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Effect of dried and ensiled pomegranate by-product on performance,  
blood metabolites and meat quality of Balochi lambs
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ABSTRACT: This study aimed to investigate the addition of dried and ensiled pomegranate by-products on the 
performance, rumen parameters, blood metabolites and meat quality of Balochi ram lambs. A total of 18 lambs 
at 90 d age with similar body weight (BW, 28.0±3.5 kg) with 6 replicates per treatment were used. The experi-
mental treatments including 1) Control, 2) 20% of dried pomegranate by-product, 3) 20% of ensiled pomegranate 
by-product. According to the results, it was found that the use of pomegranate by-products does not have a signif-
icant effect on daily weight gain, feed consumption and feed conversion ratio (P>0.05). Except the constant rate 
of gas production, other rumen parameters were significantly affected by the experimental treatments (P<0.05). 
Furthermore, the use of pomegranate by-products had a significant effect on blood cholesterol (P<0.05). Moreover, 
the dietary treatments have no significant effect on meat traits and its components (P>0.05). The overall results 
showed that ensiling pomegranate by-products could reduce the amount of tannin in them to a greater extent.
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INTRODUCTION

Currently, there are many political and social pres-
sures to reduce pollution caused by industrial 

activities. Almost all developed and underdeveloped 
countries are trying to adapt their processes to waste 
recycling. One of the strategies of management of 
waste and by-products includes the effectual devel-
opment of nutritious low-cost sustainable animal 
feed. In the animal industries, by-products could 
improve animal performance and simultaneously re-
duce the number of by-products and environmental 
pollution (Kotsampasi et al., 2014). It should be not-
ed, agricultural by-products have long been used as 
an effective strategy to reduce feed costs in ruminant 
nutrition (Salami et al., 2019).

Pomegranate (Punica granatum L.) is an import-
ant source of vital compounds and has been used in 
the past as a medicine to prevent and treat many dis-
eases (El-Hamamsy and El-Khamissi, 2020). Recent-
ly, pomegranate by-products, are attracting signifi-
cant attention for their potential applications in the 
agri-feed sector. Pomegranate were the leading fruit 
in the Iran based on production quantity, with some 
1.1 million tons produced in 2019. Pomegranate is 
widely grown in many regions and is an important 
source of antioxidant, anticancer, antimicrobial com-
pounds and contains a significant number of phe-
nolic compounds (El-Hamamsy and El-Khamissi, 
2020). Pomegranate are among the most processed 
fruits in the world that generate huge quantities of 
processing waste biomasses. Moreover, the use of 
other orchard by-products such as dried citrus pulp 
in ruminant diets has also been studied, showing 
promising results in improving animal performance 
(Ahooei et al., 2011). 

Several active compounds such as tannins, sterols 
and terpenoids are present in seeds, bark and leaves 
of Pomegranate. These bioactive compounds include 
specific conjugated fatty acids, phenolic compounds, 
and vitamins that have demonstrated antioxidant, an-
timicrobial, anti-inflammatory, anti-tumor, and im-
mune system-modulating properties in vivo (Carulla 
et al., 2005; Miguel et al., 2010; Johanningsmeier 
and Harris, 2011) For this reason, pomegranate waste 
can be considered as an excellent alternative feed 
supplementation to improve growth performance, 
digestibility of nutrients and immunity of animals 
(Ibrahim et al., 2017). Pomegranate by-products 
have high nutritional value as feed for ruminants 
and can be effectively used and may replace grains 

in the animal diet. However, these products can be 
used as fresh, they are usually stored dry or ensiled 
due to their high potential for rapid (Kotsampasi et 
al., 2014). 

