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Abstract. This study investigated the effects of dietary supplementation with pomegranate peel at various levels
(0, 50, 100, and 150 mgkg™!) in high-energy diets on the performance, egg quality, serum lipid profile, liver
enzyme activity, and liver fat ratio of laying hens. A total of 120 Lohmann LSL laying hens, aged 70 weeks,
were used in the study. The hens were divided into five experimental groups, each comprising six subgroups.
The control group was fed a basal diet, while the treatment groups received high-energy (HE) diets supplemented
with 0, 50, 100, or 150 mgkg~! pomegranate peel.

During the 9-week trial, feed and water were provided ad libitum. Results indicated that supplementation with
150mgkg~! pomegranate peel in the HE diet significantly improved egg production and the feed conversion
ratio (FCR; p < 0.05). Additionally, pomegranate peel supplementation had a positive effect on shell-breaking
strength and yolk color. Triglyceride (TG) and very-low-density lipoprotein (VLDL) cholesterol concentrations
were significantly reduced in the pomegranate peel supplemented groups compared to the HE +0mgkg™' P
group.

Dietary supplementation with 100 and 150 mgkg~! pomegranate peel significantly (P < 0.01) reduced the
liver fat ratio compared with the group fed the high-energy diet alone. Plasma malondialdehyde (MDA) and
non-esterified fatty acid (NEFA) levels increased at 50 and 100 mgkg~! dietary pomegranate peel.

In conclusion, it was found that the addition of pomegranate peel to a high-energy diet improved some perfor-

mance and egg quality criteria and reduced the liver fat ratio. However, more detailed studies are required.

1 Introduction

Fatty liver syndrome (FLS) is a significant metabolic disor-
der in poultry, characterized by excessive fat deposition in
the liver. This condition arises from various factors, includ-
ing genetics, dietary composition, environmental influences,
and management practices. High-energy diets, with a large
proportion of energy derived from carbohydrates and insuffi-
cient protein or lecithin, are known to contribute to the de-
velopment of FLS (Liu et al., 2016). It adversely impacts
poultry production by reducing growth rates, lowering feed
efficiency, and increasing mortality, resulting in considerable
economic losses. To address these challenges, incorporating
lipotropic agents into poultry diets is a promising strategy to

reduce liver fat accumulation and improve overall productiv-
ity.

Pomegranates (Punica granatum L.) have attracted sub-
stantial scientific interest due to their high antioxidant capac-
ity and abundance of bioactive compounds, including puni-
cic acid, ellagitannins, and ellagic acid (Al-Salhie et al.,
2017). Among its various parts, pomegranate peel is particu-
larly rich in phenolics, flavonoids, tannins, and organic acids,
which exhibit hepatoprotective, anti-inflammatory, and anti-
diabetic properties (Boussaa et al., 2020; Li et al., 2006;
Melgarejo-Sanchez et al., 2021). These compounds play
a critical role in mitigating oxidative stress and enhanc-
ing liver health, making pomegranate peel a potential func-
tional feed ingredient (Boliikbagi et al., 2023). Furthermore,
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pomegranate peel has been traditionally employed in manag-
ing metabolic disorders and improving overall health across
diverse animal models.

Ellagic acid, a prominent polyphenol in pomegranate flow-
ers, has been extensively studied for its hepatoprotective ef-
fects (Long et al., 2019). Its mechanisms of action include
the reduction of oxidative stress and the regulation of lipid
metabolism, positioning it as a potential therapeutic agent
for alleviating FLS in poultry (Pagare et al., 2015). However,
while the health benefits of pomegranate fruits and seeds are
well documented, the specific applications of pomegranate
peel in poultry nutrition remain underexplored, necessitating
further investigation.

This study aims to evaluate the effects of dietary supple-
mentation with pomegranate (Punica granatum L.) peel on
key parameters in laying hens, including performance met-
rics, egg quality, liver health, serum lipid profiles, antioxidant
enzyme activities, and liver fat content. By elucidating the
functional roles of pomegranate peel, this research seeks to
provide evidence-based dietary strategies to enhance poultry
health and productivity while addressing the economic losses
associated with FLS.

2 Methods

2.1 Establishment of trial groups and trial plan

Before initiating the study, ethical approval was ob-
tained from the Atatiirk University Veterinary Faculty
(no. 2018/01). The study was conducted using 120 Lohmann
LSL hybrid laying hens aged 70 weeks. The hens were ran-
domly allocated into five experimental groups, each consist-
ing of 24 birds with six replicates per group (four birds per
replicate).

The experimental design included a control group receiv-
ing a basal diet (2650 kcalkg™!; Table 1) and a high-energy
(HE) group fed a diet containing 2850 kcalkg™!. The re-
maining three groups were fed HE diets supplemented with
graded levels of pomegranate peel (mgkg™'), as specified in
Table 1. The feeding trial was carried out over a period of
9 weeks. Feed and water were provided ad libitum through-
out the experimental period. During the trial, 16 h of light
and 8 h of darkness were applied. The house temperature was
adjusted between 18 and 20 °C, and the ventilation condi-
tions were optimized. The antioxidant capacity (DPPH %) of
pomegranate peel used in the experiment was determined as
89 %.

