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Abstract

In the present study, we determined the potential effects of ellagic acid and mesocarp extract of Punica
granatum on the productive and reproduction performance of laying hens. Five treatments groups were
setup: (1) control group (without ellagic acid), (2) 50 mg of ellagic acid, (3) 100 mg of ellagic acid, (4) 200
mg of ellagic acid, and (5) mesocarp extract of P granatum. All the groups were investigated for feed
intake, body weight, egg production, egg quality, fertility, hatchability, antioxidant status of serum and
liver, lipid peroxidation, and antibacterial activities. Egg production, feed intake and body weight were
significantly increased (p < 0.05) with 100 mg of ellagic acid and P granatum extract while no significant
effect was observed on albumen and yolk weight, yolk index, yolk color, egg-shape index, and Hough unit.
Both ellagic acid and P granatum extract significantly improved hatchability while 100 and 200 mg/kg of
ellagic acid numerically decrease fertility. Besides, ellagic acid and P granatum extract significantly
decreased malondialdehyde concentration and increased total antioxidant capacity, glutathione
peroxidase, and total superoxide dismutase in serum and liver samples of laying hens (p < 0.05). The
lipid peroxidation was decreased among the treatments groups, with 100 mg of ellagic acid and P
granatum extract showed the best activity. Moreover, ellagic acid showed strong killing activity against
Escherichia coli and Staphylococcus aureus while it was ineffective against methicillin-resistant S.
aureus. Our results conclude that ellagic acid and P granatum promotes egg production, hatchability, and
antioxidant enzymes activities of the Gallus gallus.

Introduction

The modern chicken has been the focus of research for egg production, meat quality and growth
performance. Hens provide eggs and meat globally and various dietary supplements have been used to
increase egg production, meat quality and hen performance (Al-Harthi 2014; Brewer 2011). Several plants
derived product such as grape seed, oregano, rosemary, garlic, onion, and plum resins contain high levels
of natural antioxidants (Brewer 2011; Mielnik et al. 2006; Ri et al. 2017; Yashin et al. 2017). These
antioxidant compounds are secondary metabolites of plants that are synthesized in response to
environmental stresses and pathogen attack. The use of these antioxidants are highly beneficial to the
animal diet because of their advantageous effects on animal health (Pagare et al. 2015). When poultry
feed is supplemented with phenolic compounds such as antioxidant agents, the majority of them showed
beneficial effects on bird health. Therefore, it is always intriguing to find new antioxidant and determined
their potential activities that can enhance hen performance. Among the well-known antioxidant
compounds, ellagic acid is a well-characterized and multi-functional polyphenolic compound. Ellagic acid
is a condensed dimer of gallic acid and present abundantly in pomegranate, cranberries, strawberries,
blackberries, raspberries, and walnuts (Tsao 2010). Pomegranate (P granatum) is known as super-fruit
because of high antioxidant activity and is rich source of polyphenols such as punicic acid, ellagitannins
and ellagic acid (Fernandes et al. 2015). In fact pomegranate extracts surpassed the antioxidant potential
of green tea that had been tested for treatment of prostatic disease (Bell and Hawthorne 2008). The
dietary benefits of pomegranate have been largely associated to its ellagitannins and ellagic acid content
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(Long et al. 2019). Ellagic acid acts as an antioxidant by countering the deleterious effects of oxidative
stresses and showed anticarcinogenic, antibacterial, antiproliferative, and anti-inflammatory properties in
different hosts such as humans, rats, and bacteria (Rahal et al. 2014; Shahidi and Yeo 2018). In present
work, we explored the effect of ellagic acid and P, granatum extract in lying hens and revealed the
changes in egg quality parameters and reproductive performance after feeding the ellagic acid
supplemented diet.

Materials And Methods

Experimental design

Birds handling and experimental protocols were followed as previously described (Gul et al. 2017). A total
number of 150-birds + 15-cocks of local yellow-brown laying hens of 28-weeks old were equally divided
into 5-groups. Five experimental diets were formulated to meet the nutrient recommendation of laying
hen's management guide which met or exceeded the Nutrient Requirements of Poultry (1994)
recommendation (Table 1). The experimental diet was offered from 28 to 44 week of age as follows;
Group A was control diet without ellagic acid while Groups B, C, and D had 50, 100, and 200 mg/kg of
ellagic acid and Group E has 200 mg/kg mesocarp extract of P granatum. All hens were raised under a
16 h light and 8 h darkness cycle and allowed free access to feed and water.
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Table 1
Ingredient and nutrient level composition analysis of the control basal diet.

Ingredient (%) Basal diet amount

Corn 61.50
Soybean meal (46% CP) 26.23
Wheat bran 2.0
Limestone 8.33
Di-calcium phosphate 1.34
Salt 0.30
Premix 0.30
Total 100

Nutritional composition (%)

Metabolizable energy (kcal/kg) 2750.360
Crude protein 16.5
Crude fiber 2.67
Ca 3.72
Phosphorus 0.57
Lysine 0.85
Methionine 0.40
Met + Cys 0.69
Sodium 0.34

The premix provided the following /kg of the diet: IU Vit. A 9500, vit. D3 1600mg; vit.E 10IU;
vit.K3.5mg; thiamine 1mg; riboflavin, 7.6mg; biotin, 2mg; folic acid, 6mg; vit B12 ,2mg; Mn,62mg; |,
1.5mg; Fémg Cu, 5mg; Zn, 54mg; Se,.2mg; calcium pantothenate,10mg.

