especially 
those rich in antioxidants, can influence the proximate 

•	 Aroma: The smell of the patties, which can signal 
freshness or spoilage.

•	 Consistency and Formation: The texture and shape of 
the patties.

•	 Margin: The smoothness and definition of the patties’ 
edges.

•	 Overall Acceptability: General impression of the 
product.

Each attribute was rated using a 9-point numerical 
scale, where higher scores represented more favorable 
characteristics.

Cooked patties evaluation

•	 Cooking Method: Five patties from each group were 
cooked in a hot air oven at 180°C until reaching a core 
temperature of 75°C, ensuring safe internal cooking.

•	 Attributes Assessed: After cooking, the patties were 
evaluated by the same panelists for.

•	 Appearance: Visual appeal after cooking.
•	 Color: The color after cooking, is an important indica-

tor of doneness.
•	 Flavor: The overall taste, including any desirable or 

undesirable flavors.
•	 Juiciness: The perceived moisture content of the 

patties.
•	 Overall Acceptability: A general assessment of the 

patties’ quality and taste.

Both the raw and cooked samples were rated using the 
same 9-point numerical scale to maintain consistency in 
evaluation. This approach helps in determining the effect 
of marination and storage on the sensory qualities of the 
patties, guiding product development and quality control 
decisions.

Measurement of cooking loss

To measure the cooking loss of chicken fillets:

After cooking the fillets in a hot air oven, they are 
removed and allowed to cool to room temperature.

The fillets are then reweighed to calculate the weight dif-
ference between the raw and cooked samples.

The percentage cooking loss is calculated using the fol-
lowing formula:

	

 Cooking Loss (%)

Weight before cooking Weight after cooking 100
Weight before cooking

=

 −
× 

 



Italian Journal of  Food Science, 2025; 37 (3)� 135

Value-added meat patties with pomegranate and lemon extracts

5% and 7% concentrations showed lower initial pH val-
ues (5.73 and 5.48, respectively). This is likely due to the 
acidic nature of pomegranate’s polyphenols, particularly 
ellagic acid. By the third month, pH values remained 
significantly lower in these groups compared to the con-
trol (6.21 for 5% and 6.13 for 7%), suggesting that pome-
granate extract helped slow down the increase in pH and 
may have contributed to better preservation. The patties 
treated with lemon extract also showed lower pH values 
at the beginning of storage (6.01 for 5% and 6.00 for 7%). 
A lemon’s citric acid content may explain its initial effect 
on lowering pH. By the third month, pH values for the 
lemon-treated groups were slightly higher than those for 
the pomegranate groups, but still lower than the control, 
indicating lemon extract’s preservation effect. The patties 
treated with the combination of pomegranate and lemon 
extracts started with a pH of 5.87 and ended at 6.26 by 
the third month. The results show that combining both 
extracts led to a more controlled increase in pH, reflect-
ing their complementary preservation properties, pos-
sibly due to the combined effects of polyphenols from 
pomegranate and citric acid from lemon. 

In summary, pomegranate and lemon extracts—
whether used individually or in combination—were 
effective in controlling the rise in pH, suggesting their 
role in improving the shelf life and quality of frozen 
meat products. These extracts have demonstrated effi-
cacy in managing pH levels during the frozen storage of 
meat products, such as spent hen patties. The ability of 
pomegranate and lemon extracts to lower or slow the 
increase in pH is attributed to their natural acidic com-
ponents—polyphenols like ellagic acid from pomegran-
ate and citric acid from lemon. These compounds help 
inhibit microbial growth and protein degradation, which 
are common causes of pH rise during extended storage 
periods (Farhat et al., 2024; Kaderides et al., 2021). By 
stabilizing pH levels, the extracts contribute to enhanced 
preservation of frozen meat products by slowing spoil-
age processes. This preservation effect not only extends 
shelf life but also improves sensory qualities, such as 

composition of meat products. Lemon extract, which 
is high in ascorbic acid and citric acid, is known to help 
preserve moisture and protein content in meat, while 
also reducing fat content through its lipid-lowering prop-
erties. Studies confirm that the acidity and antioxidant 
properties of lemon can reduce lipid oxidation, lead-
ing to lower fat percentages in processed meats (Begić 
et al., 2024; Zimmermann & Gleichenhagen, 2011). 
Additionally, pomegranate extract, rich in polyphenols 
like ellagitannins, can positively impact protein reten-
tion and enhance the nutritional value of meat products 
by improving oxidative stability. The observed decrease 
in ash content with higher lemon extract concentrations 
may reflect the extract’s role in reducing mineral content, 
potentially due to its action in binding and altering meat 
components during processing (Khalid et al., 2024; Sun 
et al., 2024). 

These findings align with broader research on the use 
of plant-based extracts in meat preservation, which has 
shown that they can enhance not only the nutritional 
value but also the sensory properties of processed meat 
products.

