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Growth Parameters and Carcass Traits of Awassi Male Lambs Fed On Grape and Olive Pomace
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Abstract

This study evaluated the impact of grape and olive pomace dietary supplementation on the growth parameters and ultrasound
carcass traits of Awassi lambs. Fifteen male Awassi lambs aged three months with an average initial body weight of 24.86 +
0.79 kg were allocated randomly into three treatments. Lambs in the first treatment or control group (T1) were fed a base diet
including 70% concentrate and 30% roughage. The second (T2) and third (T3) groups received a base diet plus 70%
concentrate, 10% roughage and 20% grape or olive pomace, respectively. Their growth performance, biochemical blood
parameters, and carcass traits were evaluated. Carcass traits were assessed on live animals using ultrasound equipment. Diet
supplementation with grape pomace enhanced growth performance, carcass traits, and antioxidant indexes, and reduced feed
costs of lambs. Meanwhile, adding olive pomace reduced feed intake, and enhanced serum antioxidant index but did not affect
the carcass traits of lambs. Lambs fed grape pomace showed greater effectiveness in enhancing growth performance, which
resulted in higher profitability compared to those fed olive pomace or in the control diet. Incorporating agro-industrial by-
products identical to grape pomace into the diets of fattening lambs offers a beneficial strategy for improving their growth
performance and carcass quality.

Keywords: Awassi lambs, carcass traits, Grape pomace, Growth performance, olive pomace

Address for Correspondence

* Correspondence to: Sh. A. Qader, Department of Animal Production and Health, College of Agricultural Engineering Sciences, Salahaddin University-

Erbil, Kurdistan Region, Iraq. E-mail: shokhanaqdr08@gmail.com

Received: 2025-10-15

Accepted: 2026-02-09 Published: 2026-06-30

DOI: https://doi.org/10.32649/ajas.2025.163211.1765

How to cite this article: Qader, S. A., and Aziz, N. M. (2026). Growth Parameters and Carcass Traits of Awassi Male Lambs Fed On Grape and

Olive Pomace. Anbar Journal of Agricultural Sciences, 24(2), 407-416. https://doi.org/10.32649/ajas.2025.163211.1765

Introduction

Sheep farming is one of the most economically
important agricultural activities worldwide. Developing
certified products of designated origin and ecological
practices, alongside sustainable quality enhancement of
sheep meat and its products, can significantly improve
profitability for sheep farmers and the industry 25.
Today's consumers increasingly prefer products with
quality certifications and are attentive to farming
methods that ensure animal welfare and protect regional
breeds. Carcass quality is multifaceted, encompassing
organoleptic, nutritional, and microbiological traits, all
of which are influenced by genetic and environmental
factors. Amongst the environmental factors, the most
significant event that takes place during the fattening

process is nutrition 11, a key factor in enhancing sheep's
healthiness and wellbeing, eventually impacting the
profitability of fattening operations 5.

To achieve excellent growth performance, sheep
require a steady supply of feed with balanced nutrition.
Unfortunately, intensive sheep farming in agricultural
areas has been hindered by persistent shortages of high-
quality fodder caused by limited land and seasonal
variations which make it difficult to ensure a steady and
abundant supply for livestock 19. Hence, management
and feeding expenses need to be adjusted. In addition to
reducing profits and increasing the value of products,
innovations in animal production and carcass quality
have looked for technological alternatives using surplus
resources 10, given that herd nutrition expenditures
make up between 50 and 70 percent of production costs.
Therefore, it is vital to look for substitute foods to

include in ruminant diets 17.
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Natural agro-industrial by-products derived from
grape and olive processing, particularly grape and olive
pomace, represent sustainable alternative feed resources
that can reduce animal feeding costs and improve
production profitability 25, 9. Furthermore, the use of
these by-products may also yield environmental
advantages, as their accumulation in natural ecosystems
is associated with considerable ecological hazards. The
agro-industrial by-product grape pomace (GP) is valued
for its substantial nutritional profile, being a rich source
of phenolic compounds including epicatechin,
anthocyanins, and catechins that exhibit strong
antioxidant activity 2, 24, 28, 23. Moreover, the
inclusion of GP to an animal's diet enhances the
performance of carcass meat production 18. GP is among
the most ideal options for feeding animals due to its high
polyphenols. Nevertheless, excessive amounts of dietary
polyphenols can be harmful to animal health 20.