Extraction of mesocarp extract of P granatum

Broken and unwanted P granatum were obtained from the local market. The outer coat was removed
from fruits, washed with water and juice was extracted. The extract was lyophilized and P granatum
powder (200 mg / 100 ml) was dissolved in boiled water. The solution was cooled at room temperature,
filtered by Whatman No. 1 filter paper and added in feed.

Data collection and layers performance
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The feed provided to the treatments groups was observed daily. The feed intake was determined as
follows; Feed consumed = Feed offered — Feed refused

Eggs were collected from each group daily. Average hen-day egg production was determined as follows;
Egg produced (%) = (No of eggs produced in a single day) / (No of live birds in that groups on that day) x
100

Bodyweight was calculated as the difference between the initial body weight and final body weight during
the experimental period, while feed conversion ratio (FCR) was measured as the egg mass value divided
by the amount of feed consumed. The egg mass was calculated as the weight of individual egg in gram
per day per hen.

Egg quality parameter

Eggs were examined thoroughly for exterior and interior quality. Egg composition was weekly determined
using three egg per replicate and egg weight, length, and width were measured. The egg was cautiously
broken on a glass plate and the yolk was separated from albumen and eggshell. Albumen weight was
calculated from the whole egg by subtracting yolk weight and shell weight. Egg shape index and yolk
index were calculated as follows;

Egg shape index (%) = (height/diameter) x 100, yolk index (%) = (width/length) x 100

Eggshell thickness was measured at the three regions on the egg (air cell, equator, and sharp end). The
Haugh unit was calculated using egg weight and albumen height which was obtained by using a
micrometer while the yolk visual color was measured by matching the yolk with 15 bands of the Roche
improved yolk color fan.

Hatching performance

Semen approximately 2.5 ml was collected from 15-pedigree cock and gradually mixed with an equal
amount of diluent and fertilized 30 pl per hen. At the end of the experiment, all fertilized eggs were
collected and hatching performance was evaluated. The total number of eggs in the incubator,
unfertilized eggs, infertile eggs, and mortality were recorded to assess the fertility and hatchability of
fertile eggs.

Antioxidant capacity measurement

At the end of the experiment, 2-birds per replicate were randomly chosen to collect blood from the wing
vein and centrifuged at 958 g for 10-min to isolate serum from the blood while liver sample collected after
12 h fasting from 15-layers (1 bird per replicate). The collected sample was washed twice with ice-cold
phosphate buffer saline and dried with filter paper to keep away from blood contamination. For
antioxidant parameter, the liver samples were homogenaized by mixing with ice-cold isotonic
physiological saline at a ratio of 1g/ml and centrifuge (958 g, 10 min) to get supernatant. The quantity of
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total antioxidant capacity (T-AOC), total superoxide dismutase (T-SOD), glutathione peroxidase (GSH-Px),
and malondialdehyde (MDA) in serum and liver were measured with commercial kits according to the
manufactures instructions (Nanjing Jiancheng Bioengineering Research Institute Nanjing, China). The
ellagic acid and P granatum extract antioxidant activities were determined by DPPH (2,2-diphenyl-1-picryl-
hydrazyl-hydrate) radical scavenging assay. The DPPH assay was performed as previously described
(Lee et al. 2003). The mechanism of this assay is based on the inhibition of the DPPH free radical and
transfer of hydrogen atom from an antioxidant compound to free radical DPPH.

Determination of thiobarbituric acid reactive substance (TBARS) level

Lipid peroxidation was determined by measuring TBARS concentration as described by Grau et al (2000).
Malondialdehyde absorbance was determined at wavelength 521.5 nm against the blank.
Tetraethoxypropane was used in the standard curve as a malondialdehyde precursor. TBARS level was
expressed as malondialdehyde pg/kg of sample (Grau et al. 2000).

Determination of antimicrobial activities of ellagic acid

E. coliand S. aureus clinical strains were grown in tryptic soy broth and lysogeny broth media respectively
for 3 h and approximately 2 x 10° CFU/ml cells were spread on Muller-Hinton agar plates and challenged
with 1 mg of ellagic acid. Plates were incubated at 37°C and zones of inhibition were measured after 24 h
as described previously (Habib et al. 2020).

Statistical analysis

The results were expressed as means * standard deviations and analyzed by SPSS version 25, IBM
Corporation, USA. The significant difference was determined by ANOVA and followed by Tukey multiple
range tests. Significant differences (p < 0.05) were represented by different alphabetical letters.

Results

Antioxidant activity of ellagic acid and P. granatum extract

In vitro antioxidant activities of ellagic acid and P granatum extract were determined by DPPH radical
scavenging assay. Ellagic acid showed a relatively higher radical scavenging activity than P granatum
extract. Ellagic acid scavenged approximately 78% while P granatum extract 73% of DPPH radicals in the
0.8-100 pg/ml concentrations.