Table 2 illustrates how the application of pomegranate 
and lemon extracts, either individually or in combination, 
impacts the pH values of frozen spent hen patties over 
three months of storage. As pH typically increases with 
protein degradation and microbial growth, the addition 
of these extracts helps mitigate this rise, contributing to 
better preservation. The pH values presented in Table 2 
highlight the impact of pomegranate and lemon extracts 
on the acidity of spent hen patties during frozen storage. 
Over the 3 months, pH values increased slightly across all 
treatments, which is typical due to the gradual breakdown 
of proteins and the release of ammonia during storage. 
The control patties (without extracts) exhibited the high-
est initial pH (6.13) and experienced the largest increase, 
reaching 6.39 by the third month. This rise in pH could 
indicate the onset of spoilage-related chemical changes, 
such as protein breakdown and microbial activity. Both 

Table 1.  Representing the proximate chemical analysis of spent hen patties treated with various concentrations of pomegranate and lemon 
extracts, as well as a mixture of both.

Moisture (g%) Protein (g%) Fat (g%) Ash (g%)

Control 69.54c ± 0.06 15.53d ± 0.26 12.62a ± 0.19 2.28ab ± 0.05

Pomegranate 5% 69.77bc ± 0.18 17.73c ± 0.21 10.04b ± 0.02 2.44a ± 0.01

Pomegranate 7% 69.60bc ± 0.14 18.27b ± 0.09 9.64bc ± 0.31 2.46a ± 0.03

Lemon 5% 70.06ab ± 0.16 18.53ab ± 0.22 9.45cd ± 0.26 1.95bc ± 0.15

Lemon 7% 70.41a ± 0.13 19.17a ± 0.26 9.00d ± 0.01 1.42c ± 0.12

Pomegranate 5% & Lemon 5% 70.30a ± 0.12 18.74ab ± 0.24 9.07cd ± 0.08 1.63c ± 0.17

a–dMeans with different superscripts within the same column are significantly different (P < 0.05 or P < 0.01). Values represent the mean ± SE.
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Table 2.  pH values of spent hen patties treated with Pomegranate (5 and 7%), Lemon (5 and 7%), and a mixture of Pomegranate (5%) and 
Lemon (5%) during frozen (–18 °C) storage for 3 months.

Treatments Storage period (months)

0-time 1st month 2nd month 3rd month

Control 6.13a ± 0.03 6.24a ± 0.01 6.34a ± 0.01 6.39a ± 0.01

Pomegranate 5% 5.73d ± 0.06 5.91d ± 0.04 6.14d ± 0.01 6.21d ± 0.01

Pomegranate 7% 5.48e ± 0.01 5.73e ± 0.05 5.88e ± 0.02 6.13e ± 0.00

Lemon 5% 6.01b ± 0.04 6.08bc ± 0.00 6.19c ± 0.00 6.22cd ± 0.01

Lemon 7% 6.00b ± 0.02 6.06c ± 0.02 6.18c ± 0.00 6.24bc ± 0.02

Pomegranate 5% & Lemon 5% 5.87c ± 0.03 6.08bc ± 0.01 6.22b ± 0.01 6.26b ± 0.01

a–eDifferent superscripts within the same column represent significant differences at P < 0.05 or P < 0.01. Values represent the mean ± SE.

taste and appearance, while maintaining the safety of 
the product (Li et al., 2024). The natural acids, particu-
larly polyphenols and citric acid, help reduce pH rise by 
inhibiting microbial activity and protein degradation that 
leads to spoilage in frozen storage (Untari et al., 2024). 
Furthermore, lower pH levels act as a barrier to bacterial 
growth, ensuring that the product retains its integrity, 
flavor, and nutritional profile over time (Ford et al., 2024). 
Thus, the application of natural extracts like pomegran-
ate and lemon aligns with the growing consumer demand 
for cleaner, chemical-free preservation methods, offering 
both practical and health benefits in the food industry.

Table 3 highlights the changes in total volatile base 
nitrogen (TVB-N) values of spent hen patties treated 
with pomegranate and lemon extracts over a 3-month 
frozen storage period. TVB-N is an indicator of pro-
tein degradation and spoilage, as it measures the levels 
of nitrogenous compounds, such as ammonia, released 
during decomposition. The control patties showed a 
significant increase in TVB-N over time, rising from 
2.62  mg% at 0-time to 12.08 mg% by the third month. 
This large increase reflects the typical spoilage process in 
untreated meat products. Patties treated with 5% and 7%  

pomegranate extract had initially higher TVB-N values 
(2.94 mg% and 3.25 mg%, respectively), but by the 
third month, these values increased to 14.08 mg% and 
14.33  mg%, indicating spoilage but at a slightly higher 
rate compared to the control. Lemon-treated patties 
also showed an increase in TVB-N, from initial values of 
3.89  mg% and 3.95 mg% to 14.18 mg% and 14.60 mg%, 
respectively. The lemon extract seemed to contribute 
more to controlling spoilage than pomegranate at lower 
concentrations but converged toward similar levels at 
higher concentrations. The patties treated with a com-
bination of 5% pomegranate and 5% lemon started with 
3.40 mg% TVB-N, increasing to 14.18 mg% by the third 
month. The combination of extracts did not show a sub-
stantial difference in controlling spoilage compared to 
using the extracts individually.

