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ABSTRACT: This study aimed to evaluate the impact of different production systems on the
growth performance and carcass composition of male Lohi lambs. A total of 64 male Lohi lambs were
assigned to two main groups (A and B) of 32 lambs each, with each group further divided into
subgroups of eight per pen. Half of the lambs in each group were castrated. Group A received a
concentrate diet at 85 g of dry matter (DM) per kg of metabolic body weight per day, containing 15%
crude protein (CP) and 3010 kcal/kg Metabolizable Energy (ME), along with hay at 100 g per lamb per
day. Group B was fed fresh green forage ad libitum and supplemented with 400 g of concentrate per
lamb per day containing 20% CP and 2940 kcal/kg ME. Feed composition (offered and refused), daily
feed intake, and weekly body weights were recorded throughout the study. At the end of the trial, all
lambs were slaughtered, and half carcasses were sampled from each pen for composition analysis.
Results showed that lambs in the concentrate-fed group exhibited significantly lower daily dry matter
intake (DDMI; P=0.001) and feed conversion ratio (FCR; P<0.05) but demonstrated superior growth
performance (GP; P<0.05), higher carcass weight (CW; P<0.001), dressing percentage (DP; P<0.001),
and conformation scores (CS; P<0.05). In conclusion, a concentrate-based diet enhanced growth rates,
carcass characteristics, and overall performance metrics compared to a forage-based diet supplemented

with concentrate, suggesting its effectiveness for optimized lamb production.
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INTRODUCTION

Growth performance and carcass characteristics
are crucial factors in determining cost-benefit analysis in
sheep husbandry. However, they are also affected by
various factors like the animal's age and sex (Prache et
al., 2022), the feeding plans (Jacques et al., 2011; Khan
et al. 2023), and the breed (Kremer et al., 2004; Waheed
et al., 2015). Each of these elements is essential to any
production system. The composition of the diet has a
major impact on the partitioning of retained fat and
protein (Ponnampalam et al., 2024; Abbas, 2020; 2020a).
Underfeeding produces low-quality products and can stop
the animals from reaching their genetic potential in terms
of weight and stature, whereas overfeeding may result in
an excessive amount of fat in the carcass (Prache et al.,
2022; Pena et al., 2005). On the other hand, the
production of carcasses with higher meat yields due to
genetic selection for lean meat output has proven
successful, but at the expense of the meat's intramuscular
fat content and eating quality, making it more challenging
to finish lambs on pasture (Prache et al., 2022).
Furthermore, through stable ruminal conditions and better
nutrient utilization, an unprocessed diet of whole corn
and soybean hulls improved growth, feeding, carcass
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quality, and total lean output, according to many studies
(Khan et al., 2023).

The percentage of fat deposits, rib
measurements, dressing %, age at slaughter, "non-
carcass" components, and neck and shoulder percentage
were all significantly impacted by sex. The measures of
the carcass increased in tandem with the weight. At the
same time, the carcass, limb, and dressing percentages'
conformation indices improved, while the tissue
composition and primal market cuts of the animal
remained largely unaffected. The quantity of all kinds of
fat deposits was largely influenced by sex (Pena et al.,
2005). To fulfill domestic and export needs and
production of mutton, Pakistan's traditional mutton
production system must be converted into a highly
commercialized one (Khan et al., 2003). On-castration
enables males to use feed more effectively and finish
faster with a slimmer carcass, even if castration enhances
the quality of the meat. Mahgoub et al. (2003) found that
sheep who were castrated did not exhibit the same
average daily gains as intact and cryptorchid sheep. The
main element influencing the quality of all fat deposits is
the animal's sex (Pena et al., 2005).

This experiment was designed with specific
objectives: i) to evaluate the effect of different feed
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regimes on the growth performance and carcass
composition of lambs, and ii) to assess how sexual status
(intact or castrated) influences the growth performance
and carcass composition of lambs, aiming to identify the
optimal production system for Lohi breed lambs.