2.2 Performance and egg quality criteria

Daily feed intake (subgroup average) and egg weights were
recorded biweekly. Feed efficiency was calculated by divid-
ing the amount of feed consumed by the total egg production
(kg). Egg yields were recorded daily and expressed as a per-
centage divided by the number of animals in the subgroup. A
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Table 1. Ingredients (%) and chemical analyses of the basal diet.

Ingredients Basal High-energy
diet diet
Corn 62.2 63.5
Soybean meal 44-46 17.36 13.15
Corn gluten 60 8.48 10.64
Limestone 9.68 7.65
DCP 18 1.44 1.44
Soy oil - 2.7
Vitamin-mineral premix™* 0.25 0.25
Common salt 0.22 0.33
Sodium bicarbonate 0.16 0.16
L-lysine HCL 0.11 0.10
DL-methionine 0.10 0.08
Analyzed chemical composition (%)
Dry matter 88.41 88.54
Crude protein 17.52 17.20
Crude fat 2.20 4.84
Crude ash 11.87 10.35
Crude fiber 2.78 2.57
DL-methionine 0.38 0.38
Methionine 0.40 0.41
Lysine 0.76 0.70
ME kcal kg ! 2650 2850

* The premix provided per kilogram of diet: 12 000 IU vitamin A, 2500 IU
cholecalciferol (vitamin D3), 30 IU a-tocopheryl acetate (vitamin E), 4 mg
menadione sodium (vitamin K3), 3 mg thiamine mononitrate (vitamin B1), 6 mg
(riboflavin) vitamin B2, 30 mg niacin (vitamin B3), 10 mg calcium D-pantothenate
(vitamin B5), 5 mg pyridoxine (vitamin B6), 0.015 mg cyanocobalamin

(vitamin B12), 1 mg folic acid; 0.050 mg D-biotin (vitamin H), 50 mg ascorbic acid
(vitamin C), 300 mg choline chloride, 80 mg manganese oxide, 60 mg iron, 60 mg
zinc, 5 mg copper, 0.5 mg cobalt, 2 mg iodine, and 0.15 mg selenium.

Table 2. Phenolic compound amount of pomegranate peel used in
the experiment.

Phenolic Quantification of
compound polyphenols (mg kg™ D)
Ellagic acid 34
Punicalin 8
Gallic acid 12
Punicalagin A 274
Punicalagin B 497

total of 12 eggs were taken every 2 weeks from the treatment
groups, and egg white, yolk, shell ratio, shell thickness, and
Haugh unit were determined.

2.3 Blood parameter analysis

At the end of the experiment, blood samples were col-
lected from one animal per subgroup (n = 6) via venipunc-
ture and placed into heparinized tubes. The samples were
then centrifuged at 3000 rpm for 10 min, and the serum
was stored at —80 °C until analysis. Superoxide dismutase
(SOD) activity (Sun et al., 1988), glutathione (GSH) level
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(Tietze, 1969), malondialdehyde (MDA) level (Yoshioka et
al., 1979), glutathione peroxidase (GPx) activity (Matkovics
et al., 1988), catalase (CAT) activity (Goth, 1991), total
protein (TP) levels (Lowry et al., 1951), and non-esterified
fatty acid (NEFA) levels in plasma (Biont Chicken NEFA
ELISA Kit, cat. no. YLAO179CH) were measured using
a BioTek ELISA reader (BioTek Quant MQX200 ELISA
reader, USA). TP levels were used to calculate SOD and GPx
activity. Plasma cholesterol, glucose, low-density lipoprotein
(LDL), high-density lipoprotein (HDL), very-low-density
lipoprotein (VLDL), aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and triglyceride (TG) values
were analyzed in a specialized laboratory.

2.4 Liver weights and determination of total lipid in liver
tissue

At the end of the experiment, six randomly selected ani-
mals from each group were slaughtered, and their liver wet
weights were recorded. The livers were then dried at 105 °C
for 24h, and the dry weights were determined. The ratio
of wet to dry liver weight was calculated. To quantify the
total lipid content in the liver, the Bligh and Dyer (1959)
method was employed. Approximately 1 g of homogenized
liver tissue was mixed with a solvent mixture of chloro-
form, methanol, and water (2:1:0.9 v/v/v), and the con-
tents were thoroughly mixed. After phase separation, the
chloroform phase, containing the lipids, was collected and
washed twice with water to remove residual methanol and
polar compounds. The solvent was then evaporated using a
rotary evaporator, and the lipid extract was dried under nitro-
gen. Finally, the dried lipid extract was weighed to determine
the total lipid content, which was expressed as a percentage
of the liver’s original weight. This method reliably quantifies
the lipid content in liver tissue, providing insights into the
effects of dietary treatments.

