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SUMMARY

A comparative study on the growth performance of three Egyptian sheep breeds raised under an intensive
management system was carried out to improve lamb production using10 Rahmani, 8 Ossimi and 23 Barki male
and female lambs. Data was analyzed using the general linear model procedure. The results showed that there
was an increase in the lamb’s live body weight and a decrease in both lamb’s monthly body daily weight gain
and periodic average daily gain toward advanced ages with instability in the rate of monthly growth during
certain periods. Barki sheep tended to have the same monthly live body weight compared with Rahmani lambs
and higher monthly live body weight compared with Ossimi sheep with better growth rate for the periods from
birth to two months, five to six months and nine to ten months of age, compared to both Rahmani and Ossimi
lambs. Except for the period from weaning to marketing, Barki lambs tended to have the same average daily
gains compared to Rahmani sheep and exceeded the Ossimi sheep. On the other hand, the results showed a
significant effect of sex on the growth performance of lambs of the three breeds, where the age of the dam and
the birth weight of the lamb had no significant effects. It could be concluded that the intensive management

system is a good practice for increasing the meat production of Barki sheep.
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INTRODUCTION

The agriculture sector is a key contributor to the
Egyptian economy. It contributes approximately
14.5% of the national gross domestic product (GDP)
and accounts for about 28% of jobs, including those
held by women in the workforce (USAID, 2018).
Recommendations to improve food security for
Egyptians include further development of their
livestock production systems (Soliman, 2018).

Sheep are a valuable livestock species because of
their ability to convert forages, as well as feedstuffs
that are not suitable for human consumption, into
meat and milk, which are important sources of
dietary protein for humans. Therefore, sheep
represent a good opportunity for developing countries
to increase the production of animal-source foods,
especially meat, thereby helping to reduce problems
associated with food insecurity. Furthermore, sheep
are the most abundant ruminant livestock species in
Egypt (FAOSTAT, 2018) in with a population
reaching about 1,700,000 head (Central Agency for
Public Mobilization and Statistics, 2021). There is
great potential to enhance their productivity though
the implementation of genetic improvement programs
and good management practices.

Egyptian sheep breeds are characterized by high
fertility rates, and an extended mating season, but
low prolificacy (Gabr et al., 2016). The breeds have

adapted over time to local environmental conditions
and are geographically distributed across different
regions of Egypt, where they are raised in various
agro-ecological zones. The main sheep breeds in
Egypt are Rahmani, Ossimi and Barki, which
together represent 65% of the total sheep population
and are primarily bred for meat production (Galal et
al., 2005). Rahmani and Ossimi breeds are raised
under either intensive or semi-intensive production
systems on closed farms. The semi-intensive system
is midway between intensive and extensive systems
in which animals are allowed to have about four to
five hours of grazing within a fenced area during the
day while suitable housing is provided at night. The
animals are allowed to graze within the enclosure,
and they may also provide some food in the form of
concentrated mixture ration, kitchen waste, and by-
products of crops. The Barki breed, one of the main
breeds, is raised under a transhumance or extensive
system in the Northern-Western Coast of Egypt,
where they enjoy the open air, liberty, and grazing in
pastures, selecting the favorable plants and
vegetation.

The meat production capacity of sheep to meet
market demands can be improved by using breeds
that are better adapted to the production system and
exploring the desirable characteristics of each breed
(McManus et al., 2010).
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Recently, some Barki sheep breeders have
completely shifted the rearing system of Barki sheep
from a transhumant system to an intensive one in
order to improve mutton production and enhance the
net income of their flocks. This phenomenon should
be studied to assess its utility and its effect on the
profitability of the flock. Breeders must consider
several challenges arising from this system change,
such as the breed’s productivity, the emotional impact
on the animals, concentrated rations consumption
which is highly competed by other species of farm
animals and the high costs associated with the
intensive system.