MATERIALS AND METHODS

Sixty-four weaned Lohi lambs of 4 to 6 months
of age were bought from Okara, Faisalabad, and Toba
Tek Singh, the original habitat of the breed. Before the
initiation of the experiment, all the lambs were dewormed
using Nilzan® ICI and vaccinated against enterotoxaemia.
Half of the lambs were castrated. After weighing, they
were randomly assigned to 8 pens with 4 pens of each
treatment (4 of castrated and 4 intact animals) and 8
animals of the same average live weight per pen. Four
pens (Group A) were assigned to a concentrate diet and

the four remaining (Group B) to a fodder diet. The
concentrate diet (concentrate A) contained 15% of crude
protein (CP) and 3010 kcal/kg of metabolizable energy
(ME) and was offered at a rate of 85g DM /kgW0.75 plus
100g hay /lamb/day. Group B was receiving Mott grass
(fresh green fodder) ad libitum, along with 400g/day of a
concentrate (concentrate B) containing 20% of CP and
2940kcal/kg of ME. The chemical composition of the
different experimental diets is given in Table 1. Animals
were acclimatized to the pens and the diets for ten days
before placing them on the treatment diets. During this
acclimatization period, animals of group B were fed
green fodder ad libitum while animals of group A were
given 50 g of concentrate for each lamb, along with
unlimited hay at the beginning. Up until the completion
of the acclimatization period, the concentrate feeding was
gradually increased and the hay feeding was gradually
decreased.

Table 1: Chemical composition of experimental feedstuffs (on dry matter basis)

Jantar Guara
Composition CONCL A CONC.B Berseem hay (clover) Mott Grass (spiny sesbania) Oats (Cyamopsistetragonoloba)
DM (%) 87.48 88.28 88.28 255 75.54 25.3 18.7
CP (%) 15 20 20 8 12.84 11.14 24.1
ME (Mcal’kg) ~ 3.01 2.94 3.45 - - - -
RUP (%) 3.24 6.3 - - - - -
RDP (%) 11.76 13.7 . - - - .
NDF (%) 24.95 29.17 . - - - .
ADF (%) 12.89 14.88 - - - - -
Lignin (%) 3.19 3.96 - - - - -
Fat (%) 3.02 3.45 - - - - -
Ca (%) 0.7 0.6 - - - - -
P (%) 0.35 0.57 0.57 - - - -
EE (%) - - 2.82 6.12 7.96 4,61 2.42
CF (%) - - 6.3 33.7 28.71 27.84 19.78
NFE (%) - - 13.7 35.44 20.74 45.84 39.7
Ash (%) - 20.91 5.29 10.57 14

(Close and Menke, 1986) CONC.: Concentrate

Samples of offered and refused feed were taken
to measure the dry matter (DM) content. The difference
in the amount of feed offered and refused during 24 hours
was used to calculate the daily feed intake. During the
experimental period of six months, the lambs were
weighed weekly on a fixed day of the week using an
electrical balance (RUDDWEIGH, MODEL 1200
KM25), and their growth rates were calculated.

According to Croston and Pollatt (1994), each
lamb's condition score was determined by subjectively
rating the amount of fat covering the transverse and
spinous processes of the lumbar vertebrae on a scale of 0
to 5 with a 0.5-point increment. Lambs were selected for
slaughter on reaching score 3 to produce carcasses of
MLC (Meat and Livestock Commission, UK) fat class
2/3L. After splitting the carcass and removal of kidneys
and fat, the left-hand side was sealed in labeled heavy

503

plastic sacks and frozen at -18C°. All the cutting lines
were clearly defined by reference to anatomical points
(Cuthbertson et al., 1972) while making joints. After
slaughter, cold carcass weight (hot carcass weight x 0.98)
along with the killing-out proportion was expressed as the
cold carcass weight divided by the final live weight. The
outline of muscle longissimus dorsi was traced on
translucent paper and the area in square centimeters (cm?)
was calculated using a planimeter. The method of
dissection as described by Cuthbertson et al., 1972 was
used for the dissection of best end joints and half carcass.
Protocols concerning animal care were followed in the
light of guidelines recommended by the Animal Ethics
Committee of the Faculty of AH (Animal Husbandry),
UAF (University of Agriculture, Faisalabad-Pakistan),
and humane animal care and handling procedures were
followed throughout the study. The amount of muscle,
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fat, and bone of the half carcass of each slaughtered lamb
was determined.