In previous studies, the use of fresh pomegranate 
peel in the diet of beef calves increased feed in-
take and alpha-tocopherol concentration in plasma 
(Shabtay et al., 2008). Evidence of the beneficial ef-
fects of pomegranate seeds on the antioxidant status 
of goats has been reported (Emami et al., 2015b). 
Few studies have investigated the meat shelf life 
of ruminants fed pomegranate by-products. The re-
searchers reported that, goats were fed with 150 g/
kg (based on dry matter) of pomegranate pulp, more 
stability in fat and meat color was observed (Emami 
et al., 2015a). It has been reported that feeding fresh 
pomegranate peels caused a significant increase in 
feed intake, along with a positive tendency to gain 
body weight in male calves (Shabtay et al., 2008). 
In addition, the use of pomegranate peel at different 
levels (0, 1, 2 or 4%) in the diet of Kurdish lambs im-
proved their growth performance (Sadq et al., 2016). 
It has been reported that diets rich in flavonoids (Liu 
et al., 2018) and natural antioxidants (Velasco and 
Williams, 2011) can improve meat quality (such as 
color, taste, texture, and smell) of lambs. Recently, 
supplementation of small ruminant diets with pome-
granate by-products has been shown to enrich meat 
with potentially health-promoting fatty acids such 
as punicic acids and rumen fatty acids (Natalello et 
al., 2019). In other studies, it was found that the use 
of ensiled pomegranate by-products (EPB) improved 
the antioxidant capacity, nutritional quality and per-
formance of lamb meat (Kotsampasi et al., 2014). 

Therefore, the objective of this study was to 
investigate the effects of dietary supplementation 
of dried and ensiled pomegranate by-products on 
growth performance, blood parameter, and meat 
quality of Blachi lambs.

MATERIALS AND METHODS
localization and ethical manifestation
The study was performed at the livestock farm lo-
cated in Zindajan village of Kashmar city (35°14′ 
N and 58° 27′ E), from April 1401 and for 90 days. 
All experimental procedures with the sheep were 
performed according to regulations established by 
the Animal Protection Law enacted by the Kashmar 
State of Iran (Iranian Council of Animal Care AEC 
approval no. 19293). 
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Preparation of experimental animals and diets  
At the beginning of the breeding period, all male 
lambs were injected with 2 mL of vitamin B-complex 
and 3 mL of vitamin AD3E. The albendazole was 
consumed as anti-parasitic drugs. 

Each lamb was maintained in a 2 m × 2 m con-
crete individual pen and was freely accessed to clean 
water throughout the experimental period. The total 
mixed ration (TMR) was prepared, and given to the 
lambs twice a day (7:00 in the morning and 5 in the 
evening). The ration was adjusted according to the 
Small Ruminant Nutrient System (SRNS) (Tedes-

chi et al., 2010). The components and composition 
of experimental diets are reported in Table 1 and 
Table 2. The analysis of chemical compounds of 
feed including dry matter, organic matter and ash, 
crude protein, crude fat and Neutral detergent fiber 
(NDF) was done according to the AOAC (Chemists 
and Chemists, 1931).

Following a 2 weeks adaptation period, eighteen 
Baluchi male lambs (initial body weight of 28.0±3.5 
kg, 6-month-old) were randomly allocated to three 
experimental diets with 6 replicates for 90 days in-
cluding: Treatment 1 or control: diet without pome-

Table 1. Diet components and chemical composition (based on dry matter percentage)

Diet components
Experimental diets

Control
Diet containing dried 

pomegranate by-
product

Diet containing 
pomegranate by-product 

silage 
Alfalfa 1.32 0.21 0.12
Corn 9.59 9.40 3.54
Bran 0.7 8.5 4.5
Dried Pomegranate by-product - 4.31 -
Pomegranate by-product silage - - 2.27
Mineral and vitamin supplement 0.1 0.1 0.1
Chemical composition (percentage)
Dry matter 89 93 64
Crude protein 12 12 12
Neutral detergent fiber (NDF) 38 64 45
Ash 0.6 5.5 0.5
Crude fat 00.3 75.1 75.1
Calcium 63.0 47.0 46.0
Phosphorus 52.0 41.0 36.0
Metabolizable energy (Mcal/kg) 67.2 68.2 60.2

Table 2. Chemical composition of diet components (percentage in dry matter)

items
Dry 

matter 
(DM)

Crude 
protein 

(CP)

Neutral 
detergent fiber 

(NDF)

Ether 
extract (EE)

Ash pH
Metabolizable 

energy
(ME) (MCal/kg)

Alfalfa 0.94 0.18 0.30 1.2 - - 0.2
corn 0.87 0.9 0.12 5.2 8.1 - 0.3
Dried 
Pomegranate dry 
by-product

0.95 0.12 0.49 5.11 0.2 - 3.2

Pomegranate by-
product silage 0.34 0.17 0.36 5.6 0.2 3.4 1.2
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granate by-products in which the lambs received the 
basic diet. Treatment 2: containing 20% dried pome-
granate seed (50%) and peel pulp (50%). Treatment 
3: containing 20% pomegranate silage containing 
seed (50%) and peel pulp (50%). 