Bodyweight and feed intake

We determined the productivity parameters in isogeneic conditions in layers. The layers showed an
increase in feed intake (p <0.05) from week 33 to week 36 in treatment groups C (100 mg of ellagic acid)
and E (P granatum extract). Group B (50 mg of ellagic acid) also showed an increase in feed intake but
not significantly (p >0.05) while group D (200 mg of ellagic acid) has no increase in feed intake. During

Page 6/19



the last week, the feed intake continuously increased in treatment groups C and E while groups B and D
remained consistent (Table 2). The initial body masses of the birds in the various treatment groups were
similar among the groups, however, after the end of the experiment, the groups fed 100 mg of ellagic acid
was significantly heavier (p < 0.05) compared to the control and rest of the treatment groups (Table 3).
We summarized that the supplementation of 100 mg of ellagic acid and P, granatum extract had a better
effect on feed intake and bodyweight.

Table 2

Average feed intake values (in kg) per week of layers fed with different levels of ellagic acid and P
granatum extract during the whole experimental period. Values are given in means * standard error.

abc\jeans values within the same column with different superscript differ significantly (p < 0.05). Groups
denoted: A; control (without ellagic acid), B; 50 mg/kg of ellagic acid, C; 100 mg/kg of ellagic acid, D; 200
mg/kg of ellagic acid, and E; 200 mg/kg of P granatum extract.

Groups Weeks Weeks Weeks Weeks Net feed ANOVA
intake/kg
29-32 33-36 37-40 41-44 (p-
values)

A 070 0.74% 076+ 0.74% 294+ 00252 0.10
0.02° 0.032 0.01@ 0.042

B 0.72 + 0.73 % 0.77 0.75+ 297 +0.022°8 0.085
0.032 0.01° 0.01@ 0.04°

C 0.83+ 0.85+ 0.83+ 0.85+ 336+ 0015 0.025
0.01P 0.02° 0.02P 0.01°

D 0.80+ 0.78 + 0.72 + 0.75+ 3.01 + 0.0222 0.070
0.01° 0.02° 0.01° 0.02°

E 0.76 0.78 + 0.85+ 0.83+ 3.22 +0.032¢ 0.040
0.042 0.02¢ 0.04°¢ 0.03°¢
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Table 3

Average weekly bodyweight values (in kg) of layers fed with different levels of ellagic acid and P
granatum extract during the whole experimental period. Values are given in means * standard error.

abc\eans values within the same column with different superscript differ significantly (p <0.05). Groups
denoted: A; control (without ellagic acid), B; 50 mg/kg of ellagic acid, C; 100 mg/kg of ellagic acid, D; 200
mg/kg of ellagic acid, and E; 200 mg/kg of P granatum extract.

Groups

Weeks
29-32

1.90+0.022
1.84+0.03?
1.80+0.042
1.80+0.042

1.80+0.042

Weeks
33-36

1.85+0.042
1.86 + 0.05%
1.85+0.05%
1.74+0.052

1.80+0.032

Weeks
37-40

1.80+0.022
1.80+0.042
1.8840.01°
1.78+0.052

1.85+0.022

Weeks
41-44
1.90 + 0.04°
1.90 +0.03?
1.9140.04°
1.76 +0.042

1.84+0.03?

Net body-weight

1.71+0.032
1.77+0.032
1.85+0.03°
1.77 +0.042

1.82+0.032

ANOVA
(p-values)

0.22
0.12
0.035
0.085

0.065

Feed conversion ratio
During the 29-32 and 33—-36 weeks of the experiment, the feed conversion ratio was the lowest in group
E and followed by group C, while group D showed the highest feed conversion ratio and followed by
group B as shown in Table 4. In the last week of experiments, groups C and E showed better FCR
compared to other treatment groups. Overall, the best FCR was observed in group C followed by groups E
and B while the worst FCR was noticed in group D with 200 mg of ellagic acid.

Table 4

Average FCR values were calculated weekly among layers fed with different levels of ellagic acid and P
granatum extract during the whole experimental period. Values are given in means * standard error.

abc\jeans values within the same column with different superscript differ significantly (p < 0.05). Groups
denoted: A; control (without ellagic acid), B; 50 mg/kg of ellagic acid, C; 100 mg/kg of ellagic acid, D;
200 mg/kg of ellagic acid, and E; 200 mg/kg of P granatum extract.