Olive pomace (OP) represents a sustainable and cost-
effective feed ingredient for ruminants, providing
significant nutritional value while avoiding expensive
and redundant extraction processes 14, 7. The solid
residue that remains after extracting olive oil is known as
olive pomace, olive cake, or olive husk 22, 29. However,
to enhance animal health and performance, there has
been growing interest in the extraction of bioactive

compounds such as polyphenols, oleuropein, flavonoids,
and simple phenolics from plant-based sources,
including olive by-products 16. Consumers are
increasingly seeking lamb meat that is of higher quality
and lower fat content, and the inclusion of OP in
ruminant diets may help achieve this. The high oleic acid
content of olive pomace can further enhance the
nutritional value of lamb for human consumption. A
study by 30 showed that dietary inclusion of OP in lamb
feed has been reported to influence subcutaneous fat
composition, enhance the oxidative stability of meat
lipids, and modulate intramuscular fatty acid
composition.

In recent years, the inclusion of grape and olive
pomace in animal feed has attracted significant interest
owing to their potential to improve performance, carcass
quality, and the shelf life of meat products. However,
there is currently insufficient systematic research on the
partial replacement of forage in mixed concentrate diets
with grape and olive by-products to enhance growth,
health, and carcass quality in fattening lambs. This study
thus evaluates the effects of substituting a portion of the
forage with grape or olive pomace on lamb growth
performance and carcass characteristics.

Materials and Methods

Table 1. Ingredients and composition of the experimental diet

Treatments
Ingredients %
T1 T2 T3
Wheat Bran 24.15 24.15 24.15
Barley 21 21 21
Corn 9.45 9.45 9.45
Soybean Meal 9.1 9.1 9.1
Wheat Flour 3.5 3.5 3.5
Greenmix Dairy 2.5% 1.12 1.12 1.12
Limestone 0.7 0.7 0.7
Salt 0.42 0.42 0.42
Soya Oil 0.35 0.35 0.35
Toxbond 0.21 0.21 0.21
Roughage (wheat straw) 30 10 10
Grape Pomace 0 20 0
Olive Pomace 0 0 20

Chemical composition of experimental feeds (% dry matter)

Dry Matter
Metabolizable Energy Meal/Kg
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88.12 88 87
1.887 2.227 2.196
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Treatments
Ingredients %
T1 T2 T3
Crude Protein 12.22 12.84 124
Crude Fat 14.5 7.1 8.12
Fiber 5.22 10.2 14.68
Ash 5.61 5.54 4.74
Calcium 0.3193 0.3193 0.3193
Total Phosphorus 0.4549 0.4549 0.4549
Sodium 0.1902 0.1902 0.1902
Potassium 0.6187 0.6187 0.6187
Chloride 0.3047 0.3047 0.3047
Protein Bypass 3.3659 3.3659 3.3659
Net Energy Gain Meal/Kg 0.7251 0.7251 0.7251
ADF 19.39 16.59 19.59
NDF 36.65 32.65 3291
Lignin 1.2894 1.2894 1.2894
TDN 48 48 48
NFE 50.6 52.3 46.86
Cost ID 376000 359000 361000

ADEF: acid detergent fiber, NDF: neutral detergent fiber, TDN: total digestible nutrient, NFE: nitrogen free extract, ID: Iragi dinar

Experimental Animals and Housing

The feeding trial was conducted at the Kosar
Company local farm in Erbil city, Kurdistan Region,
Iraq. The experiment, over 81 days, consisted of a 12-
day acclimatization period followed by a 69-day
experimental period, from January 10 to March 19, 2025.
Fifteen Awassi male lambs aged three months with
average initial body weight of 24.86 + 0.79 kg/lamb
were used. All lambs were maintained under identical
environmental, managerial, and hygienic conditions.
After weaning and completion of the 12-day
acclimatization period, they were individually fed and
randomly allocated to one of three treatment groups. In
the first treatment (T1), the lambs were offered a basal
diet containing 70% concentrate and 30% roughage,
while those in the second (T2) and third (T3) treatments
received diets in which 20% of the roughage was
replaced with grape or olive pomace, maintaining 70%
concentrate and 10% roughage. The roughage was wheat
straw. For each treatment, five lambs were housed in
individual pens, with each pen containing a dedicated
feeder and water trough.
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All lambs had access to clean water, and diets were
offered daily at 4% of their body weight, divided into
two feedings at 07:00 and 16:00. Drinking water was
provided ad libitum throughout the experimental period.
Throughout the experiment, the lambs were weighed
weekly before the morning feeding, and their daily feed
intake and refusals were recorded. The ingredients and
chemical composition of the experimental diets are
presented in Table 1.