The animals were weighed at the beginning of 
the experiment and the end of the experiment in 
order to calculate the average daily gain (ADG). At 
the beginning of each day before feeding, the feed 
was collected and weighed and the feed intake (FI) 
of each lamb was calculated according to the feed. 
The percentage of feed conversion ratio (FCR) was 
eventually calculated.

Measurement of gas production, pH and 
ammonia
Gas production was measured in 96 hours and the 
resulting parameter was calculated according to the 
standard method of Khe (1988) (Kh, 1988). After 24 
hours, the pH of the contents of the vials was record-
ed using a digital pH meter. To measure ammonia 
concentration, four ml of rumen fermentation liquid 
was mixed with four ml of 0.4 normal hydrochloric 
acid and kept at -20 ˚C until the time of measurement. 
After that, the samples were centrifuged at 3000 g 
for 20 minutes. The upper liquid was used to mea-
sure ammonia nitrogen by the phenol-hypochlorite 
method with a spectrophotometer (CE 1021.1000 SE-
RIES, CECIL instruments, Cambridge, England) at a 
wavelength of 625 nm (Broderick and Kang, 1980).

Analysis of blood biochemical indices and meat 
properties
Blood sampling was measured by kit (Pars Azmoon, 
Iran), before morning feeding from the jugular vein 
of each lamb (Alhidary and Abdelrahman, 2016). 
The measured blood parameters included albumin, 
total protein, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), cholesterol, triglycer-
ide and glucose. 

To investigate meat traits, three of each treatment 

were selected. At the end of the period, the day be-
fore the slaughter, the lambs were deprived of water 
and feed 12 hours before the slaughter. After the 
slaughter, the weight of the carcasses was recorded 
and stored at 4 ° C for 24 hours. The weight of the 
carcass was also recorded. The left -handed muscle 
tissue was sampled and covered with liquid nitro-
gen in aluminum foil after being frozen and kept 
at -80 ° C until measuring. Meat physicochemical 
characteristics, including cooking loss, shear force, 
juiciness, general acceptability, pH, flavour intensity, 
and drip loss were investigated. Additionally, mois-
ture content, total protein, ether extract and meat ash 
were analyzed according to the method of AOAC 
(Chemists and Chemists, 1931).

Statistical analyses
This experiment was conducted as a completely ran-
domized design. Data was analyzed were conducted 
using SAS version 9.4 (version 9.4, SAS Institute 
Inc., Cary, NC, USA). Statistical differences between 
experimental groups were determined using Tukey’s 
test when p ≤ 0.05 was detected. The model used in 
this project is as follows:
Yij = μ + Ti + eij
Yij= the value of each observation in the experiment 
μ= population mean 
Ti =Diet effect 
eij= experimental error   

RESULT 
As indicated by the results in Table 3, the results 
showed that although the use of pomegranate 
by-products does not have a significant effect on 
ADG, FI and FCR of lambs (P<0.05); the highest 
amount of average weight gain was related to the 
treatment containing dried pomegranate by-product 
in the diet (Table 3).

According to the Table 4, Except the constant 
rate of gas production, other rumen parameters were 

Table 3. The effect of using dried and ensiled pomegranate by-products on the performance of 
Balochi ram lambs

Experimental treatment  
SEM P-Value

Control Dried Pomegranate 
by-product

Pomegranate by-
product silage

Weight gain (grams) 81.204 00.205 80.201 78.27 9958.0
Feed intake 54.1410 45.1377 37.1370 32.43 7843.0
Feed conversion ratio 056.7 992.7 377.7 08.1 8263.0
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significantly affected by the experimental treatments 
(P<0.05). The amount of gas production, digestibil-
ity of organic matter and rumen metabolizable en-
ergy in the control treatment (without pomegranate 
by-products) increased significantly compared to 
other experimental treatments (P<0.05). The use 
of dried pomegranate by-product and pomegranate 
by-product silage caused a significant decrease in 
rumen volatile fatty acids, ammonia nitrogen and 
pH compared to the control group (P<0.05). The 
amount of ammonia nitrogen in this study showed a 
significant decrease in treatments containing pome-
granate products compared to the control, and the 

lowest amount was related to dried pomegranate 
by-product. 