Groups

Weeks
29-32

2.82+0.032
2.85+0.032
2.76 £0.022
2.84+0.042

2.72+0.032

Weeks
33-36

2.80+0.032
2.80+0.042
2.74+0.01°
2.84+0.032

2.73+0.02°

Weeks
37-40

2.84+0.03?
2.87+0.05°
2.72+0.03°
2.86+0.05%°

2.78£0.04°

Weeks
41-44
2.82+0.05°
2.80+0.04°
2.70+0.02°
2.85+0.042b

2.76 £0.03°

Total FCR

2.82+0.032
2.83+0.042

2.73+0.02°

2.84 +0.042P

2.75+0.03°

ANOVA
(p-values)

0.10

0.090
0.040
0.070

0.045
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Egg characteristics parameters

During the whole 16-weeks feeding period, average egg weight among the treatment groups showed
similarities and there was no significant difference between the groups while group D was the worse
among the groups. The percentage of egg production in groups C and E were significantly increased (p <
0.05) and had less percentage of broken or cracked eggs. The ellagic acid and P granatum extract
significantly increased egg mass in groups C and E compared to the rest of the treatment groups while
groups B and D showed decrease egg mass compared to the control group as shown in Table 5. The
group D showed a high percentage of broken or cracked eggs, as well as some shell-less eggs, that might
be the result of abnormal digestion, or birds fail to ingest a high amount of ellagic acid.

Table 5

Effects of different levels of ellagic acid and P, granatum extract on egg production, egg weight,
egg mass and cracked egg during the whole experimental period.

Groups [Eggweight(g) [Eggmass Egg production (%)  Broken/cracked egg (%)
(g/day/bird)

A 58.76+0.012  29.84:10.08  78244+0.03° 1.90 + 0.042

B 58.21+0.012 28661019  7814+0.022 1.86 + 0.042

C 58.28+0.032  2947%10.02  g8350+0.03P 0.60 + 0.02°

D 57.13+0.042 28212020  7675+0.04° 2.140.03°

E 58.78+0.022  29.6120.024  g125+0.01° 0.58 +0.012P

Data showed the average values + standard error after 16-weeks of treatment. 2°°Means values within the
same column with different superscript differ significantly (p < 0.05). Groups denoted: A; control (without
ellagic acid), B; 50 mg/kg of ellagic acid, C; 100 mg/kg of ellagic acid, D; 200 mg/kg of ellagic acid, and
E; 200 mg/kg of P granatum extract.

Egg quality parameters

The effect of ellagic acid and P granatum extract on external and internal egg quality parameter of laying
hens were shown in Tables 6 and 7. The whole egg quality parameters were not significantly affected (p
>0.05) by ellagic acid and P, granatum extract treatment groups compared to the control group except for
shell weight and shell thickness that were increased significantly in group C and E (p <0.001). The egg
shape index, albumen weight (%), yolk weight (%), yolk index (%), and the color score did not change by
adding ellagic acid and P granatum extract in the diet. When we determined the Hough unit, which is the
observed height of albumin correlated with egg weight, slightly increased in group E (p >0.05) compared
to the rest of the treatment groups as shown in Table 6.
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Table 6

Effects of different levels of ellagic acid and P granatum extract on egg external quality
parameters during the whole experimental period. Values are given in means + standard

error. 32°Means values within the same column with different superscript differ
significantly (p <0.05). Groups denoted: A; control (without ellagic acid), B; 50 mg/kg of
ellagic acid, C; 100 mg/kg of ellagic acid, D; 200 mg/kg of ellagic acid, and E; 200 mg/kg
of P granatum extract.

Groups Shell weight(g)  Shell thickness (mm) Egg shapeindex Hough unit
(%) (%)
A 5.80+0.07° 0.374+0.0042 74.61+0.02° 73.61+0.87°2
B 5.82+0.06° 0.375+0.0022 74.63+0.032 73.63+0.482
C 6.04 +0.02° 0.403 £ 0.003" 74.58+0.312 73.86+ 1.06°
D 5.96+0.032 0.371+0.002° 74.61+0.02° 73.62+0.932
E 6.12+0.02° 0.397 +0.003° 74.64 +0.32° 74.20+0.072
Table 7

Effects of different levels of ellagic acid and P granatum extract on egg internal quality
parameters during the whole experimental period. Data showed the average values +
standard error after 16-weeks of treatment. The egg internal quality parameters (albumen
weight, yolk weight, yolk index, and yolk color) were not changed significantly (p >0.05).
Groups denoted: A; control (without ellagic acid), B; 50 mg/kg of ellagic acid, C; 100
mg/kg of ellagic acid, D; 200 mg/kg of ellagic acid, and E; 200 mg/kg of P granatum
extract.

Groups Albumen weight (%) Yolk weight (%) Yolkindex (%) Yolk color score
A 55.94+0.36 35.10+0.63 43.12+0.51 7.15+0.01
B 55.96+0.32 35.19+0.76 43.22+0.51 7.15+0.02
C 55.65+0.26 35.17+0.78 43.35+0.32 7.4010.04
D 55.86+0.34 35.14+0.86 43.23+0.52 7.23+0.05
E 55.94+0.36 35.19+0.64 43.28 £ 0.64 7.16+0.04

Reproductive performance of laying hens

Ellagic acid and P granatum extract supplemented diet had significantly increased the hatchability of
eggs. A diet containing 100 mg of ellagic acid and 200 mg/kg P, granatum extract had significantly
increased hatchability (p < 0.05) as showed in Table 8. In group C and E, the hatchability percentage was
84.16%, 83.41% respectively. No significant effect was found in the percentage fertility among the
different treatment groups while group C and D show low fertility between the groups. The P granatum
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extract had a positive effect on improving fertility while the highest fertility was observed in group A
(control) and E in comparison to the rest of the group.