2.5 Determination of antioxidant capacity and phenolic
compounds in pomegranate peel

The antioxidant capacity of the pomegranate peel used in
the experiment was determined by the DPPH (2,2 diphenyl-
1-picryhydrazyl) method according to the method described
by Brand-Williams et al. (1995), and the phenolic compound
content was determined quantitatively by high-performance
liquid chromatography (HPLC) according to Avila-Reyes et
al. (2018).

Statistical analyzes

A Kolmogorov—Smirnov normality test was used to deter-
mine whether the data were suitable for normal distribution,
and Levene’s statistics were used to test the homogeneity of
variances. After obtaining the data in accordance with the
normal distribution and homogeneous variances, an analysis
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of variance (one-way ANOVA) was applied, and the differ-
ences between the means were determined by a Duncan mul-
tiple comparison test. The significance was tested at a 0.05
level, and the SPSS 23.0 package program was used in all
analyses (SPSS 23; IBM Corp., 2015).

3 Results

3.1 Performance

The results showed that the addition of pomegranate peel to
the high-energy diet of laying hens did not lead to significant
differences in feed intake (Table 3). However, egg weight
was significantly decreased in the group fed the high-energy
diet without pomegranate peel. The highest (P < 0.05) egg
production (88.71 %) and the best feed conversion efficiency
(P < 0.05) were observed in the HE 4+ 150 mgkg~! group
(Table 3).

3.2 Egg quality criteria

The effect of pomegranate peel on some egg quality crite-
ria is shown in Table 4. No significant difference was found
between the groups for albumin ratio, yolk ratio, shell ra-
tio, shell thickness, and Haugh unit (Table 4). The addition
of pomegranate peel to the diets of laying hens improved
shell-breakage strength and yolk color. The difference be-
tween the groups in terms of egg shape index was signifi-
cant (P < 0.01), and the lowest value was recorded in the
HE +0mgkg~! P group.

3.3 Blood serum constituents

When serum biochemical parameters were examined, no sta-
tistically significant differences were observed among the
groups in terms of ALP, AST, ALT, LDL, HDL, and total
cholesterol levels. However, triglyceride and VLDL levels
were found to be lower in the groups supplemented with
pomegranate peel compared to the HE 4+ 0 group. In addi-
tion, a tendency toward reduced glucose levels was observed
in the HE + 50 and 100 mgkg ™! groups (Table 5).

Table 6 shows the effects of pomegranate supplementa-
tion on serum antioxidant enzymes (MDA, GSH, SOD, CAT,
GPx) and NEFA. The highest MDA and lowest GSH levels
were observed in the group supplemented with 100 mg kg™!
pomegranate peel (P < 0.01). The lowest SOD, CAT, and
GPx levels and the highest NEFA levels were again observed
in the HE 4+ 100 mgkg~! P group (Table 6).

3.4 Weight and fat ratio of liver

It was found that wet and dry liver weights were significantly
higher in the HE + 0 mgkg~! and HE 4+ 100 mgkg~! groups
than in the other groups. It was observed that liver fat content
was higher in the groups fed the high-energy diet, but the
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Table 3. Effects of different levels of dietary pomegranate peel on the performance of laying hens.

Groups Feed consumption (g) Egg weight (g) Egg production (%) Feed conversion ratio (g: g)
Control 126.52 62.932 83.83%:b 2.40P

HE +0mgkg~! P 122.95 60.69° 78.90° 2,612

HE+50mgkg™' P 129.55 64.50% 87.482b 2.300

HE +100mgkg™!' P 120.80 63.60% 74.33¢ 2.682

HE + 150mgkg™' P 128.10 64.192 88.712 2.25¢

SE 1.41 0.33 1.42 0.05

P 0.315 0.001 0.008 0.025

CI 123-128 62.52-63.87 80.46-86.18 2.33-2.53

a.b.¢ Means in columns with different superscripts differ significantly at P < 0.05. HE: high-energy diet, SE: standard error, CI: confidence interval for mean,

N = 6 replicate cages totaling 24 hens per treatment.

Table 4. Influence of dietary pomegranate peel on egg quality.

Groups Albumen Yolk Shell Haugh Shell-breaking Shell thickness ~ Egg shape Yolk color
ratio (%) ratio (%) ratio (%) units strength (kg cm3) (um) index score

Control 59.75 29.72 10.52 83.15 0.766P 0.436 75.16* 9.50P

HE +0mgkg~! P 57.92 31.37 10.70 81.58 0.223¢ 0.370 69.83" 9.50P

HE+50mgkg™' P 59.12 30.82 10.05 80.41 2.280% 0.469 73.16% 11.50?

HE +100mgkg~! P 57.89 31.22 10.88 82.81 2.000? 0.421 75.50? 10.66*

HE 4+ 150mgkg™!' P 59.89 29.14 10.96 80.73 1.968% 0.397 73.75% 12.00?