MINITAB statistical program was used to
perform all the statistical analyses (MINITAB Release
13, 2000), and significant differences were considered at
a 5% level. To predict lamb weight, growth rate, and
carcass composition, data were subjected to regression
analysis. Feed intake, lamb growth performance, and
carcass characteristics were analyzed by the use of the
General Linear Model (GLM) method used a linear
model that incorporated the fixed effects of sex and
nutrition.

RESULTS

Animals fed the concentrate diet had
significantly lower DDMI (P=0.001) and FCR (P<0.05),

but significantly higher DWG (P<0.05), CW (P<0.001),
DP (P<0.001), CS (P<0.05), Kidney Knob and Channel
Fat, KKCF (P<0.001), head and heart weight (P<0.05),
liver weight (P=0.05), kidneys weight (P<0.001),
stomach weight (P<0.05), skin weight (P<0.001), lungs
weight (P=0.001), and trotter (feet) (P<0.05) than animals
fed the forage diet, according to the results shown in
Table 2. Tables 2, 3, and 4 display the measurements and
composition of the carcass. Compared to animals on the
forage diet, concentrate-fed lambs had higher fat and CS
(P<0.001), as well as a larger buttock circumference
(P<0.05). In contrast, animals fed with ration based on
fodder had a significantly finishing period normally
longer (P<0.001), total heavier bones (P<0.05), heavier
weights of longissimus dorsi (P<0.05), and better Lean:
Bone ratio (P<0.05).

Table 2: Effect of diet and sex on feed intake and growth performance of lambs.

Diet Sex

CONC'. Fodder SE P Entire Castrated SE P
n (lambs) 30 30 30 30
ILW (kg) 25.2 22.7 0.64 NS 24.5 23.4 0.64 NS
FLW (kg) 39.5 33.4 0.64  <0.001 37.7 35.2 0.64 NS
Finishing Period (days) 129 167 12  <0.001 145 150 1.2 <0.05
DDMI(kg) 1.1 1.4 0.01  0.001 1.3 1.2 001 NS
DLWG (g) 130.7 65.3 3.2 <0.001 106 90 3.2 <0.05
FCR KgDM/kg WG 9.2 19.8 1.07 <0.05 13 16 1.07 NS

ILW= Initial Live Weight, FLW= Final Live Weight, DDMI = Daily Dry Matter Intake; DLWG = Daily Live Weight Gain; FCR =

Feed Conversion Ratio 'CONC.: Concentrate

Table 3 Diet and sex effects growth performance and carcass characteristics

Diet Sex

CONC*. Fodder s.e.d P Entire Castrated s.ed P
n (lambs) 30 30 30 30
Carcass Weight(kg) 20.1 16.2 036 <0.001 18.8 17.5 036 NS
Dressing % age 50.8 485 031 <0.05 49.7 49.6 0.31 NS
KKCF* (g) 603 323 27.5 <0.001 438 488 275 NS
Kidney (g) 112 98 1.9 <0.001 107 103 1.9 NS
Head (Kg) 2.8 2.4 0.07 <0.05 2.8 2.4 0.07 <0.05
Heart (g) 156 143 275 <0.05 155 144 2.75 0.05
Liver () 583 524 15.2 0.05 586 522 15.2 <0.05
Lungs (9) 583 496 12.2  0.001 568 511 12.2 <0.05
Stomach (kg) 1.5 1.3 0.04 <0.05 1.4 1.3 0.04 NS
Skin (kg) 4 2.7 0.11 <0.001 35 3.2 0.11 NS
Spleen () 104.5 94.4 3.6 NS 103.9 95 3.6 NS
Trotter (kg) 1.3 098 0.06 <0.05 1.17 1.1 0.06 NS
Chest width (mm) 78.3 74.1 0.6 0.001 77.1 75.4 0.6 NS
Circumference of the buttock (mm)  57.8 54.8 0.5 <0.05 57 55.6 0.5 NS
Side length (cm) 45.4 45.3 0.5 NS 455 45.1 0.5 NS
Fat score 2.7 2.3 0.05 <0.001 2.5 2.4 0.05 NS
Conformation Score 2.8 2.3 0.05 <0.001 2.6 2.5 0.05 NS