Table 8

Effects of different levels of ellagic acid and P granatum extract on the
reproductive performance of laying hens during the whole experimental period.

Values are given in means * standard error. 2°°Means values within the same
column with different superscript differ significantly (p < 0.05). Groups denoted: A;
control (without ellagic acid), B; 50 mg/kg of ellagic acid, C; 100 mg/kg of ellagic

acid, D; 200 mg/kg of ellagic acid, and E; 200 mg/kg of P granatum extract.

Groups Fertility (%) Hatchability (%) Hatched chicks Mortality (%)
Bodyweight (g)

A 90.56+0.85% 82.92+1.07° 35.41+0.18°2 410+0.012

B 90.24+0.64% 82.96+0.342 35.14+0.162 4.00+0.232

c 88.81+0.822 84.16+1.32° 35.71+0.148 3.00+0.12°

D 88.11+0.628 82.12+0.082 35.43+0.52° 4.31+0.312

E 90.41+0.71% 83.41%1.23° 35.68 + 0.262 3.21+0.04°

Hatched chicks bodyweight was not influenced by any of the treatment groups. The overall weight of
hatched chicks was in the range of 35.14 to 35.71g among the groups. Mortality was also noticed during
hatching period; mortality was significantly decreased in the treatment group C and E and their mortality
percentage was 3.0% and 3.21% respectively compared to the rest of groups as mentioned in Table 8.

Serum antioxidant potential

Addition of ellagic acid and P, granatum extract to feed quadratically increases T-SOD, T-AOC, and GSH-Px
(p < 0.05) potential in serum during the experimental period as shown in Table 9. The T-SOD
concentration was higher in group E and followed by group D and C while T-AOC concentration was
higher in the following order in groups; D >C >E > B > A. Highest GSH-Px activities were noticed in groups
E and D while the lowest was observed in the control group. A significant decrease (p<0.01) was
detected in MDA level in ellagic acid treated groups C and D, and group E compared to control (Table 9).
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Table 9

Effects of different levels of ellagic acid and P granatum extract on serum
antioxidant indices of laying hens during the whole experimental period. Data

showed the average values + standard error after 16-weeks of treatment. 2°°Means
values within the same column with different superscript differ significantly (p <
0.05). Groups denoted: A; control (without ellagic acid), B; 50 mg/kg of ellagic acid,
C; 100 mg/kg of ellagic acid, D; 200 mg/kg of ellagic acid, and E; 200 mg/kg of P

granatum extract.
Groups T-SOD U/mi T-AOC, U/ml GSH-Px, U/ml MDA, nmol/ml
A 417.2+11.478 422+0.14%® 1330.50+0.418  9.85+0.182
B 429.6+10.068 426+0.322  1376.10+0.448  9.12+0.46°
C 480.6+14.65° 518+0.02° 1590.24+0.89° 7.64%0.38°
D 510.0+8.56%® 5.57+0.38%° 1620.57+0.322 7.36+0.16°
= 520.6+12.43° 5.14+0.01° 1660.52+0.31°  7.84+0.36°
Liver antioxidant potential

Antioxidant activity of ellagic acid and P granatum extract are summarized in Table 10. The T-AOC and T-
SOD were significantly increased in the treatment groups in the liver samples (p < 0.05) compared to the
control group. The highest concentration of T-AOC and T-SOD was observed in group D followed by group
C and E. Numerically, GSH-Px concentration increased in ellagic acid groups C and D, followed by group E
while control and group B were similar. The MDA level was significantly decreased in groups C, D, and E

(p < 0.05) compared to control group.
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Table 10

Effects of different levels of ellagic acid and P granatum extract on liver
antioxidant indices of laying hens during the whole experimental period. Data
showed the average values + standard error after 16-weeks of treatment.

abcMeans values within the same column with different superscript differ
significantly (p <0.05). Groups denoted: A; control (without ellagic acid), B; 50
mg/kg of ellagic acid, C; 100 mg/kg of ellagic acid, D; 200 mg/kg of ellagic acid,
and E; 200 mg/kg of P granatum extract.

Groups T-AOC,U/ml  T-SOD GSH-Px MDA

(U/mg pro) (U/ml) (nmol/mg pro)
A 1.75+0.06°  98.36+2.68%  33.46+1.43%  0.76+0.022
B 1.82+0.032  97.52+2472 3348+1.56% 0.68+0.042
¢ 2.10+0.001° 102.52+3.0° 3596+1.74°  0.54+0.04°
D 2.20+0.022°  102.93+3.0% 3546+1.742® 0.50+0.03°
E 2.004£0.02° 100.52+22° 3470+1.03° 0.55+0.02%

Ellagic acid decreased lipid peroxidation in chicken meat

We evaluated the effects of ellagic acid and P granatum extract supplementation on lipid oxidation in
chicken meat by assessing the malondialdehyde level by measuring TBARS. We collected raw meat
samples and determined TBARS values in chicken meat supplemented with ellagic acid and P granatum
extract. Ellagic acid fed group C showed lowest values of TBARS when compared to the rest of the
groups (Fig. 1). Group E also showed lower TBARS values than group D and B, which suggested that lipid
oxidation was decreased upon supplementation of ellagic acid and P, granatum extract in birds feed

(Fig. 1).
Antimicrobial activities of ellagic acid

Ellagic acids showed strong killing activity against E. coliand S. aureus while it was ineffective against
methicillin-resistant S. aureus (MRSA). The plates shown in Fig. 2 indicated a clear zone of inhibition
against E. coliand S. aureus while no clear zone of inhibition was observed against MRSA which showed
that ellagic acid is not active in killing MRSA.