SE 0.61 0.53 0.18 0.824 0.20 0.013 0.583 0.297

P 0.764 0.645 0.589 0.806 0.000 0.215 0.008 0.009

CI 57.66-60.16  29.35-31.55 10.23-11.01  80.05-83.42 1.03-1.86 0.390-0.447 72.28-74.67 10.02-11.24

a.b.¢ Means in columns with different superscripts differ significantly at P < 0.05. HE: high-energy diet, SE: standard error, CI: confidence interval for mean, N = 6 replicate cages totaling 24 hens per

treatment.

addition of 100 and 150 mgkg~! pomegranate peel to the
diet reduced the fat content (Table 7).

4 Discussion

4.1 Productive performance

Pomegranates have been identified as a potential source of
valuable nutrients and antioxidants for livestock nutrition
(Emami et al., 2015). In the present study, the inclusion of
pomegranates in the diet significantly influenced several per-
formance parameters, such as egg production, egg weight,
and feed conversion ratio (FCR). While the weight of the
eggs was found to be quite low in the group fed a high-
energy diet without added pomegranate peel, it was deter-
mined that the weight of the eggs increased in the group
fed a high-energy diet with added pomegranate peel com-
pared to the former group. This increase in egg production
is likely due to the bioactive compounds in pomegranates,
such as polyphenols and antioxidants, which are known to
enhance metabolic activity, reduce oxidative stress, and im-
prove immune function, ultimately supporting better repro-
ductive performance. These findings are consistent with the
results of Saki et al. (2014), who observed a 5 % increase
in egg production in laying hens when pomegranates were
included in their diet. Similarly, Hosseini-Vashan and Ghaz-
navi (2018) and Kostogrys et al. (2017) reported improve-

Arch. Anim. Breed., 68, 629-639, 2025

ments in both FCR and egg production when pomegranates
were supplemented in laying hen diets, further supporting
the positive impact of pomegranates on laying performance.
Additionally, Abbas et al. (2017) found improvements in
both egg production and feed intake in Japanese quails fed
pomegranate peel powder, suggesting that these benefits are
not limited to laying hens but may extend to other poultry
species. The antimicrobial properties of pomegranates (How-
ell and D’Souza, 2013) could also contribute to improved
health and performance by reducing pathogen-related stress,
leading to better nutrient absorption and overall reproductive
efficiency.

Furthermore, recent varietal screening of pomegranate
peel extracts has demonstrated that the high contents of polar
phenols, flavonoids, and condensed tannins (including puni-
calagin, flavonoid fractions, and chlorogenic acid) contribute
significantly to the antimicrobial and antibiofilm activities of
the peel against key poultry pathogens such as Staphylococ-
cus aureus and Listeria monocytogenes, with biofilm inhibi-
tion exceeding 70 % in certain varieties (Salim et al., 2023).
These findings underscore the fact that pomegranate peel
contains a complex phytochemical profile that not only of-
fers antioxidant benefits but may also enhance poultry health
by mitigating pathogenic bacteria colonization and biofilm
formation in the gastrointestinal tract.
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Table 5. Effects of dietary supplementation with different levels of pomegranate peel on serum biochemical parameters of laying hens.
Groups ALP AST ALT Trigliserit ~ Glucose Total cholesterol LDL HDL VLDL

wL~hH @wLH WL  mgdt™!) (@mgdL™!) (mgdL~h) (mgdL~1) (mgdL~1)  (mgdL~1)

Control 25333 24466  2.00 257.664 260674 114.66 85.33 37.66 38.33¢
HE+0mgkg~! P 25933 265.66 533 1567.00°  248.00° 193.33 158.00 42.66 313.332
HE+50mgkg~! P 41533 13266  3.33 793.33¢ 199.00° 109.66 85.00 29.33 232.33P
HE+100mgkg™' P 219.99  170.33  3.66 110533 202.33¢ 97.00 143.00 24.00 221.330
HE+150mgkg~' P 386.60  264.66  3.33 570.33%9  300.002 91.00 63.00 33.00 114330
SE 51.43 0.20 0.52 130.51 12.62 18.15 14.40 3.53 29.32

p 0.737 0.098 0.430 0.000 0.025 0.424 0.143 0.560 0.003

CI 196-416  172-258 2.40-4.65 578-1138  214-269  82.2-160 75.97-137.76 25744091  121-246

a.b.c.d Means in columns with different superscripts differ significantly at P < 0.05. HE: high-energy diet, SE: standard error, CI: confidence interval for mean, N = 6 replicate cages totaling 12 hens per

treatment.

Table 6. Effects of dietary supplementation pomegranate peel on blood serum biochemical parameters of laying hens.

Groups MDA GSH SOD CAT GPx NEFA
(mmolL~1)  (mmolL~1) (UL-D ®UL™H) @wLhH  @mgLhH

Control 7.79¢ 2.338 57.16% 149.878b 1440 0.224¢
HE+0mgkg~! P 7.56° 2412 59.122 154.543b  1.50b 0.216°
HE+50mgkg='P  16.13° 1.78¢ 51.68° 121.57¢ 1.42¢ 0.317°
HE+100mgkg~ ' P 31.672 1.364 46.20° 106364 1.104 0.8042
HE + 150mgkg~! P 7.91¢ 2.14b 57.892 160.962 1.532 0.208°¢
SEM 2.48 0.10 1.42 5.58 0.041 0.006

P 0.000 0.000 0.001 0.000 0.000 0.000

CI 8.87-19.55 1.78-2.25  51.40-57.50 125-149  1.31-1.49 0.22-0.48

a.b.c.d Means in columns with different superscripts differ significantly at P < 0.05. HE: high-energy diet, SE: standard error, CI: confidence
interval for mean, N = 6 replicate cages totaling six hens per treatment, MDA: malondialdehyde, GSH: glutathione, SOD: superoxide

dismutase, CAT: catalase, GPx: glutathione peroxidase.