Grape Pomace Preparation

The GP used in this study was obtained from
wineries in Shaqglawa (Erbil, Kurdistan Region, Iraq)
following juice extraction. It was air-dried, then
incorporated and thoroughly mixed with the basal diet.
Its chemical composition was analyzed at the Kosar feed
mill factory (Kosar laboratory) according to the methods
of the Association of Official Agricultural Chemists 4,
revealing crude protein (7%), fat (4.63%), crude fiber
(26.3%), ash (6.3%), dry matter (89.39%), and nitrogen-
free extract (45.16%).

Olive Pomace Preparation

The OP used in this study was obtained from the
Erbil Olive Oil Factory (Erbil, Kurdistan Region, Iraq).
It was air-dried, then incorporated and thoroughly mixed
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with the basal diet. Its chemical composition was
analyzed at the Kosar feed mill factory (Kosar
laboratory) following the methods of the Association of
Official Agricultural Chemists 4, revealing crude protein
(4.8%), fat (10.03%), crude fiber (50.47%), ash (2.41%),
dry matter (86.54%), and nitrogen-free extract (18.83%).

Growth Performance

After the acclimatization period, the lambs were
weighed to determine their initial body weight, and
subsequent weights were recorded at weekly intervals.
Daily feed intake (DFI), total body weight (TBW), body
measurements (BM), and growth period (GP) were
monitored. From these data, the average daily intake
(ADI), average daily gain (ADG), feed efficiency (FE;
kg weight gain/kg feed intake), and feed conversion ratio
(FCR; kg feed intake per kg weight gain) were
calculated.

The assessment of growth performance was based on
periodic measurements of body weight and the
determination of average daily gain (ADG) throughout
the experimental period. Initial body weight (IBW) was
recorded on Day 0 using a digital livestock scale
(precision + 0.1 kg), with all lambs weighed individually.
Daily feed intake was determined by recording the
quantity of feed offered and refused, which was
subsequently used to calculate the feed conversion ratio
(FCR). All procedures adhered to the institutional
guidelines for the care and welfare of experimental
animals.

Blood Parameters

To minimize stress, the animals were gently
restrained, and blood sampling was performed in the
morning at the end of the experiment to reduce diurnal
variation. All equipment was sterilized, and the sampling
site was disinfected prior to venipuncture. Blood samples
were collected from lambs via jugular venipuncture
using sterile disposable vacutainer needles and collection
tubes. For hematological analysis, the blood samples
were collected into tubes containing
ethylenediaminetetraacetic  acid (EDTA) as an
anticoagulant. For biochemical analysis, blood was
drawn into plain tubes without an anticoagulant, allowed
to clot at room temperature, and then centrifuged at 3000
rpm for 10-15 minutes to obtain serum. The serum
biochemical parameters were subsequently analyzed
using a semi-automated or fully automated clinical
chemistry analyzer.
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The measured parameters included urea, creatinine,
cholesterol, triglycerides, total protein, albumin,
globulin, glutamate oxaloacetate transaminase (GOT),
glutamate pyruvate transaminase (GPD),
malondialdehyde (MDA), total antioxidant capacity
(TAC), and glutathione peroxidase (GPx). All procedures
were performed in accordance with standard veterinary
protocols for blood collection and analysis in small

ruminants.

Ultrasound for Evaluating Carcass Characteristics

Real-time ultrasound scanning was employed as a
non-invasive technique to assess carcass traits in vivo.
Using a portable ultrasound unit (ESAOTE Pie Medical
AQUILA-410853) with a 3.5 MHz linear array
transducer, images were captured at the 12th—13th rib
interface to visualize the longissimus dorsi muscle. Prior
to ultrasound scanning, wool at the measurement site
was carefully clipped, and an adequate amount of
acoustic coupling gel was applied to ensure proper
transducer—skin contact and high-quality —image
acquisition.