Discussion

Antioxidants are considered very crucial for growth development in animals (Lobo et al. 2010). The
supplementation of different antioxidant compounds in the diet is widely tested in poultry research such
as essential oil, tannic acid, and coffee residues (Brewer 2011; Shahidi et al. 1992). Certain stresses such
as heat, toxin, and pathogen can adversely affect poultry development while the supplementation of
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phenolic compound is effective against such kinds of stresses (Mishra and Jha 2019). Ellagic acid is a
phenolic lactone compound naturally present in a variety of fruits (Beattie et al. 2005; Mielnik et al. 2006;
Seeram 2007; Usta et al. 2013). Studies showed that ellagic acid has a number of roles such as; anti-
mutagenic (Zahin et al. 2014), anti-carcinogenic (Zhang et al. 2014), anti-inflammatory (BenSaad et al.
2017), antibacterial (De et al. 2018; Panichayupakaranant 2010), and is a good chelator agent (Ahmed et
al. 1999; Li et al. 2018; Saha et al. 2016). Dietary supplementation of ellagic acid has enhanced growth
performance in rats and human but remain unexplored in poultry (Del Rio et al. 2013; Farzaei et al. 2015;
Keservani et al. 2016; Rosillo et al. 2012; Usta et al. 2013). Our results summarized that birds
supplemented with ellagic acid and P granatum extract diet successfully increased egg production,
bodyweight, egg mass, had better FCR and no depressing characteristics of birds were detected. The
experimental diet did not affect the external and internal quality of eggs while increased shell weight and
shell thickness. Our results showed that P granatum extract had a positive effect on fertility while ellagic
acid-treated groups showed decrease in fertility. Similar results were reported where ellagic acid improves
overall health status of birds (Kratzer et al. 1975; Shanmugam and Rao 2015). In this study, we also
found a significant increase in T-AOC, T-SOD, and GSH-Px concentration and a decrease in MDA level in
the liver and serum samples of ellagic acid (100 and 200 mg/kg) and P granatum extract treated groups.
Our findings are in accordance with reports that reported ellagic acid as an agent that increases T-AOC, T-
SOD, and GSH-Px and decreases the MDA concentrations in rats (Chen et al. 2018; Ozkaya et al. 2010;
Yiice et al. 2007) and trout fish (Mise Yonar et al. 2014) in the liver, kidney and spleen samples. We also
detected lipid peroxidation in raw chicken meat that was significantly decreased in ellagic acid (100 and
200 mg/kg) and P granatum extract treated groups. Several reports provided evidence that ellagic acid
can decrease lipid peroxidation in animals tissues (Bucak et al. 2019; Han et al. 2006; Majid et al. 1991,
Nishigaki et al. 1993). Apart from the antioxidant function, ellagic acid showed antibacterial activities
against E. coliand S. aureus while ineffective against MRSA. This result was consistent with the previous
findings which showed the strong antibacterial activity of ellagic acid against different bacteria (Bindu et
al. 2016; De et al. 2018). Altogether, we showed that ellagic acid and P granatum extract have functional
roles in better feed utilization, food digestion, productions performance of chickens, antioxidant potential,
and antimicrobial activities. In summary, ellagic acid and P, granatum extract are safe to be
supplemented in chicken feed and no undesirable effects were observed. Further study can increase
understanding of their roles as antioxidants in egg-laying ducks and commercial broiler breeder.

Declarations

Funding

The study was funded by the China Government Scholarship and the Chinese Academy of Sciences.
Declaration of Competing Interest

The authors have declared no conflict of interest.

Code or data availability
Page 14/19



Not applicable
Authors' contributions

Haji Gul, Zhaoyu Geng, Azam Hayat, and Gul Habib conceptualized the study. Haji Gul, Gul Habib, and
Imran Khan performed the experiments. Haji Gul, Zhaoyu Geng, and Gul Habib received the funding. Gul
Habib, Azam Hayat, Zhaoyu Geng and Mujaddad Ur Rehman revised and proofread the manuscript.

Ethical Approval

The animal management guidelines of the China Council on Animal Care were followed and the
experimental protocols were approved by the Animal care committee of Anhui Agricultural University.

Consent to participate
Not applicable
Consent for publication

All authors read and approved the present version for publication.