Interestingly, despite the positive effects of pomegranate
supplementation on egg production, there was no significant
impact on feed intake in our study. This is consistent with the
findings of Rajani et al. (2011) and Saki et al. (2014), both of
whom reported no significant changes in feed consumption
when hens were fed pomegranate-enriched diets.

However, the current study also revealed some negative
effects of pomegranate supplementation on egg quality char-
acteristics in the high-energy diet group. Specifically, egg
weight decreased in the high-energy group, which contrasts
with the findings of Saki et al. (2014), who observed a pos-
itive effect of pomegranate supplementation on egg weight
in laying hens. Moreover, Saki et al. (2019) found that egg
weight increased by 8 % in laying hens fed pomegranate by-
products (PBPs), compared to the other treatment groups.
This discrepancy between our findings and those of previous
studies may suggest that the impact of pomegranate supple-
mentation on egg weight is influenced by various factors, in-
cluding the specific dietary context, the form of pomegranate
used, and the energy content of the diet. Further research is
needed to explore these factors and their potential interac-
tions more comprehensively.

Similar to pomegranates, other fruit by-products rich in
polyphenols have been investigated for their potential an-
tioxidant and performance-enhancing effects in poultry nu-
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trition. For instance, the by-products of fruit processing, such
as grape pomace and grape seeds, have been reported in var-
ious studies to exert antioxidant effects in broiler chickens
due to their polyphenol and flavonoid content. In the studies
conducted by Goiii et al. (2007) and Brenes et al. (2008), di-
etary inclusion of increasing levels of grape pomace was as-
sociated with reduced lipid oxidation in broiler meat and en-
hanced total antioxidant capacity. However, Surai (2014) has
highlighted certain methodological limitations in these stud-
ies, pointing out, for instance, that vitamin E in the form of
tocopheryl acetate does not possess direct antioxidant activ-
ity and that polyphenols were not detected in tissue samples.
These issues raise questions regarding the interpretation of
the observed effects. Furthermore, the low bioavailability of
polyphenols and the lack of detailed understanding of their
mechanisms of action suggest that conclusions about their
physiological efficacy should be approached with caution.

4.2 Egg quality criteria

Eggshell quality is a critical factor in poultry production,
influencing both the marketability and storage stability of
eggs. The strength, color, and thickness of eggshells are af-
fected by a range of factors, including breed, age, health
status, and nutrition (Ahmadi and Rahimi, 2011). Among
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Table 7. Effects of treatment on hepatic variables of laying hens.

Groups Liver wet weight (g)  Liver dry weight (g)  Liver fat (%)
Control 20.320 6.05¢ 23.65°

HE +0mgkg~! P 39.132 14.122 50.062
HE+50mgkg~! P 24.85b 9.35b.c 51.572
HE+100mgkg™' P 38.562 126280 26.41P
HE+150mgkg~' P 24.72° 7.48¢ 18.71P

SE 2.52 1.017 4.29

P 0.005 0.010 0.004

CI 23.44-34.71 7.43-11.97 24.66-43.10

a.b.¢ Means in columns with different superscripts differ significantly at P < 0.05. HE: high-energy diet, SE:
standard error, CI: confidence interval for mean N = 6 replicate cages totaling six hens per treatment.

these factors, eggshell thickness and specific gravity have
been widely recognized as important indicators of eggshell
strength, which is a key determinant of the egg’s ability
to withstand handling, storage, and transport (Wells, 1967).
Furthermore, poor eggshell strength leads to significant eco-
nomic losses, as eggs with weakened shells are more prone
to breakage, resulting in higher rates of wastage during trans-
portation and retail (Caner and Yiiceer, 2015). In the current
study, it was shown that the addition of pomegranate peel
to the diet increased the eggshell-breaking strength in lay-
ing hens. This result suggests that pomegranate supplemen-
tation may improve the mechanical properties of eggshells,
potentially enhancing their durability and reducing breakage
rates. However, it should be considered that this effect may
not be equally effective in all situations, and the supplemen-
tation may vary depending on different species and dietary
combinations. Additionally, while the observed benefits are
promising, further research is needed to investigate the po-
tential side effects of long-term and high-dose supplementa-
tion, particularly in understanding its impact on overall poul-
try health and performance.

The observed increase in eggshell strength could be at-
tributed to the rich antioxidant content of pomegranates, par-
ticularly polyphenols and flavonoids, which are known to
support calcium metabolism in laying hens. Enhanced cal-
cium utilization leads to stronger, more resilient eggshells.
Furthermore, pomegranates may help to bolster immune
function and reduce inflammation, contributing to overall
better health and, subsequently, improved eggshell quality.