The following parameters were measured from the
ultrasound images: Subcutaneous fat thickness (FT):
measured in cm over the longissimus muscle. Loin
muscle thickness (LT) was measured as the vertical
distance from the top of the muscle to the vertebral
column, while loin area (LA) was measured in square
centimeters by tracing the muscle boundary. Ultrasound
yield grade (YG) was also estimated using a standard
yield grade equation based on fat thickness and loin area.
To ensure consistency and accuracy, all ultrasound
measurements were performed by a trained and
experienced specialist. At the conclusion of the
experiment, ultrasound scans were conducted, and data
were collected to assess carcass quality and compare the
experimental groups.

Cost and Feed Efficiency

For economic evaluation, the net return was
calculated as the difference between revenue from the
sale of fattened lambs and the associated production
costs, with the latter determined according to market
prices at the time of the study. Live lambs were
purchased at 8,900 ID/kg and sold at 9,000 ID/kg. Fixed
labor costs were 200,000 ID per head per month,
amounting to 500,000 ID for the duration of the
experiment, equivalent to 33,300 ID per lamb. The
concentrate diet cost 376, 359, and 361 ID/kg for T1, T2,
and T3, respectively, whereas roughage (wheat straw)
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was priced at 133.33 ID/kg. The profitability was
calculated as the difference between the selling prices of
carcass and non-carcass and the total costs incurred in
producing Awassi male lambs as outlined below:

Profit = Total selling price of live animal - Total costs
during animal rearing in fattening periods

Statistical Analysis

The experiment followed a completely randomized
design. Data obtained for all parameters were analyzed
using the generalized linear model (GLM) procedure of
Statistical Analysis System package (SAS) Version 9.1.3
software (SAS Institute Inc., Cary, NC, USA) 25, where
the parameters fitted as dependent variables and diet as
fixed effect. Duncan's multiple range test was used to
separate the means of the tested parameters. The level of
statistical significance was set at P<0.05.

Results and Discussion

The findings of this study are expressed as mean +
standard error. During the experimental period, growth
performance differed depending on the feeding regime
and geographical location. Table 2 on the growth
performance parameters of the lambs supplemented with
grape (GP) and olive (OP) pomace shows that initial
body weight and daily feed intake did not differ
significantly among treatments. However, final body
weight, total body weight gain, average daily gain, total
feed intake, feed conversion ratio, and feed efficiency
showed significant differences (P < 0.05). The similarity
in initial body weights across all groups (24.81-24.99
kg) confirm proper animal selection and random
allocation to experimental treatments.

Lambs in T2 achieved the highest final body weight
(40.20 + 2.51 kg) due to higher metabolizable energy
content in GP, which was significantly greater than that
of T3 (36.00 + 1.26 kg). There is evidence showing that
elevated OP levels may lower feed intake and nutritional
digestibility 21. As GP is a substantial source of protein,
higher dietary inclusion levels were anticipated to
improve growth performance in fattening lambs.
Interestingly, the treatment containing 10% GP exhibited
the highest final body weight (45.28 kg) 6. Neither T2
nor T3 differed significantly from the control group (T1),
which showed an intermediate final body weight (37.80
+ 1.15 kg).
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Similar to final body weight, total body weight gain
was significantly influenced by dietary treatment (P <
0.05). The T2 group gained the highest total body weight
(15.21 + 1.53 kg) due to higher metabolizable energy
content in GP and the high total feed intake consumed,
which was significantly greater than for the T3 group
(11.22 + 1.28 kg). The T1 group achieved a total body
weight gain of 12.99 + 0.66 kg, falling between the gains
in T2 and T3. Lambs in the T2 group exhibited
significantly higher average daily gain (ADG) at 0.22 +
0.02 kg/day compared to the T3 group (0.162 + 0.01
kg/day), likely due to higher feed intake in T2 and the
palatability sweet taste of grape pomace. The T1 group
had an ADG of 0.188 + 0.01 kg/day, not significantly
different from either T2 or T3. The T2 group consumed
the highest total feed at 70.60 + 3.83 kg, compared to
60.85 + 3.40 kg by the T3 group, whereas in treatment,
the diet containing 20% GP had the lowest DFI value of
1.04 kg 6. The T1 group consumed 65.93 + 3.01 kg of
feed while T2 showed a trend toward higher
consumption.