In summary, while both pomegranate and lemon 
extracts, either alone or in combination, contributed to 
delaying spoilage to some extent, the results indicate that 
these natural extracts were not highly effective in signifi-
cantly reducing TVB-N values compared to the control 
group during extended frozen storage. Nevertheless, 
their use offers some benefits in slowing down the initial 

Table 3.  Total volatile base nitrogen (mg%) values of spent hen patties treated with Pomegranate (5% and 7%), Lemon (5% and 7%), and a 
mixture of Pomegranate (5%) and Lemon (5%) during frozen (-18 °C) storage for 3 months.

Treatments Storage period (months)

0-time 1st month 2nd month 3rd month

Control 2.62d ± 0.14 3.86d ± 0.19 6.51b ± 0.20 12.08b ± 0.33

Pomegranate 5% 2.94cd ± 0.04 3.77cd ± 0.60 7.32ab ± 0.30 14.08a ± 0.96

Pomegranate 7% 3.25bc ± 0.16 4.63bc ± 0.31 7.58a ± 0.26 14.33a ± 0.88

Lemon 5% 3.89a ± 0.05 5.40ab ± 0.16 7.83a ± 0.43 14.18a ± 0.09

Lemon 7% 3.95a ± 0.03 5.81a ± 0.04 7.84a ± 0.12 14.60a ± 0.28

Pomegranate 5% & Lemon 5% 3.40b ± 0.21 5.16ab ± 0.01 7.51a ± 0.22 14.18a ± 0.60

a–d Means with different superscripts within the same column significantly (P < 0.05 or P < 0.01) different Values represent the mean ± SE.
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attributed to polyphenolic compounds like ellagic acid. 
For the 5% lemon extract, TBA values began at 0.15 mg/
kg and increased to 0.45 mg/kg over three months. The 
7% lemon extract showed a similar trend, starting at 0.13 
mg/kg and rising to 0.42 mg/kg. Although lemon extracts 
provided some antioxidant activity, they were less effec-
tive than pomegranate extracts in limiting lipid oxidation. 
The initial TBA value for this combination was the lowest 
at 0.07 mg/kg, which increased to 0.29 mg/kg by the third 
month. This suggests that the combination of extracts 
may have a synergistic effect on reducing lipid oxida-
tion compared to the individual extracts. Pomegranate 
and lemon extracts effectively lowered Thiobarbituric 
acid (TBA) values, indicating their ability to enhance 
the oxidative stability and overall quality of frozen meat 
products. The superior antioxidant properties of pome-
granate extract, attributed to its high content of polyphe-
nols, played a significant role in mitigating lipid oxidation 
more effectively than lemon extract (Forslund et al., 
2023). Pomegranate extracts are known for their potent 
antioxidant capacity, primarily due to compounds such 
as ellagic acid, which can inhibit lipid peroxidation and 
improve meat quality during storage. Lemon extracts 
also exhibit antioxidant activity due to their citric acid 
content; however, they may not be as effective as pome-
granate extracts in reducing lipid oxidation. Research 
shows that while lemon extracts can help preserve meat 
quality, their effects are generally less pronounced than 
those of pomegranate (Webster, 2000). Using a combi-
nation of pomegranate and lemon extracts could offer a 
complementary approach to preserving meat products, 
potentially enhancing their shelf life and sensory qualities 
through synergistic antioxidant effects (Forslund et al., 
2023; Khalid et al., 2024). In conclusion, both pomegran-
ate and lemon extracts were effective in lowering TBA 
values, indicating their potential to enhance the oxidative 
stability and quality of frozen meat products. The pome-
granate extract demonstrated superior antioxidant prop-
erties, helping to mitigate lipid oxidation more effectively 
than lemon extract.

rate of spoilage, likely due to their antioxidant and anti-
microbial properties (Brynne et al., 2020; Forslund 
et al., 2023; Lindqvist et al., 2002). The findings regard-
ing pomegranate and lemon extracts in delaying spoil-
age in spent hen patties align with existing research on 
the preservation effects of natural antioxidants. While 
these extracts demonstrated some effectiveness in slow-
ing spoilage, they did not significantly reduce total vol-
atile base nitrogen (TVB-N) values compared to the 
control group during extended frozen storage. Research 
has shown that pomegranate and lemon extracts possess 
antioxidant and antimicrobial properties, which can con-
tribute to improving the shelf life of meat products. For 
example, pomegranate extracts, rich in polyphenols like 
ellagic acid, have been found to inhibit microbial growth 
and lipid oxidation, which are key factors in meat spoil-
age (Brynne et al., 2020; Forslund et al., 2023; Lindqvist 
et  al., 2002). Similarly, lemon extract’s citric acid con-
tent is known to lower pH levels, which can help control 
microbial proliferation. While the use of these natural 
extracts offers benefits in terms of preserving meat qual-
ity and sensory attributes, they may not entirely prevent 
spoilage. Continued research is necessary to optimize 
concentrations and combinations of these extracts for 
better preservation efficacy (Begić et al., 2024).