References

1. Ahmed S, Rahman A, Saleem M, Athar M, Sultana S (1999) Ellagic acid ameliorates nickel induced
biochemical alterations: diminution of oxidative stress Human & experimental toxicology 18:691—
698

2. Al-Harthi MA (2014) The effect of natural and synthetic antioxidants on performance, egg quality
and blood constituents of laying hens grown under high ambient temperature Italian Journal of
Animal Science 13:3239

3. Beattie J, Crozier A, Duthie GG (2005) Potential health benefits of berries Current Nutrition & Food
Science 1:71-86

4. Bell C, Hawthorne S (2008) Ellagic acid, pomegranate and prostate cancer—a mini review Journal of
Pharmacy and Pharmacology 60:139-144

5. BenSaad LA, Kim KH, Quah CC, Kim WR, Shahimi M (2017) Anti-inflammatory potential of ellagic
acid, gallic acid and punicalagin A&B isolated from Punica granatum BMC complementary and
alternative medicine 17:47

6. Bindu |, Jayachandran V, Elcey C (2016) Evaluation of Antistaphylococcal Activity of Ellagic Acid
Extracted from Punica granatum Fruit Peel on MRSA Int J Curr Microbiol App Sci 5:245-253

7. Brewer M (2011) Natural antioxidants: sources, compounds, mechanisms of action, and potential
applications Comprehensive reviews in food science and food safety 10:221-247

8. Bucak MN et al. (2019) Influence of Ellagic Acid and Ebselen on Sperm and Oxidative Stress
Parameters during Liquid Preservation of Ram Semen Cell Journal (Yakhteh) 12
Page 15/19



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Chen P, Chen F, Zhou B (2018) Antioxidative, anti-inflammatory and anti-apoptotic effects of ellagic

acid in liver and brain of rats treated by D-galactose Scientific reports 8:1465

De R et al. (2018) Antimicrobial activity of ellagic acid against Helicobacter pylori isolates from India
and during infections in mice Journal of Antimicrobial Chemotherapy 73:1595-1603

Del Rio D, Rodriguez-Mateos A, Spencer JP, Tognolini M, Borges G, Crozier A (2013) Dietary (poly)
phenolics in human health: structures, bioavailability, and evidence of protective effects against
chronic diseases Antioxidants & redox signaling 18:1818-1892

Farzaei MH, Abdollahi M, Rahimi R (2015) Role of dietary polyphenols in the management of peptic
ulcer World Journal of Gastroenterology: WJG 21:6499

Fernandes L, Pereira JAC, Lopéz-Cortés |, Salazar DM, Ramalhosa EC (2015) Physicochemical
changes and antioxidant activity of juice, skin, pellicle and seed of pomegranate (cv. Mollar de Elche)
at different stages of ripening Food technology and biotechnology 53:397-406

Grau A, Guardiola F, Boatella J, Barroeta A, Codony R (2000) Measurement of 2-thiobarbituric acid
values in dark chicken meat through derivative spectrophotometry: Influence of various parameters
Journal of Agricultural and Food Chemistry 48:1155-1159

Gul H, Khan S, Shah Z, Ahmad S, Israr M, Hussain M (2017) Effects of local sodium bentonite as
aflatoxin binder and its effects on production performance of laying hens Kafkas Universitesi
Veteriner Fakdltesi Dergisi 23:31-37

Habib G, Zhu J, Sun B (2020) A novel type | toxin-antitoxin system modulates persister cell formation
in Staphylococcus aureus International Journal of Medical Microbiology 310:151400

Han DH, Lee MJ, Kim JH (2006) Antioxidant and apoptosis-inducing activities of ellagic acid
Anticancer research 26:3601-3606

Keservani RK, Sharma AK, Kesharwani RK (2016) Medicinal effect of nutraceutical fruits for the
cognition and brain health Scientifica 2016

Kratzer F, Singleton V, Kadirvel R, Rayudu G (1975) Characterization and growth-depressing activity
for chickens of several natural phenolic materials Poultry science 54:2124-2127

Lee SE, Shin HT, Hwang HJ, Kim JH (2003) Antioxidant activity of extracts from Alpinia katsumadai
seed Phytotherapy Research: An International Journal Devoted to Pharmacological and
Toxicological Evaluation of Natural Product Derivatives 17:1041-1047

Li Y, Li Z, Hou H, Zhuang Y, Sun L (2018) Metal Chelating, Inhibitory DNA Damage, and Anti-
Inflammatory Activities of Phenolics from Rambutan (Nephelium lappaceum) Peel and the
Quantifications of Geraniin and Corilagin Molecules 23:2263

Lobo V, Patil A, Phatak A, Chandra N (2010) Free radicals, antioxidants and functional foods: Impact
on human health Pharmacognosy reviews 4:118

Long J et al. (2019) Bioavailability and bioactivity of free ellagic acid compared to pomegranate
juice Food & function 10:6582-6588

Page 16/19



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Majid S, Khanduja KL, Gandhi RK, Kapur S, Sharma RR (1991) Influence of ellagic acid on
antioxidant defense system and lipid peroxidation in mice Biochemical pharmacology 42:1441-
1445