Feed conversion ratios (FCR) were significantly
influenced by dietary treatment (P < 0.05). The T2 group
exhibited the most favorable FCR at 4.76 + 0.37 kg
feed/kg gain compared to T3 (5.69 + 0.63 kg feed/kg
gain) and T1 (5.13 £ 0.38 kg feed/kg gain). The observed
improvements in FCR and growth performance may be
associated with the dietary inclusion of GP 6. The
superior FCR observed in the T2 group indicates
improved productivity, as less feed was required to
achieve a given body weight. Whereas 6 showed that
higher levels of GP (15 and 20%) had a detrimental
effect, leading to a significant decrease in DMI and ADG
and a deterioration in the FCR.

The results of this study indicated that feed efficiency
(FE) was also considerably impacted. It was highest in
the T2 group (0.210 + 0.01 kg gain/kg feed) compared to
T3 (0.188 + 0.02 kg gain/kg feed) and T1 (0.198 + 0.01
kg gain/kg feed). The improved FCR in lambs receiving
grape pomace supplementation may be due to its
abundant polyphenols, which are known to alleviate
stress and promote overall health, as reported by 8. It has
been stated that incorporating GP into the diet of
fattening small ruminants, including lambs, enhances
performance parameters, including feed efficiency,
owing to its rich polyphenolic content.
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Table 2. The impact of grape and olive pomace diet supplementation on the growth performance of Awassi lambs

Treatment’
Traits P value*
T1 T2 T3

Initial body weight (kg) 2481 +1.19 24.99 + 1.65 24.78 + 1.57 0.9942
Final body weight (kg) 37.80 + 1.15° 40.20 + 2.51° 36.00 + 1.26° 0.0276
Total body weight (kg) 12.99 + 0.66% 15.21 + 1.53° 11.22 +1.28" 0.0408
Average daily gain (kg) 0.190 + 0.01% 0.22 +0.02° 0.162 + 0.01° 0.0501
Total feed intake (kg) 65.93 + 3.01 70.60 + 3.832 60.85 + 3.40° 0.0160
Daily feed intake (kg) 0.96 + 0.04 1.02 +0.05 0.88 + 0.04 0.0597
FCR (kg feed/kg gain)? 5.13 + 0.38% 4.76 + 0.37° 5.69 + 0.63° 0.0412
FE (kg gain/feed kg)® 0.20 + 0.01° 0.21 +0.01° 0.19 + 0.02° 0.0538

T1 = 70% concentrate + 30% hay, T2 = 70% concentrate + 10% hay + 20% GP, T3 = 70% concentrate +10% hay + 20% OP.

2FCR = feed convention ratio, °FE = feed efficiency.

“Means with different letters within rows differ significantly at P < 0.05 according to Duncan's test.

Blood and biochemical parameters, which are
essential for evaluating animal activity, health status,
immune function, and productive traits, are influenced
by factors such as breed, age, sex, season, physiological
state, and nutrition 1. The blood metabolite profiles of
the Awassi lambs fed diets supplemented with GP or OP
are presented in Table 3. The inclusion of GP and OP in
the diet significantly influenced (P < 0.05) the serum
concentrations of urea, creatinine, cholesterol,
triglycerides, total protein, albumin, globulin, GOT, and
GPT.

The T3 group lambs were associated with higher
levels of urea (44.6mg/dl), creatinine (0.845 mg/dl),
triglyceride (21.8 mg/dl), total protein (4.055 g/dl),
albumin (3.16 g/dl), GOT (180 IU/L), and globulin
(0.895 g/dl), while cholesterol (55.45 mg/dl) and GPT
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(16.9 TU/L) were low compared to the T1 and T2 groups.
These results are consistent with 3, who demonstrated
that the including OP in lamb diets increased blood
biochemical parameters, suggesting greater metabolic
activity and improved liver function. In comparison with
the T1 group, the T2 group demonstrated elevated
concentrations of urea (46.7 mg/dl), triglyceride (21.25
mg/dl), total protein (3.97 g/dl), albumin (3.155 g/dl) and
globulin (0.815 g/dl).