Table 4 presents the Thiobarbituric acid (TBA) values of 
spent hen patties treated with pomegranate and lemon 
extracts during frozen storage at ‒18 °C for three months. 
The control patties exhibited a significant increase in 
TBA values, starting at 0.26 mg/kg at 0-time and rising 
to 0.88 mg/kg by the third month. This increase sug-
gests lipid oxidation, which is a common spoilage indi-
cator in frozen meat products. The 5% concentration of 
pomegranate extract started at 0.10 mg/kg and reached 
0.36 mg/kg by the end of the storage period. The 7% con-
centration showed even lower values, starting at 0.08 
mg/kg and increasing to 0.33 mg/kg. These results indi-
cate that pomegranate extracts effectively reduced lipid 
oxidation, likely due to their high antioxidant capacity 

Table 4.  Thiobarbituric acid (mg/kg) values of spent hen patties treated with Pomegranate (5% and 7%), Lemon (5% and 7%), and a mixture 
of Pomegranate (5%) and Lemon (5%) during frozen (–18 °C) storage for 3 months.

Treatments Storage period (months)

0-time 1st month 2nd month 3rd month

Control 0.26a ± 0.02 0.38a ± 0.04 0.75a ± 0.01 0.88a ± 0.01

Pomegranate 5% 0.10bcd ± 0.01 0.14c ± 0.01 0.27c ± 0.01 0.36c ± 0.01

Pomegranate 7% 0.08cd ± 0.02 0.13c ± 0.01 0.22d ± 0.00 0.33cd ± 0.01

Lemon 5% 0.15b ± 0.01 0.26b ± 0.01 0.34b ± 0.01 0.45b ± 0.02

Lemon 7% 0.13bc ± 0.01 0.23b ± 0.01 0.30bc ± 0.02 0.42b ± 0.02

Pomegranate 5% & Lemon 5% 0.07d ± 0.00 0.13c ± 0.01 0.19d ± 0.02 0.29d ± 0.01

a–dMeans with different superscripts within the same column significantly (P < 0.05 or P < 0.01) different Values represent the mean ± SE.



138� Italian Journal of  Food Science, 2025; 37 (3)

Algarni EH

synergistic effects, further improving the sensory pro-
file. Research suggests that mixtures of natural extracts 
often outperform individual components in preserving 
color and flavor during storage (Allam, 2023). These find-
ings can serve as valuable guidelines for food scientists 
and manufacturers looking to utilize natural preserva-
tives effectively. By enhancing the sensory properties and 
extending the shelf life of poultry products, such prac-
tices align with consumer demand for cleaner, more nat-
ural food options. The sensory analysis data presented in 
Table 6 illustrates the effects of different treatments on 
the sensory qualities of cooked spent hen patties during 
frozen storage at -18 °C over a period of three months 
(Table 6). Pomegranate extracts (5% and 7%) and the 
mixture of Pomegranate (5%) and Lemon (5%) consis-
tently received the highest scores throughout the storage 
period, indicating excellent appearance retention. The 
Control group showed a significant decline in appear-
ance from 6.33 to 3.67 over three months. Similar trends 
were observed in color, where Pomegranate (5%) and 
Pomegranate (7%) maintained higher scores (8.67 and 
8.33, respectively), whereas the Control group dropped 
from 6.00 to 3.33. 

Flavor ratings were also highest for the Pomegranate 
and Lemon treatments, with the Control group sig-
nificantly lower, showing a decline from 4.67 to 2.33. 
Tenderness scores were maintained well in treatments 
with Pomegranate and Lemon. The Control group had 
the lowest scores, decreasing from 4.67 to 2.33. Juiciness 
was notably higher in the treated groups, especially with 
Pomegranate (7%), which started at 9.00 and remained 
at 8.00 after three months, contrasting with the Control 
group’s decline from 4.33 to 2.67. The overall acceptabil-
ity ratings favored the treatments, with Pomegranate 
(5%) & Lemon (5%) achieving the highest mean scores 
(9.00 at 0-time and 8.00 at 3 months). The Control group 
displayed a significant drop from 4.67 to 3.00. The incor-
poration of pomegranate and lemon extracts into cooked 
spent hen patties has been shown to significantly enhance 
their sensory attributes during frozen storage. These 
extracts not only improve the appearance, color, flavor, 
tenderness, and juiciness of the patties but also contrib-
ute to their overall acceptability. This suggests that they 
could serve as effective natural preservatives, potentially 
extending product shelf life while meeting consumer 
preferences for natural ingredients (Abdallah et al., 2019; 
Al Jumayi et al., 2022; Allam, 2023). Research supports 
the use of pomegranate extracts in meat products to 
improve quality and safety. Also, studies have indicated 
that pomegranate extract can enhance oxidative sta-
bility and flavor profiles in meat, as noted by Abdallah 
et  al. (2019). Additionally, the antioxidant properties of 
these extracts are beneficial in preserving the quality of 
perishable foods, making them appealing choices for 
food manufacturers looking to innovate with clean-label 