As shown in Table 5, the results showed that 
although the use of pomegranate by-products has 
a significant effect on blood cholesterol (P<0.05), 
other biochemical indicators including albumin, to-
tal protein, creatinine, triglyceride, glucose, alanine 
aminotransferase, aspartate aminotransferase were 
not affected by the experimental treatments (P>0.05).

As shown in Table 6, the use of pomegranate 
by-products did not have a significant effect on the 
meat characteristics of the lambs (P<0.05). 

Table 4. The effect of using dried and ensiled pomegranate by-products on the rumen metabolites of 
Balochi male lambs

Rumen metabolites 
Experimental treatment 

SEM P-Value
Control Pomegranate 

dry by-product
Pomegranate by-

product silage
Ammonia nitrogen a 64.11 b 85.8 ab 88.10 63.0 0199.0

pH a 55.6 ab 96.5 b 73.5 17.0 0094.0

Gas produced in 24 hours a 03.118 b 78.101 c 15.89 90.2 0004.0

Gas produced in 48 hours a 14.143 b 25.120 b 78.103 48.5 0024.0

Gas produced in 96 hours a 61.162 b 97.135 b 01.116 98.6 0034.0

Rate constant of gas production (c) 027.0 021.0 021.0 003.0 4506.0

Organic matter digestibility (%) OMD a 92.35 b 02.33 c 79.30 510.0 0004.0

Metabolizable energy (Mcal/kg) a 49.12 b 88.11 b 88.11 061.0 002.0

Volatile fatty acids a 51 .0 b 44.0 c 39.0 012.0 0004.0
abc Different letters indicate statistically significant differences (P≤0.05).

Table 5. The effect of using dried and ensiled pomegranate by-products on blood biochemical indices 
of Baluchi ram lambs

Blood biochemical parameters
Experimental treatment

SEM P-Value
Control Dried Pomegranate 

by-product
Pomegranate by-

product silage  
Albumin (mg/dl) 89.3 62.3 75.3 34.0 8586.0
total protein (mg/dl) 05.6 29.6 48.6 23.0 4630.0
Creatinine (mg/dl) 14.1 12.1 18.1 09.0 9141.0
Triglycerides (mmol/dl) 21.38 58.36 59.35 53.1 4916.0
Cholesterol (g/dl) a 38.70 ab 53 .68 b 13.64 08.1 0030.0
Glucose (mg.d) 97.65 11.68 46.71 70.1 1024.0
Alanine aminotransferase (UL) 32.17 57.17 54.17 24.1 9766.0
aspartate aminotransferase (UL) 85.86 57.84 91.88 49.4 7938.0
abc Different letters indicate statistically significant differences (P≤0.05).
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In Table 7, Experimental treatments had no sig-
nificant effect on moisture, protein, ether extract and 
meat ash (P<0.05). Although the percentage of ether 
extract and ash were not significant, they tended to 
increase and the amount of meat protein was very 
close to significance.

DISCUSSION 
It was also found that pomegranate silage up to 240 
g/kg DM could be used in the diet of growing lambs, 
in complete replacement with hay, without negative 
effects on the animal’s productive traits (Kotsampasi 
et al., 2014). Similar to the results of the present 
study, the use of 20% of pomegranate by-products 
in the diet of lambs had no effect on weight gain 
(Natalello et al., 2019). In the present study, lamb 
fed with dried pomegranate by-product showed the 
highest average weight gain, although it was not 
statistically significant. This weight gain may be due 
to the presence of compounds such as fiber, protein, 
minerals and various vitamins in pomegranate (thia-
mine, riboflavin, tocopherol, ascorbic acid, etc.) that 

have beneficial effects on ruminants (El-Hamamsy 
and El-Khamissi, 2020). Also,  Researchers stated 
that tannin-containing feed decreases the protein 
digestion rate, increases microbial protein synthe-
sis in the rumen, and decreases methanogenesis 
(Mergeduš et al., 2018). because, the tannin presents 
in pomegranate products (Sadq et al., 2016) make 
complexes with the proteins and act as a protective 
material for protein, delays protein degradation in 
the rumen, and increases its flow to the abomasum 
and small intestine (place of enzymatic digestion), 
leads to an increase in the weight of the animal. 
In addition to, the weight gain may also occur due 
to the improvement of nitrogen balance in the ru-
men and reduction of nitrogen loss in the form of 
ammonia gas, improving the rumen environment 
and increasing the formation of microbial protein, 
which leads to an increase in protein synthesis in the 
body (Abarghuei et al., 2013). Although, the high 
concentration of tannin reduced the digestibility of 
carbohydrate and hemicellulose in the rumen, the 
digestibility increased after the rumen (Mergeduš et 