The significant modulation of key blood metabolites
by both pomaces reflects their unique nutritional
composition and bioactivity. The observed effects may
be mediated by their abundant phenolic compounds,
which exert potent antioxidant properties that reduce
oxidative stress.
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Table 3. The impact of grape and olive pomace diet supplementation on blood metabolites parameters in Awassi lambs

Treatment!
Traits P value®
T1 T2 T3

Urea (mg/dl) 36.5 + 0.28° 46.7 £ 0.17° 446 +0.23° <0.0001
Creatinine (mg/dl) 0.69 +0.01° 0.68 +0.01° 0.845+0.01° <0.0001
Cholesterol (mg/dl) 61.77 £ 0.13° 57.5 + 0.29° 55.45 + 0.32¢ <0.0001
Triglyceride (mg/dl) 16.04 + 0.02¢ 21.25+0.14° 21.8+0.12° <0.0001
Total protein (g/dl) 3.77 £ 0.01° 3.97 +0.02° 4.055 + 0.03* 0.0003
Albumine (g/dl) 3.05 +0.02° 3.16 £ 0.01% 3.16 + 0.03" 0.0203
GOT (IU/L)? 121.00 + 0.57° 119.00 + 0.57¢ 180.00 + 0.58° <0.0001
GPT (IU/L)? 19.50 + 0.28° 15.90 + 0.06¢ 16.9 + 0.06° <0.0001
Globulin (g/dl) 0.73+0.01¢ 0.82 +0.01° 0.895 + 0.01° <0.0001

IT1 = 70% concentrate + 30% hay, T2 = 70% concentrate + 10% hay + 20% GP, T3 = 70% concentrate +10% hay + 20% OP.

2GOT = glutamate oxaloacetate transaminase, 3GPT = glutamate pyruvate transaminase.

3Means with different letters within rows differ significantly at P < 0.05 according to Duncan's test.

Feeding both GP and OP dietary supplements
significantly influenced (P < 0.05) malondialdehyde
(MDA), total antioxidant capacity (TAC), and
glutathione peroxidase (GSH-Px), as seen in Table 4.
MDA concentrations were lower (P<0.05) in both the T3
and T2 groups than T1 at 1.87 + 0.04, 1.93 + 0.02, and
3.73 £ 0.02, respectively. The T3 group demonstrated the
most pronounced reduction, achieving the lowest MDA
level. TAC values were significantly elevated in T2
(789.36 + 5.05) and T3 (716.15 + 1.99) compared to the
T1 group (412.65 + 12.55), with T2 having the highest
antioxidant capacity among treatments.

These results contrast with those reported by 20, who
found that TAC was significantly higher in lambs fed
10% compared to 20% GP (P < 0.05). GSH-Px activity
was significantly elevated in the T3 and T2 groups
(70.83 £ 0.08 and 61.83 + 0.23, respectively) compared
to the T1 group at 24.75 + 0.58), with T3 group showing
the highest activity. This suggests that the high
polyphenol content in these supplements, particularly in
OP, is a major contributor to mitigating oxidative stress
13.

Table 4. The impact of grape and olive pomace diet supplementation on the serum oxidative stress index of Awassi lambs

Treatment
Traits P value®
T1 T2 T3
MDA (n.mol/ml)> 3.73+0.02° 1.93 + 0.02° 1.87 +0.04° <0.0001
TAC (n.mol/ml)* 412.65 + 12.55° 789.35 + 5.05° 716.15 + 1.99° <0.0001
GSH-Px (n.mol/ml)* 24.75 + 0.58° 61.83 + 0.23" 70.83 + 0.08° <0.0001

T1 = 70% concentrate + 30% hay, T2 = 70% concentrate + 10% hay + 20% GP, T3 = 70% concentrate +10% hay + 20% OP.
MDA = malondialdehyde, *TAC = total antioxidant capacity, “GSH-Px = glutathione.
Means with different letters within rows differ significantly at P < 0.05 according to Duncan's test.