The purpose of the study was to assess the sensory char-
acteristics (such as appearance, color, odor, consistency, 
firmness, and edge quality) of raw spent hen patties that 
were treated with different concentrations of pome-
granate and lemon extracts and then stored at -18°C 
for three months (see Table 5). The patties treated with 
pomegranate consistently received the highest scores, 
indicating better visual appeal compared to the con-
trol, which showed a significant decline over the storage 
period. The lemon-treated samples had moderate scores, 
slightly better than the control but less than the pome-
granate-treated ones. The color scores for the control 
group notably decreased over time, while the pomegran-
ate treatments maintained higher scores throughout the 
study. The mixtures of extracts showed improved color 
retention compared to the patties treated with lemon 
extract alone. The pomegranate-treated samples con-
sistently had strong, pleasant odors at all-time points, 
while the control samples showed a marked decrease in 
odor quality. The lemon-treated samples also had favor-
able odors but not as pronounced as those treated with 
pomegranate. Both pomegranate and lemon treatments 
demonstrated better consistency, scoring higher than 
the control. The 7% concentration of pomegranate was 
particularly effective. The pomegranate-treated samples 
received higher scores, indicating a superior ability to 
maintain structural integrity compared to the control. 
The control patties showed the lowest scores in this cat-
egory, indicating poorer quality. Both pomegranate and 
lemon treatments fared better, with mixtures showing 
the highest scores (Bariya et al., 2020; Ford et al., 2024). 

The results indicate that incorporating pomegranate 
and lemon extracts into raw spent hen patties signifi-
cantly improves sensory qualities during frozen stor-
age. Pomegranate extract, in particular, was effective in 
preserving appearance, color, and odor, contributing to 
overall product quality. This analysis can guide food sci-
entists and manufacturers in utilizing natural preserva-
tives to enhance the sensory properties and shelf life of 
poultry products. Incorporating pomegranate and lemon 
extracts into raw spent hen patties shows significant 
promise in enhancing sensory qualities during frozen 
storage (Asif et al., 2024). Pomegranate has been noted 
for its antioxidant properties, which can improve the sta-
bility of meat products during storage. Research indicates 
that its inclusion can enhance sensory attributes such as 
color, flavor, and aroma, contributing to overall product 
quality (Zimmermann & Gleichenhagen, 2011). Lemon 
extract is also recognized for its preservative quali-
ties, particularly its ability to inhibit microbial growth 
and maintain freshness. Studies have shown that citrus 
extracts can positively affect the sensory characteristics 
of meat products, providing enhanced flavor and aroma 
(Al Jumayi et al., 2022; Allam et al., 2024). The combi-
nation of pomegranate and lemon extracts can yield 
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Table 5.  Sensory analysis of raw spent hen patties treated with pomegranate (5% and 7%), lemon (5% and 7%), and a mixture 
of pomegranate (5%) and lemon (5%) during frozen (–18 °c) storage for 3 months.

Treatments Storage period (months)

0-time 1st month 2nd month 3rd month

Appearance

Control 6.67b ± 0.33 5.33c ± 0.67 4.67c ± 0.33 4.00c ± 0.00
Pomegranate 5% 8.67a ± 0.33 8.00a ± 0.00 7.67a ± 0.33 7.33a ± 0.33
Pomegranate 7% 8.33a ± 0.33 8.00a ± 0.00 7.67a ± 0.33 7.33a ± 0.33
Lemon 5% 7.33b ± 0.33 7.00ab ± 0.00 6.33b ± 0.33 6.00b ± 0.58
Lemon 7% 7.00b ± 0.00 6.67b ± 0.33 6.00b ± 0.00 5.67b ± 0.33
Pomegranate 5% & Lemon 5% 8.67a ± 0.33 8.33a ± 0.33 7.67a ± 0.33 7.33a ± 0.33

Color
Control 5.67c ± 0.33 4.33c ± 0.33 3.67c ± 0.33 2.67d ± 0.33
Pomegranate 5% 8.33a ± 0.33 7.67ab ± 0.33 7.33ab ± 0.33 7.00ab ± 0.58
Pomegranate 7% 8.00ab ± 0.00 7.67ab ± 0.33 7.67a ± 0.33 7.33a ± 0.33
Lemon 5% 7.33b ± 0.33 7.00b ± 0.00 6.33b ± 0.33 5.67c ± 0.33
Lemon 7% 7.33b ± 0.33 7.00b ± 0.00 6.33b ± 0.33 6.00bc ± 0.00
Pomegranate 5% & Lemon 5% 8.67a ± 0.33 8.33a ± 0.33 8.33a ± 0.33 8.00a ± 0.00

Odor
Control 4.33b ± 0.33 3.67b ± 0.33 3.00b ± 0.58 2.67b ± 0.33
Pomegranate 5% 8.33a ± 0.33 8.00a ± 0.00 7.67a ± 0.33 7.33a ± 0.33
Pomegranate 7% 8.67a ± 0.33 8.33a ± 0.33 8.00a ± 0.58 7.67a ± 0.33
Lemon 5% 8.33a ± 0.33 8.00a ± 0.00 7.33a ± 0.33 7.00a ± 0.58
Lemon 7% 8.33a ± 0.33 8.33a ± 0.33 8.00a ± 0.00 7.67a ± 0.33
Pomegranate 5% & Lemon 5% 9.00a ± 0.00 8.33a ± 0.33 8.33a ± 0.33 8.00a ± 0.58