Table 6. The effect of using dried and ensiled pomegranate by-products on the meat characteristics of 
Balochi ram lambs

Characteristics of meat
Experimental treatment

SEM P-Value
Control Dried Pomegranate 

by-product
Pomegranate by-

product silage  
cooking loss (percentage) 38.32 29.33 27.33 43.2 9551.0
Shear force (kg) 53.4 89.4 73.4 22.0 5514.0
Juiciness1 65.5 57.5 40.5 18.0 7228.0
General acceptability1 16.5 33.5 12.5 18.0 6867.0
pH 44.5 57.5 73.5 13.0 3261.0
Flavour intensity 1 05.6 09.6 21.6 26.0 84476.0
Drip loss 77.3 73.3 9072.3 45.0 9619.0

abc Different letters indicate statistically significant differences (P≤0.05).
2 Scale 1 to 8: Scale: 1: less, dry and unpleasant and desirable taste, 8: contains highly watered, delicious and desirable meat aroma.

Table 7. The effect of using dried and ensiled pomegranate by-products on the blood components of 
Balochi male lambs

The percentage of meat 
components

Experimental treatment

SEM P-Value
Control

dried 
Pomegranate by-

product

Pomegranate 
silage by-product

Humidity 32.72 23.71 66.71 95.0 72.0
Protein 26.21 47.20 43.22 51.0 056.0
Ether extract 54.0 73.0 64.0 20.0 46.0
Ash 43.1 49.1 67.1 10.0 2931.0
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al., 2018). In addition, tannins reduce gas production 
from feed starch (Mergeduš et al., 2018). Reduction 
of methane and ammonia nitrogen causes nitrog-
enous compounds to be converted into microbial 
protein (Matthews et al., 2019). In addition, tan-
nins can reduce the rumen biohydrogenation process 
and increase the flow of unsaturated fatty acids to 
the duodenum, but this effect is dependent on the 
tannin dose. As a result, tannins improve nitrogen 
utilization efficiency by retaining more nitrogen in 
the body (Besharati et al., 2022).

Similar to the present study and other studies, it 
was found that when different levels (0, 5.0, 1 and 
2%) of dried pomegranate by-product were used in 
the diet of lambs, their feed intake was reduced and 
feed conversion was improved (Omer et al., 2019). 
This could be due to the fact that high concentrations 
of tannins may reduce feed intake, digestibility of 
protein and carbohydrates, as well as animal perfor-
mance through their negative effect on palatability 
and digestibility of feed nutrients (Kotsampasi et 
al., 2014). It could be a reason for the decrease in 
feed consumption in the treatments containing pome-
granate by-products compared to the control in the 
present study. On the other hand, low and medium 
concentrations of condensed tannins (20 to 45 mg/g 
DM) in the diet may improve production without in-
creasing feed intake by preventing bloat and increas-
ing the flow of non-ammonia nitrogen and essential 
amino acids from the rumen (Min et al., 2003). In 
the present study, although the amount of tannin in 
the treatments containing pomegranate by-products 
is higher than the control, no significant difference 
was observed between the experimental treatments 
on the performance of lambs, which indicates the 
controversial effect of tannins on the performance 
of ruminants. Several factors could make the effect 
of tannin negative, positive or indifferent. This may 
be due to the chemical composition or different type 
of tannins, dosage, metabolic status of the animals, 
species and the diet to which tannins were added 
(Patra and Saxena, 2011). They were characterized 
by high chemical structural diversity, with results 
that cannot be easily generalized from one type of 
tannin to another (Rodríguez et al., 2013). 