Carcass composition parameters, assessed via
ultrasound following the palpation-guided placement of
the transducer between the 12th and 13th ribs, were
influenced by the GP and OP dietary supplementation.
The carcass evaluation via ultrasound showed that fat
thickness (cm), loin thickness (cm), loin area (cm?), and
yield grade were significantly affected (P < 0.05) by
dietary supplementation (Table 5). The T2 group had the
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highest fat thickness (0.45 + 0.01 cm), significantly
exceeding that for the T1 (0.35 + 0.01 cm) and T3 (0.34
+ 0.02 cm) groups. This finding aligns with the better
growth performance (i.e., higher final body weight and
total gain) observed in the T2 group. The T2 group
exhibited the greatest loin thickness (1.94 + 0.01 cm)
compared with T1 (1.84 + 0.03 cm) and T3 (1.77 £ 0.01
cm). Similarly, the largest loin area was observed in T2
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(7.70 £ 0.06 cm?), exceeding T3 (6.91 + 0.05 cm?) and
T1 (7.16 £ 0.05 cm?). Yield grade, a key indicator of
fattening program success, was highest in the T2 group
(2.49 £ 0.05), significantly above the T1 (2.33 £ 0.02)
and T3 (2.29 + 0.01) groups.

Ultrasound technology provides accurate and
objective information on body and carcass composition
of live animals, which can be crucial for improving

productivity and decision-making in the sheep industry
12, 27. In this study, the observed yield grades fell within
the ideal 2-3 range, indicating that the animals had
heavier carcasses, a higher proportion of lean tissue, and
desirable fat content. Yield grade is particularly
advantageous for meat producers, as producing lean
tissue is more cost-efficient than fat.

Table 5. The impact of grape and olive pomace diet supplementation on carcass traits in Awassi lambs

Treatment!
Traits P value?
T1 T2 T3
Fat thickness (cm) 0.35 + 0.01° 0.45 + 0.01° 0.34+0.02° 0.0020
Loin thickness (cm) 1.84 +0.03" 1.94 + 0.012 1.77 £ 0.01° 0.0048
Loin area (cm)? 7.16 £ 0.05° 7.70 + 0.06% 6.91 + 0.05° 0.0002
Yield grade 2.33+0.02° 2.49 + 0.05° 2.29 +0.01° 0.0203

T1 = 70% concentrate + 30% hay, T2 = 70% concentrate + 10% hay + 20% GP, T3 = 70% concentrate +10% hay + 20% OP.
2Means with different letters within rows differ significantly at P < 0.05 according to Duncan's test.

The financial performance of the lambs across the
three experimental groups is presented in Table 6, which
also details the main cost components and final
profitability =~ expressed in Iraqi Dinars (IQD).
Profitability was highest in the T2 group (IQD 80744),
driven by the maximum selling price (IQD 361800)

which offset its highest total cost. In contrast, the T3
group, despite having the lowest costs, generated the
smallest profit (IQD 47391) due to its substantially lower
selling price (IQD 324000). Profitability was a universal
outcome across all treatments.

Table 6. The impact of grape and olive pomace diet supplementation on cost and profitability of the Awassi lambs

Price and Cost per head (IQD) T1 T2 T3
Purchasing price 220809 222411 221343
Cost of labor and housing 33.300 33.300 33.300
Cost of feed 24789 25345 21966
Total cost 278898 281056 276609
Selling price 340200 361800 324000
Profit (Income) 61302 80744 47391

IQD = Iraqi dinar

Conclusion

The findings of this study revealed that feeding grape
pomace to Awaasi lambs improved growth performance
(live body weight and feed conversion ratio) and carcass
characteristics (subcutaneous fat thickness and loin
muscle area) compared to lambs fed the olive pomace or
control diets. In addition, the dietary inclusion of both
grape and olive pomace effectively mitigated oxidative
stress in the lambs as evidenced by alterations in MDA,
TAC, and GSH-Px levels. The feed cost of lamb-

414

fattening in this study ranked as follows: grape pomace <
control < olive pomace. These results indicate that agro-
industrial byproducts, particularly grape pomace, show
significant potential as cost-effective feed supplements to
enhance lamb production efficiency and health.
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