*Kidney knob and channel fat; ICONC.: Concentrate
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Table4: Diet and sex effects on carcass composition (best end dissection data)

Diet Sex

CONC!.  Fodder SE P Entire  Castrated SE P
n (lambs) 30 30 30 30
Lean (g kg-1) 481 501.5 5.4 NS 493.4 489 54 NS
Total fat (g kg-1) 247.6 232.1 6.8 NS 227.5 252.3 6.8 NS
Subcutaneous fat (g kg-1) 144.3 128.2 5.4 NS 129.7 142.8 5.4 NS
Inter-muscular fat (g kg-1) 103.3 103.9 51 NS 97.8 109.5 5.1 NS
Total bone (g kg-1) 200.7 184.8 5.2 NS 188.1 197.3 5.2 NS
Vertebral process (g kg-1) 1134 96 4.6 NS 99.5 109.9 4.6 NS
Longissimus dorsi (g kg-1) 98 137 39 <0.05 117 118 3.9 NS
Lean: fat ratio 2.1 2.3 0.08 NS 2.3 2 0.08 NS
Lean: bone ratio 2.5 2.8 0.076  0.05 2.8 2.6 0.076 NS
Eye muscle area (cm2) 9.9 11.2 0.4 NS 10.5 10.6 0.4 NS
Intra-muscular fat* (g kg-1) 2.9 2.7 0.11 NS 2.7 2.8 0.11 NS

*Values were obtained by using the ether extraction method; 'TCONC.: Concentrate

The daily live-weight gain (P<0.05) (Table 2),
liver weight (P<0.05), lung weight (P<0.05), lean to bone
ratio (P=0.05), head weight (P<0.05), and heart weight
(P=0.05) of whole lambs were considerably higher than
those of castrated lambs (Table 3).Nevertheless,

compared to whole lambs, castrated lambs (wether) had
longer finishing times (P<0.05) and higher levels of total
and other fats (inter-muscular and subcutaneous fat)
(Table 5).

Table 5: Diet and sex effects carcass composition (half carcass dissection data)

Diet Sex
CONC'.  Fodder s.e.d P Entire  Castrated s.e.d P

n (lambs) 4 4 4 4

Lean (g kg™ 566.15 601.2 7.7 NS 580.2 587.2 7.7 NS
Total Fat (g kg™) 255.6 205.6 11.6 NS 218.2 243.1 116 NS
Subcutaneous fat (g kg™) 186.5 150.4 8.2 NS 166.2 170.7 8.2 NS
Inter-muscular Fat (g kg™) 69.2 56 5.6 NS 52.8 72.4 5.6 NS
Total Bone (g kg™) 166.3 2444  10.3 <0.05 183.45 227.3 103 NS
Waste (g kg™) 16.2 17.8 7.7 NS 17.4 16.7 7.7 NS
Lean: fat ratio 2.2 3 0.22 NS 2.9 2.4 022 NS
Lean: bone ratio 3.4 2.5 0.08 <0.05 3.2 2.7 0.08 0.05
ICONC.: Concentrate

DISCUSSION concentrate and showed the biggest daily weight

Compared to lambs on a fodder diet, those fed a
concentrated diet exhibited superior growth performances
and carcass shape. These results are consistent with those
of (Borton et al., 2005; Priolo et al., 2002; Karim et al.,
2001), who observed that lambs fed on a concentrate diet
had higher conformation ratings, heavier final body
weights, and bigger carcass weights than lambs fed
pasture. McLeod and Baldwin (2000) found similar
findings, finding that lambs fed 75% concentrate gained
weight more quickly and efficiently than those fed 75%
forage.