Consistency
Control 4.33c ± 0.33 3.33c ± 0.33 3.00d ± 0.00 2.33c ± 0.33
Pomegranate 5% 8.33ab ± 0.33 8.00a ± 0.20 7.67ab ± 0.33 7.33ab ± 0.33
Pomegranate 7% 8.67a ± 0.33 8.33a ± 0.33 8.33a ± 0.33 8.00a ± 0.58
Lemon 5% 8.00ab ± 0.33 7.33b ± 0.33 7.00bc ± 0.00 6.67b ± 0.33
Lemon 7% 7.67b ± 0.33 7.00b ± 0.00 6.67c ± 0.33 6.33b ± 0.33
Pomegranate 5% & Lemon 5% 8.67a ± 0.33 8.33a ± 0.33 8.33a ± 0.33 8.00a ± 0.58

Forming
Control 7.67bc ± 0.33 7.00ab ± 0.00 6.33c ± 0.33 6.00b ± 0.58
Pomegranate 5% 8.33ab ± 0.33 8.00a ± 0.58 7.67ab ± 0.33 7.33a ± 0.33
Pomegranate 7% 8.33ab ± 0.33 7.67ab ± 0.33 7.67ab ± 0.33 7.33a ± 0.33
Lemon 5% 7.33c ± 0.33 7.00ab ± 0.58 6.67bc ± 0.33 6.67ab ± 0.33
Lemon 7% 7.00c ± 0.00 6.67b ± 0.33 6.00c ± 0.58 6.00b ± 0.00
Pomegranate 5% & Lemon 5% 8.67a ± 0.33 8.00a ± 0.00 8.00a ± 0.00 7.67a ± 0.33

Fringe
Control 7.00c ± 0.00 6.67b ± 0.33 5.67b ± 0.33 5.33b ± 0.33
Pomegranate 5% 8.00b ± 0.00 7.67a ± 0.33 7.67a ± 0.33 7.33a ± 0.33
Pomegranate 7% 8.00b ± 0.00 7.67a ± 0.33 7.33a ± 0.33 7.33a ± 0.33
Lemon 5% 6.67c ± 0.33 6.33b ± 0.33 6.33b ± 0.33 6.00b ± 0.58
Lemon 7% 6.67c ± 0.33 6.00b ± 0.00 6.00b ± 0.00 5.67b ± 0.33
Pomegranate 5% & Lemon 5% 9.00a ± 0.00 8.33a ± 0.33 8.00a ± 0.00 7.33a ± 0.33

Overall-acceptability
Control 5.00c ± 0.58 4.00d ± 0.58 3.67d ± 0.67 3.33d ± 0.33
Pomegranate 5% 8.33ab ± 0.33 7.67ab ± 0.33 7.33ab ± 0.33 7.00ab ± 0.00
Pomegranate 7% 8.00ab ± 0.58 8.00ab ± 0.58 7.67ab ± 0.33 7.33a ± 0.33
Lemon 5% 7.67ab ± 0.33 7.00bc ± 0.00 6.67bc ± 0.33 6.33b ± 0.33

Lemon 7% 7.00b ± 0.58 6.00c ± 0.00 5.67c ± 0.33 5.33c ± 0.33

a–d Means with different superscripts within the same column significantly (P < 0.05) different Values represent the mean ± SE.
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Table 6.  Sensory analysis of cooked spent hen patties treated with Pomegranate (5 and 7%), Lemon (5 and 7%), and a mixture of 
Pomegranate (5%) and Lemon (5%) during frozen (–18 °C) storage for 3 months.

Treatments Storage period (months)