The addition of pomegranates to the diet had no significant
effect on albumen ratio, yolk ratio, shell ratio, Haugh unit,
or shell thickness in this study. Similarly, numerous studies
have shown that dietary supplementation with pomegranate
by-products does not affect specific gravity or eggshell thick-
ness, which serve as indirect markers of eggshell-breaking
strength in laying hens and quails (Ghahtan et al., 2019;
Sharma et al., 2020). Some researchers, such as Saki et
al. (2014) and Cetingiil et al. (2019), also reported that the
supplementation of pomegranate molasses did not positively
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impact egg quality parameters like eggshell thickness, Haugh
unit, eggshell weight, or eggshell-breaking strength.

Egg yolk color is an important factor influencing consumer
preferences. In European countries, consumers tend to prefer
eggs with darker yolk colors (Hernandez et al., 2005). In our
study, pomegranate peel positively affected egg yolk color,
likely due to the presence of pomegranate pigments. The pri-
mary pigments responsible for the color of pomegranates are
anthocyanins (Ben-Simhon et al., 2015). Anthocyanins are
bioactive compounds widely found in higher plants. In addi-
tion to giving color to plants, they possess strong antioxidant
properties (Noda et al., 2002; Moga et al., 2021) and exhibit
bacteriostatic activity (Naz et al., 2007). Anthocyanins are
also regarded as safe and effective food colorants (Manach
et al., 2004). However, since anthocyanins are water solu-
ble, carotenoids (which are lipophilic molecules) tend to de-
posit more efficiently in egg yolks than anthocyanins. Conse-
quently, numerous studies have observed an increase in yolk
color when pomegranate is added to the diet of laying hens
(Ishikawa et al., 1999; Kostogrys et al., 2017).

Eggs come in various shapes, which can be differentiated
using a shape index (SI). The most common shapes are sharp,
normal (standard), and round eggs, with SI values of < 72,
72-76, and > 76, respectively (Sarica and Ersayin, 2004).
The shape index values (%) were significantly affected by
all treatments, ranging from 69.83 % to 75.50 %. The group
fed with a high-energy diet had a shape index of 69.83. Eid
et al. (2021) reported that feeding hens with 2% and 4 %
pomegranate peel powder diets did not significantly affect the
shape index. Normal chicken eggs typically have an ellipti-
cal shape. Unusually shaped eggs, such as long and narrow,
round, or flat-sided eggs, are not classified as Grade-AA or
Grade-A eggs (USDA, 2000). Round and unusually shaped
eggs have a poor appearance, do not fit properly in preformed
packaging, and are more prone to rupture during shipping
compared to normal-shaped eggs (Jacob et al., 2000).

https://doi.org/10.5194/aab-68-629-2025



S. C. Béliikbasi and H. Uriisan: Pomegranate peel supplementation improves performance in laying hens 635

4.3 Blood serum constituents

Pomegranates are rich in bioactive components, includ-
ing ellagic acid, ellagitannins (such as punicalagins), puni-
cic acid, flavonoids, anthocyanidins, anthocyanins, estro-
genic flavonols, and flavones (Gil et al., 2000). These com-
pounds are known for their antioxidant, anti-inflammatory,
and potential therapeutic effects, particularly in the con-
text of metabolic health. Previous studies have shown that
pomegranates can reduce cholesterol absorption and increase
cholesterol excretion in hyperlipidemic type 2 diabetes pa-
tients, leading to significant beneficial effects on cholesterol
metabolism enzymes (Yilmaz and Usta, 2010).

The present study also revealed that serum triglyceride
(TG) and very-low-density lipoprotein (VLDL) concentra-
tions were higher in the high-energy (HE) groups compared
to other treatment groups. This finding is consistent with
the well-documented observation that diabetic patients often
have issues with cholesterol packaging and tend to exhibit
elevated serum TG levels.

In previous animal studies, such as those conducted by
Bagri et al. (2009), the oral administration of pomegranate
flower aqueous extract significantly reduced fibrinogen, total
cholesterol (TC), triglycerides (TGs), low-density lipopro-
tein cholesterol (LDL-C), and tissue lipid peroxidation, while
simultaneously increasing high-density lipoprotein choles-
terol (HDL-C) and glutathione content in streptozotocin-
induced diabetic rats. These results suggest that pomegranate
supplementation may have potential benefits for managing
dyslipidemia and oxidative stress in diabetic conditions. Fur-
thermore, in vivo and in vitro studies have consistently
shown that pomegranate juice, peel, and fruit extracts pos-
sess antioxidant and anti-inflammatory activities, positively
impacting glycemia, insulin levels, dyslipidemia, blood pres-
sure, and foam cell formation (Jurenka, 2008; Rana et al.,
2010).