Mielnik M, Olsen E, Vogt G, Adeline D, Skrede G (2006) Grape seed extract as antioxidant in cooked,
cold stored turkey meat LWT-Food science and technology 39:191-198

Mise Yonar S, Yonar M, Yontirk Y, Pala A (2014) Effect of ellagic acid on some haematological,
immunological and antioxidant parameters of rainbow trout (O ncorhynchus mykiss) Journal of
animal physiology and animal nutrition 98:936—941

Mishra B, Jha R (2019) Oxidative stress in the poultry gut: Potential challenges and interventions
Frontiers in Veterinary Science 6

Nishigaki I, oku H, Noguchi M, ltoh G, Nakanishi M, Yagi K (1993) Prevention by ellagic acid of lipid
peroxidation in placenta and fetus of rats irradiated with 60Co Journal of clinical biochemistry and
nutrition 15:135-141

Ozkaya A, Celik S, Yiice A, Sahin Z, Yilmaz O (2010) The effects of ellagic acid on some biochemical
parameters in the liver of rats against oxidative stress induced by aluminum Kafkas Univ Vet Fak
Derg 16:263-268

Pagare S, Bhatia M, Tripathi N, Pagare S, Bansal Y (2015) Secondary metabolites of plants and their
role: Overview Curr Trends Biotechnol Pharm 9:293-304

Panichayupakaranant P (2010) Antibacterial activity of ellagic acid-rich pomegranate rind extracts
Planta Medica 76:P408

Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, Chakraborty S, Dhama K (2014) Oxidative stress,
prooxidants, and antioxidants: the interplay BioMed research international 2014

Ri C-S et al. (2017) Effects of dietary oregano powder supplementation on the growth performance,
antioxidant status and meat quality of broiler chicks Italian Journal of Animal Science 16:246—-252
Rosillo MA, Sanchez-Hidalgo M, Cardeno A, Aparicio-Soto M, Sanchez-Fidalgo S, Villegas |, de la
Lastra CA (2012) Dietary supplementation of an ellagic acid-enriched pomegranate extract
attenuates chronic colonic inflammation in rats Pharmacological Research 66:235-242

Saha P et al. (2016) Gut microbiota conversion of dietary ellagic acid into bioactive phytoceutical
urolithin a inhibits heme peroxidases PloS one 11:e0156811

Seeram NP Strawberry phytochemicals and human health: a review. In: Proceedings of the VI North
American Strawberry Symposium (NASS), 2007. American Society of Horticultural Scientists St.
Joseph, M,

Shahidi F, Janitha B Wanasundara P (1992) Phenolic antioxidants Critical reviews in food science &
nutrition 32:67-103

Shabhidi F, Yeo J (2018) Bioactivities of phenolics by focusing on suppression of chronic diseases: A
review International journal of molecular sciences 19:1573

Page 17/19



39. Shanmugam M, Rao SR (2015) Effect of dietary ellagic acid supplementation on semen quality
parameters in chickens Animal production science 55:107-112

40. Tsao R (2010) Chemistry and biochemistry of dietary polyphenols Nutrients 2:1231-1246

41. Usta C, Ozdemir S, Schiariti M, Puddu PE (2013) The pharmacological use of ellagic acid-rich
pomegranate fruit International Journal of Food Sciences and Nutrition 64:907-913

42. Yashin A, Yashin Y, Xia X, Nemzer B (2017) Antioxidant activity of spices and their impact on human
health: A review Antioxidants 6:70

43. Yiice A, Atessahin A, Ceribasi AO, Aksakal M (2007) Ellagic acid prevents cisplatin-induced oxidative
stress in liver and heart tissue of rats Basic & clinical pharmacology & toxicology 101:345-349

44. Zahin M, Ahmad |, Gupta RC, Aqil F (2014) Punicalagin and ellagic acid demonstrate antimutagenic
activity and inhibition of benzo [a] pyrene induced DNA adducts BioMed research international 2014

45. Zhang H-M, Zhao L, Li H, Xu H, Chen W-W, Tao L (2014) Research progress on the anticarcinogenic
actions and mechanisms of ellagic acid Cancer biology & medicine 11:92

Figures
2
® 18
%,D 16 —-Cont
=
L 14
E -=-Eg50
€ 1.2
[
1]
2 1 -»-Eg100
= i
i 0.8 . g
= Eg200
= 0.6
~
-é 0.4 -=-Pe200
=
s 0.2
0
2 4 6 8
Weeks
Figure 1

TBARS values in raw chicken meat were determined after 2, 4, 6, and 8 weeks of feeding ellagic acid and
P granatum extract containing diet. Cont.; without ellagic acid, Eg50; the group fed 50 mg ellagic acid,
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Eg100; the group fed 100 mg ellagic acid, Eg200; the group fed 200 mg ellagic acid, Pe200; the group fed
200 mg P, granatum extract.

E. coli S. aureus MRSA

Figure 2

Ellagic acid (1mg) actively killed E. coliand S. aureus cells with an average of 8 mm and 3 mm zone of
inhibition, respectively. Ellagic acid did not show any clear zone against MRSA.
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