0-time 1st month 2nd month 3rd month

Appearance

Control 6.33c ± 0.33 5.00c ± 0.58 4.33c ± 0.33 3.67c ± 0.33

Pomegranate 5% 9.00a ± 0.00 8.33a ± 0.33 8.00a ± 0.58 7.67a ± 0.33

Pomegranate 7% 8.67a ± 0.33 8.33a ± 0.33 8.00a ± 0.58 7.67a ± 0.33

Lemon 5% 7.67b ± 0.33 7.33ab ± 0.33 6.67ab ± 0.33 6.33b ± 0.33

Lemon 7% 7.33b ± 0.33 7.00b ± 0.00 6.33b ± 0.33 6.00b ± 0.00

Pomegranate 5% & Lemon 5% 9.00a ± 0.00 8.33a ± 0.33 8.00a ± 0.58 7.67a ± 0.33

Color

Control 6.00c ± 0.00 4.67b ± 0.33 4.00c ± 0.00 3.33c ± 0.33

Pomegranate 5% 8.67a ± 0.33 8.00a ± 0.00 7.67a ± 0.33 7.33a ± 0.33

Pomegranate 7% 8.33ab ± 0.33 8.00a ± 0.00 8.00a ± 0.00 7.67a ± 0.33

Lemon 5% 7.67b ± 0.33 7.33a ± 0.33 6.67b ± 0.33 6.00b ± 0.00

Lemon 7% 7.67b ± 0.33 7.33a ± 0.33 6.67b ± 0.33 6.00b ± 0.00

Pomegranate 5% & Lemon 5% 8.33ab ± 0.33 8.00a ± 0.00 8.00a ± 0.00 7.67a ± 0.33

Flavor

Control 4.67b ± 0.33 3.33b ± 0.33 2.67b ± 0.33 2.33b ± 0.33

Pomegranate 5% 8.67a ± 0.33 8.33a ± 0.33 8.00a ± 0.00 7.67a ± 0.33

Pomegranate 7% 8.67a ± 0.33 8.67a ± 0.33 8.33a ± 0.33 8.00a ± 0.58

Lemon 5% 8.67a ± 0.33 8.33a ± 0.33 7.67a ± 0.33 7.33a ± 0.33

Lemon 7% 8.67a ± 0.33 8.67a ± 0.33 8.33a ± 0.33 8.00a ± 0.58

Pomegranate 5% & Lemon 5% 8.67a ± 0.33 8.67a ± 0.33 8.33a ± 0.33 8.33a ± 0.33

Tenderness

Control 4.67c ± 0.33 3.67c ± 0.33 3.33d ± 0.33 2.33d ± 0.33

Pomegranate 5% 8.67ab ± 0.33 8.33ab ± 0.33 8.00ab ± 0.00 7.67ab ± 0.33

Pomegranate 7% 9.00a ± 0.00 8.67a ± 0.33 8.67a ± 0.33 8.33a ± 0.33

Lemon 5% 8.33ab ± 0.33 7.67ab ± 0.33 7.33bc ± 0.33 7.00bc ± 0.00

Lemon 7% 8.00b ± 0.00 7.33b ± 0.33 7.00c ± 0.00 6.67c ± 0.33

Pomegranate 5% & Lemon 5% 9.00a ± 0.00 8.67a ± 0.33 8.67a ± 0.33 8.33a ± 0.33

Juiciness

Control 4.33c ± 0.33 3.33e ± 0.33 3.00d ± 0.00 2.67d ± 0.33

Pomegranate 5% 8.33a ± 0.33 8.00bc ± 0.00 7.67ab ± 0.33 7.33ab ± 0.33

Pomegranate 7% 9.00a ± 0.33 8.67ab ± 0.33 8.00a ± 0.58 8.00a ± 0.58

Lemon 5% 7.67b ± 0.33 7.33cd ± 0.33 6.67bc ± 0.33 6.33bc ± 0.33

Lemon 7% 7.33b ± 0.33 6.67d ± 0.33 6.33c ± 0.33 6.00c ± 0.00

Pomegranate 5% & Lemon 5% 9.00a ± 0.33 9.00a ± 0.00 8.67a ± 0.33 8.33a ± 0.33

Overall-acceptability

Control 4.67c ± 0.33 3.67d ± 0.33 3.33d ± 0.33 3.00d ± 0.00

Pomegranate 5% 8.67a ± 0.33 8.00ab ± 0.00 7.67ab ± 0.33 7.33ab ± 0.33

Pomegranate 7% 8.67a ± 0.33 8.33ab ± 0.33 8.00ab ± 0.00 7.67ab ± 0.33

Lemon 5% 8.33ab ± 0.33 7.67b ± 0.33 7.33b ± 0.33 7.00b ± 0.00

Lemon 7% 7.67b ± 0.33 6.67c ± 0.33 6.00c ± 0.00 5.67c ± 0.33

Pomegranate 5% & Lemon 5% 9.00a ± 0.00 8.67a ± 0.33 8.33a ± 0.33 8.00a ± 0.00

a–eMeans with different superscripts within the same row for each parameter are significantly (P < 0.05) different. Values represent the mean of  3 
independent replicates± SE.
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pomegranate extract is noted for its antioxidant proper-
ties and ability to enhance the shelf life and sensory quali-
ties of meat products by reducing cooking losses (Amaral 
et al., 2019). Conversely, lemon extract, rich in citric acid, 
has been associated with increased moisture loss due to 
its acidic nature, which can affect texture and juiciness 
(Amaral et al., 2019). These findings suggest that while 
pomegranate extract can help reduce cooking losses, 
lemon extract might contribute to higher moisture loss, 
potentially affecting the overall quality and acceptability 
of the patties during storage. Ultimately, selecting the 
right combination of natural preservatives is crucial for 
enhancing the quality and shelf stability of meat prod-
ucts while catering to consumer preferences for natural 
ingredients. Research has demonstrated that various nat-
ural extracts can offer significant benefits in this regard 
(Beatriz Nunes et al., 2023; Brynne et al., 2020; Chunzhi 
et al., 2018). Pomegranate extract has been recognized 
for its potent antioxidant properties, which can reduce 
oxidation and cooking losses in meat, thereby improving 
sensory attributes and extending shelf life (Chunzhi et al., 
2018). On the other hand, while lemon extract can pro-
vide antimicrobial effects and improve flavor, it may also 
lead to increased moisture loss due to its acidic nature, 
potentially affecting the texture and juiciness of the 
product (El Sheikha et al., 2022). Therefore, a balanced 
approach in choosing natural preservatives, considering 
both their benefits and limitations, is essential for opti-
mizing meat product quality. This strategic selection not 
only enhances the product’s acceptability but also aligns 
with consumer trends toward healthier and more natural 
food options.