In our study, serum triglyceride and VLDL levels were
lower in the groups supplemented with pomegranate peel
than in the group fed only a high-energy diet. This sug-
gests that pomegranate supplementation may contribute to
improving lipid metabolism and reducing lipid accumulation
in the bloodstream. Saki et al. (2019) also observed a de-
crease in plasma cholesterol and an increase in plasma HDL
levels when pomegranate by-products (PBPs) were included
in the diet of laying hens. Similarly, Eid et al. (2021) re-
ported that adding 2 % and 4 % pomegranate peel powder to
the laying hen diet resulted in a reduction in serum triglyc-
eride and LDL concentrations. These findings support the
idea that pomegranate supplementation may have beneficial
effects on lipid profiles in poultry, which could be attributed
to the high content of flavonoids and tannins in pomegranate
by-products.

The hypolipidemic effects of pomegranate peel observed
in this study are likely mediated through multiple comple-
mentary mechanisms. Bioactive compounds, including puni-
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calagins and ellagic acid, may inhibit pancreatic lipase ac-
tivity, leading to a reduction in intestinal fat absorption and,
consequently, lower circulating triglyceride levels. Addition-
ally, the antioxidant components of pomegranate may re-
duce the oxidative modification of LDL particles, which is
a critical step in the development of atherosclerosis. Avi-
ram et al. (2000) demonstrated that pomegranate juice de-
creased the susceptibility of LDL to oxidation by enhancing
serum paraoxonase activity and reducing lipid peroxidation,
which ultimately lowered foam cell formation and the size
of atherosclerotic lesions in experimental models. Together,
these mechanisms may help to explain the improved lipid
profile observed in the present study.

The lipid-lowering effects of pomegranates are likely due
to the combined action of their antioxidant properties and
their high fiber content. Pomegranates’ fiber binds with bile
salts in the intestinal tract, reducing intestinal transit time
and increasing the excretion of sterols, which in turn af-
fect cholesterol metabolism. As a result, this process may
lead to lower serum cholesterol levels through increased
bile secretion and the reduction of cholesterol absorption
(Jiménez-Moreno et al., 2009; Mateos et al., 2012). There-
fore, the positive effects of pomegranate supplementation on
lipid metabolism observed in this study could be attributed to
its complex bioactive composition, which promotes healthier
lipid profiles and overall metabolic health.

In the current study, the addition of 150mgkg™
pomegranate peel to the diet resulted in a significant in-
crease in antioxidant enzymes (GPx and CAT). The ex-
cessive release of free radicals during stress conditions re-
duces the activity of antioxidant enzymes such as GPx, SOD,
and CAT, which play crucial roles in detoxifying free rad-
icals and maintaining cellular health. These findings align
with those of Eid et al. (2021), who reported that the inclu-
sion of pomegranate peels in the diets of laying hens sig-
nificantly improved GPx, SOD, and CAT activities. Simi-
larly, Saha and Ghosh (2009) found that punicic acid, a key
component of pomegranate, increased the activity of cata-
lase, glutathione, and SOD in rats. The observed effects of
pomegranate flower, peel, and extracts on plasma oxidation
indices may be attributed to the role of phenolic compounds
in inhibiting oxidative processes, as previously highlighted
by Surai et al. (2019). In recent years, evidence has emerged
that oxidative stress plays a crucial role in the development
and perpetuation of inflammation (Lauridsen, 2019). For in-
stance, in pigs, dietary supplementation with grape seed and
grape marc meal extracts or hop extract (10 gkg™! diet) has
been shown to reduce the expression of several proinflamma-
tory genes in different intestinal segments (duodenum, ileum,
colon), while also decreasing the abundance of some poten-
tially pathogenic bacteria (Fiesel et al., 2014). These findings
suggest that polyphenols exert not only anti-inflammatory
but also antimicrobial effects, which together may contribute
to improved intestinal health.

1

Arch. Anim. Breed., 68, 629-639, 2025



636 S. C. Bélilkbasi and H. Uriisan: Pomegranate peel supplementation improves performance in laying hens

However, the current study also observed that the MDA
(malondialdehyde) value was significantly higher (P < 0.01)
in the 50 and 100mgkg~! pomegranate groups. This in-
crease in plasma MDA levels may be indicative of enhanced
oxidative stress, a point that deserves closer consideration.
Numerous studies to date have proven the antioxidant ef-
fects of pomegranate peel and pomegranate seed oil, and
their positive effects on MDA levels are well documented.
However, some studies on the subject have also reported in-
creased MDA levels. For instance, Boliikbagi et al. (2023)
found that adding 1 or 1.5 mLkg™! of pomegranate seed oil
to laying hen diets increased MDA levels. Similarly, Saki et
al. (2014) found that adding 5 % pomegranate seed meal to
laying hen diets had no effect on total antioxidant capacity in
the serum but did increase MDA levels. The researchers sug-
gested that the high PUFA content of pomegranate seed oil
may increase plasma MDA levels because PUFAs are more
susceptible to oxidation. Pomegranate peel is also known to
have a high PUFA content (Akhtar et al., 2015). Conversely,
a meta-analysis of numerous human studies examined the re-
lationship between the duration of pomegranate consumption
and MDA levels. Lorzadeh et al. (2022) reported that MDA
levels decreased with administration for more than 8 weeks,
while no significant effect was observed with shorter admin-
istrations.