There is limited information about the productive
capability of the Barki breed under the intensive
production system, especially when compared to the
other two main breeds (i.e., Rahmani and Ossimi).
Therefore, this investigation aims to explore the
effect of this change in the production system on
Barki sheep’s potential to produce meat, as measured
by live body weight and average daily gains of
lambs, compared to the potential of Rahmani and
Ossimi sheep, which are considered adapted breeds
to the intensive system. The present study thus
provides insight into the growth performance of the
three main Egyptian sheep breeds (i.e., Rahmani,
Ossimi and Barki) raised under the intensive
production system.

MATERIALS AND METHODS

Experimental animals and management:

The study was conducted at the Experimental
Station of the Faculty of Agriculture, Cairo
University located in Saft Al-Laban village, Giza
Governorate, Egypt (30°02’ N and 31°13’ E, with an
altitude of 30 m) from December 2022 to October
2023.

The flock consisted of ewes of three Egyptian
breeds: 30 Barki, 10 Rahmani and eight Ossimi ewes.

The animals of the flock were chosen based on
the morphological specifications of each breed (Galal
et al., 2005). Therefore, these animals are considered
a representative sample of the original animals of
each breed. These animals were then kept in a closed
system at the experimental farm of the Faculty of
Agriculture, Cairo University, and mated naturally
using a ram of the same breed. Accordingly, the
lambs born for each breed are related to each other by
relationship (half-siblings). They are raised in closed
pens attached to yards and kept with their lambs
under an intensive production system. The ages of the
ewes ranged from 1.5 to 7 years. Animals were fed
on a concentrated mixture (14% crude protein and
2400 Kcal ME per Kg) beside roughages and clover
in winter and corn in summer according to NRC
requirements (NRC, 2002). Each ewe and lamb, from
their weaning to the end of the study, received a
concentrate ration of 2% of their live body weight,
while ewes received 2.5% of this mixture during the

flushing period before mating season. During the
period of suckling, each ewe received one kilogram
of supplemented concentrate ration. Water was
available in front of animals all day round. All
animals were routinely provided with basic
vaccinations and were washed in dips against ecto-
parasites, especially ticks.

The ewes of each breed were mated to a fertile
ram of the same breed for 50 days from 21 July to 8
September 2022. Lambing occurs once a year from
the end of December 2022 to February 2023. The
lambs (N=41) used in the study (i.e., 10 Rahmani,
eight Ossimi and 23 Barki) were identified and
weighed at birth and kept with their dams in a closed
barn until weaning at four months of age.

Studied traits:

All lambs were tagged and weighed within 24
hours of birth and their birth weight, birth type,
breed, sex and birth date were recorded.

Live body weights (in Kg) were recorded monthly

from birth (LW,) to ten months of age (LW1o) for all
lambs and their daily weight gains (g/d) were
calculated for this period (ADG1 toADGig). Also,
daily weight gains (g/d) during certain periods of the
study, considered commercially important, bwere
calculated by taking the difference of weights in
grams within these periods and dividing it by the
time interval in days as follows:
ADG1u1 = (LW: — LW)/120, ADG1; = (LWe —
LWo)/lSO, ADG13 = (LWlo — LWo)/300, ADGl4 =
(LW10 — LW4)/180, ADG5 = (LW3 — LW0)/90, ADG36
= (LWe — LW3)/90 and ADG7 = (LWlo — LWe)/lZO.
These periods represent growth during the pre-
weaning phase, the pre-puberty phase, the whole
period of the study until marketing, the whole post-
weaning fattening phase, the lactation/suckling phase,
the first phase of post-weaning fattening, and the
final fattening phase, respectively.

Statistical analysis:

Data on the growth performance of lambs were
analyzed using the general linear model procedure
(GLM) of SAS software (SAS Institute Inc. 2014.
SAS® On Demand for Academics. Cary, NC).
Duncan's Multiple Range Test procedure (Snedecor
and Cochran, 1989) was applied to test differences
among means. Statistical significance was accepted at
the 5% level. All tested variables, including live body
weight, were tested first for normality using the
Shapiro-Wilk test, and all of them showed normal
distribution. The following two linear models were
used for the analysis of factors that would influence
growth performance traits:

Yiik = p + Bi+ Gj + (B*G) j; + b1(Ak — A) + eij

Model (1)
Yik = u + Bi + Gj + (B*G)jj + ba(Ax — A) + bo(Wi —
W) + e Model (2)

Where vyij in the model (1) is the lamb’s live body
weight (LWo, LW1g) or in the model (2) is the lamb’s
average daily gain (ADG1: ADG17) on the ki animal
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of the j™ gender and i breed. In the two models, u is
the overall mean for the trait; B; is the fixed effect of
the i"" breed (i = 1, ..., 3); G; is the fixed effect of j"
gender of lamb (j = 1, 2); (B*G);j is the interaction
between breed and gender of lamb; b; is the partial
regression coefficient of the studied trait on the age
of ewe; by is the partial regression coefficient of the
studied trait on birth weight of lamb; A is the age of
the ewe (mother); A is the mean age of ewes; Wy is
the birth weight of lamb; W is the mean birth weight
of lambs; ejj is the random residual error (NID with
mean = 0 and variance =c?).

Both statistical model No. (1) and No. (2) were used

after ensuring that the experimental error
distributions met the conditions of normal
distribution.
RESULTS

Monthly Live Body Weight

The results in Table (1) and Fig (1) showed that
there was an increase in lamb’s overall live body
weight means toward advanced ages till the age of 8
months and then as light decrease or stability in
weight in the two last months of the study (i.e., LWy
and LW1o). The same trend was also observed for the
three studied sheep breeds.

Table 1. Means and standard deviations (SD) of monthly live body weights for the three studied sheep

breeds
Live Body Weight® Overall Barki Rahmani Ossimi
(Kg) Mean SD Mean SD Mean SD Mean SD
LWo 4.19 0.87 4.06 0.90 4.21 0.79 4.54 0.89
LW1 9.02 243 9.42 2.21 9.31 2.29 7.50 291
LW2 8.43 2.38 9.33 242 7.98 1.67 6.44 1.68
LW3 14.69 3.50 14.80 3.67 15.70 3.43 13.10 2.89
LW, 17.36 3.97 17.14 3.81 19.39 3.90 15.42 3.82
LWs 19.40 4.65 18.68 4.35 21.85 4.58 18.41 5.08
LWe 21.07 4.80 20.87 4.66 23.21 4.44 18.95 5.10
LW+ 22.22 4.77 21.45 4.17 25.46 4.60 20.38 5.22
LWs 24.45 5.49 23.32 4.92 28.12 4.79 23.11 6.42
LW 23.74 491 22.92 4.53 26.70 4.09 22.40 5.90
LW1o 23.98 5.05 23.18 5.01 26.94 4.16 22.56 5.26
$: LWo, LW4, ...... , LW10 are monthly live body weights of animals from birth to ten months of age.
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Fig.1.Means of the monthly live body weights for the three studied sheep breeds.

Average Daily Gain

The results in Table (2) and Fig (2) showed that
there was a decrease in lamb’s overall monthly daily
weight gain toward advanced ages till the end of the
study with instability in the rate of growth during
certain periods (i.e., negative rates such as ADG, and

ADGgq or over-increasing rate such as ADGs). The
same trend was also observed for each one of the
three sheep breeds but with differences among them
in some periods. Barki, Rahmani, and Ossimi showed
higher values for ADG; and ADGs, ADG3 and ADG,,
and ADGs and ADGsg, respectively.
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Table 2. Means and standard deviations (SD) of monthly average daily gains for the three studied sheep breeds

Average Daily Gain® Overall Barki Rahmani Ossimi
(g/d) Mean SD Mean SD Mean SD Mean SD
ADG: 161.0 70.9 179 57.1 170 71.6 99 79.4
ADG2 -19.5 68.4 -3 7.7 -44 40.1 -35 60.0
ADG3 208.4 76.3 182 56.3 257 81.4 222 94.5
ADG4 88.9 49.1 78 49.0 123 35.3 77 48.9
ADGs 68.5 48.0 51 45.5 82 41.6 101 44.9
ADGs 53.8 47.1 73 51.2 45 19.9 10 19.7
ADGy 39.9 54.3 19 55.1 75 42.3 55 41.0
ADGs 74.8 76.7 62 73.0 89 99.2 94 55.3
ADGy -23.7 119.0 -13 153.4 -46 56.7 -26 42.6
ADG1o 7.3 98.2 8 1125 6 41.6 5 114.3

$: ADG1, ADGs,...,ADGioare monthly average daily gains from birth to ten months of age.
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Fig.2.Means of the monthly average daily gains for the three studied sheep breeds.