Conclusions

This study investigates the potential of enhancing 
the quality and shelf stability of meat patties made 
from spent hen meat through the incorporation of 

products. Using natural preservatives like pomegranate 
and lemon extracts not only enhances the product’s sen-
sory qualities but also aligns with consumer preferences 
for clean-label ingredients. The antioxidant properties 
of these extracts help preserve food quality, potentially 
extending shelf life while maintaining taste and freshness 
(Amalraj et al., 2022). The incorporation of pomegranate 
and lemon extracts effectively enhances the sensory attri-
butes of cooked spent hen patties during frozen storage, 
demonstrating potential as natural preservatives. These 
findings suggest that food scientists and manufacturers 
can utilize such extracts to improve product quality and 
shelf life, appealing to consumer preferences for natural 
ingredients (Amalraj et al., 2022). Table (7) highlights the 
importance of selecting appropriate natural preserva-
tives to optimize product quality and minimize cooking 
loss. The control group exhibited the lowest cooking loss 
percentages throughout the storage period, while patties 
treated with lemon extract (both 5% and 7%) showed the 
highest cooking loss, indicating greater moisture loss. 
The treatment with 5% and 7% pomegranate extracts 
resulted in moderate cooking loss, which was signifi-
cantly lower than that observed with lemon extracts. The 
mixture of 5% pomegranate and 5% lemon extracts dis-
played a cooking loss percentage that was significantly 
higher than the control but lower than that of the lem-
on-only treatments. Means with different superscripts 
within the same column (a-e) are significantly different 
(P < 0.05). Values represent mean ± SE. These findings 
suggest that while pomegranate extract can help reduce 
cooking losses, lemon extract might contribute to higher 
moisture loss, potentially affecting the overall quality and 
acceptability of the patties during storage. 

The data highlights the importance of selecting appropri-
ate natural preservatives to optimize product quality and 
minimize cooking loss (Amalraj et al., 2022). Research has 
shown that natural extracts like pomegranate and lemon 
can have varying effects on meat products. For instance, 

Table 7.  Cooking loss percentage of spent hen patties treated with Pomegranate (5 and 7%), Lemon (5 and 7%), and a mixture of 
Pomegranate (5%) and Lemon (5%) during frozen (–18 °C) storage for 3 months.

Treatments Storage period (months)

0-time 1st month 2nd month 3rd month

Control 13.85c ± 0.67 17.25d ± 0.21 20.11e ± 0.35 27.96d ± 0.41

Pomegranate 5% 14.18bc ± 0.67 19.47c ± 0.30 23.75d ± 0.57 31.53c ± 0.37

Pomegranate 7% 15.51bc ± 0.34 22.47b ± 0.91 25.08cd ± 0.30 33.86b ± 0.52

Lemon 5% 20.67a ± 0.72 26.14a ± 0.49 27.08b ± 0.30 36.26a ± 0.31

Lemon 7% 22.34a ± 1.05 27.35a ± 0.60 28.68a ± 0.49 37.04a ± 0.27

Pomegranate 5% & Lemon 5% 16.18b ± 0.26 23.14b ± 0.69 25.75bc ± 0.53 34.53b ± 0.27

a–eMeans with different superscripts within the same column significantly (P < 0.05) different Values represent the mean ± SE.
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Assessing the Impact of Pomegranate Peel Extract Active 

natural extracts from pomegranate (Punica granatum) 
and lemon (Citrus limon). Given the growing consumer 
preference for natural ingredients, this research aims 
to address issues related to spoilage, texture, and fla-
vor in meat products. Spent hen meat was selected due 
to its availability and potential for value addition. The 
meat cubes were treated with varying concentrations 
of pomegranate and lemon extracts and stored under 
refrigeration to allow for the absorption of bioactive 
compounds. The effects of these extracts on the sensory 
attributes, cooking loss, and overall acceptability of the 
patties were evaluated. The addition of pomegranate 
and lemon extracts significantly improved the sensory 
qualities of the patties, including flavor, tenderness, and 
juiciness. The organoleptic properties were enhanced, 
making the product more appealing to consumers. 
Results indicated a reduction in cooking loss for pat-
ties treated with pomegranate extracts, suggesting that 
these extracts help retain moisture during cooking. 
Conversely, higher concentrations of lemon extract were 
associated with increased cooking loss, which may affect 
the overall quality and acceptability of the product. The 
natural antioxidants present in both extracts exhib-
ited antimicrobial properties that potentially extend 
the shelf life of the patties. This is particularly relevant 
in the context of food safety and quality preservation. 
Incorporating these extracts not only enhances flavor 
and texture but also boosts the nutritional profile of the 
meat patties, adding functional benefits associated with 
antioxidants. 
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