The amount of ammonia nitrogen in this study 
showed a significant decrease in treatments contain-
ing pomegranate products compared to the control, 
and the lowest amount was related to lambs fed with 
dried pomegranate by-products group. In other stud-
ies, where plants containing condensed tannins were 

used in animal feed, reduction of ammonia nitrogen 
in the rumen was observed (Carulla et al., 2005). In 
past studies, a positive correlation between rumen 
ammonia nitrogen production and crude protein has 
been reported (Getachew et al., 2004). Due to the 
formation of a complex between the tannins in pome-
granate products and protein, and as a result, creating 
less accessibility for raw protein and restricting ef-
fects of proteolytic enzymes, there is a reason for the 
reduction of ammonia nitrogen in the experimental 
treatments compared to the control group (Frutos et 
al., 2004). On the other hand, it has been considered 
that, tannins by affecting the rumen microbial popu-
lation, may cause changes in rumen parameters such 
as ammonia and volatile fatty acids. The decrease 
in ammonia nitrogen in the rumen can be due to the 
decrease in the number of protozoa, which plays 
an important role in the breakdown of dietary pro-
tein (Newbold et al., 1995). Probably, tannins can 
reduce ammonia nitrogen in the rumen by limiting 
the growth and activity of certain bacteria such as 
ammonia-producing bacteria that have deaminase 
activity (Newbold et al., 2004). It is known that the 
phenolic group of tannins is a strong hydrogen donor 
to bond with the carboxyl group of proteins. This 
characteristic of tannins increases their tendency 
to form bonds with proteins, which can reduce the 
amount of ammonia produced in the rumen (Ge-
tachew et al., 2004). Also, by increasing the secretion 
of salivary glycoproteins, tannins decrease the rate 
of protein decomposition and ammonia production 
in the rumen (Reed et al., 1990).

In this study, experimental treatments caused 
a significant decrease in rumen pH. Similar to the 
results of the present study, other researchers also 
reported that the rumen pH decreases when using 
tannin in ruminant diets (Yanez Ruiz et al., 2004). 
The reason for the decrease in pH in the present 
study may be due to a change in the growth pattern 
of rumen bacteria, especially cellulolytic bacteria 
(Gee et al., 1996).

The gas produced in 24, 48 and 96 hours in the 
control treatment was significantly higher than the 
treatments containing pomegranate by-products. 
Furthermore, the groups used dried pomegranate 
by-product showed more gas production than the 
groups used pomegranate by-product silage simi-
lar result with Shabtay et al (2008) (Shabtay et al., 
2008). It is noteworthy, the use of tannin sources in 
sheep (Carulla et al., 2005) and dairy cows (Grainger 
et al., 2009) caused a decrease in the activity of 
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methanogens, followed by a decrease in gas pro-
duction; However, in another study, no significant 
difference was observed between the gas produc-
tion of dried and ensiled pomegranate products 
(Taher-Maddah et al., 2012). It has been found that 
gas production has a negative correlation with the 
bacteria cell wall (De Boever et al., 2005). In gen-
eral, the chemical compounds in plants can reduce 
the production of hydrogen (substrate for bacteria) 
through a direct effect on bacteria and an indirect 
effect on the digestion of raw fiber, thus affecting 
methanogenic bacteria and gas production in the 
rumen (Tavendale et al., 2005).

In this study, the use of pomegranate by-products 
in the diet caused a significant decrease in volatile 
fatty acids and metabolizable energy. In other stud-
ies, pomegranate peel silage had less metabolizable 
energy and short chain fatty acids than its dried form 
(Shabtay et al., 2008). The reduction of metaboliz-
able energy and fatty acids in ensiled pomegran-
ate by-products may be due to the difference in the 
chemical composition of pomegranate silage com-
pared to its dried form. Also, in this study, the reason 
for the observed decrease in volatile fatty acids may 
be due to the decrease in crude protein digestion. 

In line with the results obtained in this study, 
Shabtay et al., (2008) reported that the digestibility 
of organic matter for pomegranate silage and pome-
granate peel was 63 and 2.76, respectively. Also, 
these researchers stated that, ensiling reduced the 
digestibility of organic matter (Shabtay et al., 2008). 
This reduction may be due to the digestibility of or-
ganic matter to the reduction of rumen degradability, 
the formation of bonds between tannins with dietary 
protein and carbohydrates, the reduction of the ac-
tivity of cellulolytic and proteolytic bacteria, and 
the general fermentation of the rumen (Muhammed 
et al., 1994).