The results obtained by Mazumder et al. (1998),
Fayyaz et al. (2002), and Damry et al. (2001) are in line
with the lambs that were fed an early finishing
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increases. Nevertheless, it was also mentioned that higher
growth rates can be influenced by the feed's quality and
the quantity of concentrate supplementation (Wildeus et
al., 1998; Wildeus et al., 2001; Wildeus et al., 2004).
Forage-based production techniques have a lower daily
cost of production, but it takes longer to finish the
animals (Notter et al., 1991). Lambs fed a fodder diet in
our trial had a higher lean-to-fat ratio, which is consistent
with findings by Borton et al. (2005). Additionally, it is
consistent with the findings of (Priolo et al., 2002; Saatci
et al., 2003) that lambs fed concentrate had higher final
weights and carcass weights than lambs fed fodder. The
concentrate-fed lambs had also a higher dressing
percentage as compared to forage-fed lambs. This
coincides with the findings of (Mahgoub et al., 2003).
However, in contrast to findings by (Hanrahan, 1999;
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Gatenby, 1986), the sexual status of lambs did not affect
the dressing percentage in the current experiment.
Similarly to results obtained by (Mahgoub and Lodge,
1996), concentrate-fed lambs had significantly heavier
heads, trotters, lungs, stomachs, and skin than their
counterparts fed on fodder. The findings of Borton et al.
(2005), who found that concentrate-fed lambs had 50%
more dissectable fat than forage-fed ones at the standard
slaughter weight, are consistent with the fact that the total
fat content of the carcass was higher for animals on the
concentrate diet. Additionally, Kremer et al. (2004)
observed that lambs fed high calories similarly
accumulated more fat. Lambs-given grass had a higher
lean-to-bone ratio than lambs-fed concentrate. This aligns
with the conclusions of Lanza et al. (2003). The ocular
muscle regions of the lambs raised on the various
treatments (concentrate or fodder) show minimal
variation, which supports earlier findings by Arnold and
Meyer (1988). However, others reported that
concentrate-fed lambs had larger muscle areas than
fodder-fed lambs (Kremer et al., 2004; Burke and Apple,
2006).

The fact that ram lambs grew more than whether
lambs has been widely documented (Edson Kremer and
al., 2003). The study's findings about the differences
between castrates and intact/cryptorchid sheep are
consistent with those of Maghoub et al. (1998), who
found that the former had lower feed conversion, higher
slaughter weight, empty body weight, hot carcass weight,
and cold carcass weight, as well as higher average daily
gains than the latter. The results of this trial also confirm
those of (Lee, 1986) who argued that fast growth rate can
only be obtained if there is sufficient feed intake to
maintain potential growth levels. The higher daily live
weight gains of the entire lambs led to an increase in final
live weights, which is in agreement with findings by
(Kremer et al., 2003; Wellington et al., 2003; Nawaz et
al., 1985). The low-fat content in the carcass of entire
male lambs has been widely reported (Ahmad and Lloyd
Davies, 1986; Russell 1991; Hanrahan, 1999). Regarding
the conformation score, the non-significant difference
between entire and castrate lambs obtained in our study
does not agree with the work of (Ahmad and Lloyd
Davies, 1986; Russell 1991; Hanrahan, 1999; Wellington
et al., 2003). The non-significant difference between ram
and wether for the eye muscle area is in agreement with
findings by (Zinn et al., 1963), but contrasts with those
by (Arnold and Meyer, 1988). We may infer that even if
the concentrate-based feeding system produced better
outcomes for the better growth performance of lambs and
carcass composition, the choice of the best feeding
system must be guided by economic considerations.
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