Similarly, in the present study, the elevated MDA values,
particularly at higher supplementation levels, could be linked
to the oxidative vulnerability of the fatty acid composition
in pomegranate peel. Although the pomegranate is generally
recognized for its antioxidant properties, the fatty acid pro-
file potentially rich in PUFAs might render it prone to oxida-
tion under physiological conditions, especially when admin-
istered in higher doses. This paradoxical effect underlines
the complex interaction between antioxidant and pro-oxidant
mechanisms in the biological system, warranting a more nu-
anced understanding of dose-dependent responses.

In addition to MDA, plasma non-esterified fatty acids (NE-
FAs), also known as free fatty acids (FFAs), were also ele-
vated, which may further support the presence of oxidative
and metabolic stress. Elevated NEFA levels are traditionally
associated with adverse metabolic outcomes, including in-
sulin resistance, as increased adiposity was thought to drive
excessive NEFA release into circulation (Karpe et al., 2011).
However, more recent studies suggest that NEFA release per
unit of adipose tissue may actually decrease with increased
fat mass, complicating the interpretation of elevated NEFA
levels in this context.

Nevertheless, the concurrent increase in both MDA and
NEFA levels observed in the present study raises the possibil-
ity of an imbalance in redox homeostasis, potentially driven
by the interaction of bioactive components in pomegranate
peel with lipid metabolism. This highlights the need for fur-
ther studies to delineate the specific pathways through which
pomegranate peel affects oxidative stress and lipid mobiliza-
tion in laying hens.
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4.4 Weight and fat ratio of liver

It was determined that using high-energy feed had a signifi-
cant effect (P < 0.05) on the wet weight and dry weight of
the liver. The lowest wet and dry liver weights were observed
in the control, HE +50mgkg~' P, and HE 4 150 mgkg ™!
P groups. Moreover, a significant difference (P < 0.01)
was identified between the groups concerning liver fat ra-
tio based on dry matter. The groups HE +0mgkg~! P and
HE + 50 mgkg ™! P exhibited the highest fat ratios.

Ivy and Nesheim (1973) reported that the liver fat ratio
could exceed 40 % of dry weight and even reach up to 70 % in
cases of fatty liver. In this study, the liver fat ratio in the group
fed with high-energy feed (HE +0mgkg ™' P) was found to
be 47.24 % higher compared to the control group. Consistent
with these findings, several studies have also reported that
high-energy feed increases the liver fat ratio in layer hens
raised in cage systems (Akkilic and Tanyolag, 1975; Jensen
et al., 1970).

The groups supplemented with 50 and 100 mgkg~! of
pomegranate peel had significantly lower liver fat content
than the group without pomegranate peel. This may be due
to the antihyperlipidemic properties of pomegranate peel.
It is thought that the phenolic compounds and antioxidants
found in pomegranate peel reduce liver fat accumulation by
regulating lipid metabolism. Similar results have been re-
ported in the literature, with the antihyperlipidemic effect of
pomegranate peel being clearly demonstrated in a study con-
ducted on rats by El-Hadary and Ramadan (2019). These data
suggest that pomegranate peel provides antioxidant capacity
and positively influences lipid metabolism, thereby reducing
liver fat content.

Additionally, pomegranate extract has been reported to re-
duce liver weight and fat ratio in Zucker fatty (ZF) rats (El-
Rashedy et al., 2011). While limited, molecular studies on
pomegranates’ effects on fatty liver have provided valuable
insights. For example, Xu et al. (2009) investigated the effi-
cacy of pomegranate fruit extract on the liver of Zucker dia-
betic fatty rats and human hepatic (HepG2) cells. Their find-
ings demonstrated that pomegranate fruit extract supplemen-
tation decreased liver weight, triglyceride (TG) content, and
lipid droplet formation. The mechanism involves stimulating
the activation of gene expression related to lipid metabolism,
including PPAR«, carnitine palmitoyltransferase-1 (CPT1),
and acyl-CoA oxidase (ACO), while reducing the expression
of stearoyl-CoA desaturase.

Furthermore, pomegranate extract has shown improve-
ment in hyperlipidemia, hyperglycemia, and fatty heart con-
ditions in diabetic Zucker mice (Huang et al., 2005a, b).
These results highlight the potential therapeutic effects of
pomegranate extract on fatty liver and metabolic disorders.
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5 Conclusion

As a result, it was determined that the addition of 150
pomegranates to the high-energy diet had a positive effect on
FCR and egg production, increased shell-breaking strength,
and yolk color values, and significantly decreased serum TG
and VLDL values supplemented with pomegranate groups.
As aresult, it was concluded that the addition of pomegranate
to the feeds was successful in eliminating the diseases that
may occur due to lipid metabolism in laying hens and in im-
proving the performance values. In addition, this study will
be a source for future studies on fatty liver disease.
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