Studies showed that the use of 0, 400, 800 and 
1200 mg of pomegranate peel extract in the diet 
of dairy cows did not have a significant effect on 
glucose, albumin, total protein and triglyceride in 
the blood of cows, but it significantly reduced cho-
lesterol (Abarghuei et al., 2013). It has been well 
established that saponins in pomegranate peel form 
insoluble complexes with cholesterol (Nasri and 
Salem, 2012). It has been said that the main effect 
of pomegranate saponins on blood cholesterol is 
through a direct connection between saponin and 
dietary cholesterol in the intestine, which prevents 
its absorption from the small intestine. Second, the 

binding between saponin and bile acids in the in-
testine may lead to a decrease in the hepatic blood 
circulation of bile acids and an increase in the ex-
cretion of cholesterol in the feces.  

The normal range of ALT and AST enzymes 
in lamb is 5-21.6 and 36-115 IU/L, respective-
ly (Al-Hadithy, 2013). Therefore, in the present 
study, it was determined that the use of pomegran-
ate by-products did not cause liver damage. Similar 
to this review, in a study, the use of tannin in the 
diet of sheep and goats had no effect on the con-
centration of creatine, ALT, and AST (Salem et al., 
2011). In contrast, researcher showed that the use 
of chestnut hydrolysable tannin to lambs’ diet at 
08.2% DM, increased the activity of ALT and AST 
enzymes without effect on blood creatine (Frutos et 
al., 2004). This difference in the results may be due 
to the difference in the plant used in the diet and the 
design of the experiment. 

In the present study, the effect of treatments on 
blood glucose and triglycerides was not dramatically 
change which corresponds to no significant change in 
feed consumption. It has been said that the presence 
of condensed tannin in the diet increases the molar 
ratio of propionate, which is a glucogenic precursor 
formed in the rumen, therefore it is expected to in-
crease blood glucose concentration (Abarghuei et al., 
2013). In the present study, although the treatments 
had no significant effect on blood glucose, its value 
tended to increase. Furthermore, the concentration 
of total protein and albumin was not affected by the 
experimental treatments, which is consistent with the 
results of Salem et al., 2011. It is possible that the 
decrease in serum albumin level is due to less feed 
consumption and less protein intake in the present 
study.

According to the results of the present study, the 
use of different levels of tannin in the diet had no 
effect on the loss of cooking, juiciness and sheer 
force of meat (Dentinho et al., 2020; Pimentel et 
al., 2021). It has been determined that the two in-
dices of cooking loss and shear force required for 
meat crispiness are among the influencing factors in 
meat quality and choice by consumers. These factors 
are influenced by the amount of fat stored in the 
meat, the degree of fatness and the final pH of the 
meat (Priolo et al., 2001). Muscle fat separates the 
connective tissue inside the muscle and reduces the 
density of collagen fibers (Koohmaraie, 1996). The 
acceptable shear force for lamb is considered to be 3 
kg, and if this number reaches 6 kg, it is unacceptable 
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(Watanabe et al., 1996). In this study and according 
to other reviewer, the shear force and meat quality 
were acceptable (Guerreiro et al., 2020).

It was shown that the use of pomegranate silage 
up to 240 g/kg DM in the diet of lambs has no effect 
on moisture, protein and ash of meat, while meat 
fat increased (Kotsampasi et al., 2014). According 
to the results of the present study, the inclusion of 
pomegranate by-products in the diet of lambs may 
not be enough to change the meat properties, but it 
will improve the quality of the meat to some extent.

CONCLUSION
In the present study, Although the use of pomegran-
ate by-products had no significant effect on feed 
consumption, daily weight gain and feed conversion 
ratio of Baluchi male lambs, best daily weight gain 
and feed conversion ratio was related to dry pome-
granate by-products. Except the constant rate of gas 
production, other rumen parameters were signifi-
cantly affected by the experimental treatments. The 

amount of in vitro gas production, organic matter 
digestibility and rumen metabolizable energy in the 
experimental treatments were significantly reduced 
compared to the control group. The results showed 
that the use of pomegranate by-products does not 
have a significant effect on physicochemical prop-
erties and components of lamb meat. Additionally, 
none of the blood biochemical parameters except 
cholesterol were affected by the experimental treat-
ments. The amount of alanine aminotransferase en-
zyme was the lowest in the treatment containing 
dried pomegranate by-products. Finally, the results 
of this study showed that although dried pomegran-
ate products have nutritional value, pomegranate si-
lage can reduce the amount of tannin in it to a greater 
extent. As a result, pomegranate silage can be used 
in animal feed. According to the previous studies, 
different types and concentrations of tannins have 
different effects on animal performance, so it is better 
to investigate the long-term effects of pomegranate 
products on young animals. 
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