Periodically Average Gain:

The results in Table (3) showed that there was a
decrease in lamb’s periodically overall body gain
toward advanced ages till the end of the study. For
the average daily gains from ADGy to ADGaiathe
highest rate of growth was obtained during the period
from birth to weaning at 4 months of age representing
the suckling period in which lamb depends on its

mother for feeding, and the lowest value was
obtained during the period from 4 to 10 months of
age representing the whole post-weaning fattening
phase in which lamb depends on himself for feeding.
The same trend was confirmed for the average daily
gains from ADGis to ADGy7. The same trend was
also observed for the three studied sheep breeds.

Table 3. Means and standard deviations (SD) of periodically average gains for the three studied sheep breeds

Periodically Average Overall Barki Rahmani Ossimi

Gain$ (g/d) Means SD Mean SD Mean SD Mean SD
ADGu 109.7 29.4 109 27.5 127 28.1 91 27
ADG12 93.8 24.9 93 244 106 22 80 25
ADGis 66 16 64 16.2 76 125 60 15.6
ADG14 36.8 19.5 33 22.7 42 12.3 40 16.9
ADGis 116.6 34.3 119 36.1 128 30.9 95 26.1
ADGi6 70.9 255 67 25 83 22 65 28.4
ADG17 24.2 22.5 19 25.3 31 11.7 30 22.5

$: ADGu1, ADGuy, ..., ADGarareperiodicallyaverage daily gains from birth to 4 months of age, from birth to 6 months of age,
from birth to 10 months of age, from 4 to 10 months of age, from birth to 3 months of age, from 3 to 6 months of age and

from6 to 10 months of age, respectively.

Analysis of Variance:
Monthly Live Body Weight:

Least squares means showed that the lambs of the
Barki sheep had the highest monthly live body

weight at the age of two months, followed by the
lambs of Rahmani and Ossimi sheep, respectively
(Table 4). However, at the ages of four, seven, eight,
and ten months,
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Rahmani lambs showed the highest monthly live
body weight followed by Barki and Ossimi lambs,
respectively. Initially, the birth weight of Barki and
Rahmani sheep was similar (4.00 Kg), however, as the
age advanced till the age of two months the difference
increased in the favour of the Barki sheep and inversed
thereafter in favor of Rhamani sheep until the end of the
study. In contrast, birth weight was lower in Barki sheep
compared to Ossimi sheep (4.00 vs. 45 Kg,
respectively) and inversed thereafter in the favour of
Barki sheep until the age of 10 months. The superiority
of Barki lambs at the early period of their life (i.e., from
birth to the age of two months) may be explained by the
sufficient of milk produced by ewes of this breed
compared to the quantity of milk produced by ewes of
the other two breeds. However, these results were based
on a small sample size of both Rahmani (N=10) and
Ossimi (N=8) breeds compared to the Barki breed
(N=23). On the other hand, monthly live body weight
was higher in male lambs than female ones at the ages
of four, five, six, and ten months (Table 4).

Average Daily Gain

The least square means of Barki lambs, compared
with the other two breeds, showed the highest monthly
average body weight gain from birth to one month and
from five to six months of age and the lower monthly
average gain from six to seven months of age, while
Rahmani lambs showed the highest monthly average
body weight gains from two to three months, three to
four months and from six to seven months of age.
However, Ossimi lambs had the highest monthly
average body weight gain only from four to five months
of age and the lowest growth rate from six to seven
months of age (Table 5).

Generally, the three studied sheep breeds tend to
have the same monthly average body weight gains with
the superiority of Barki lambs followed by Ossimi and
Rahmani lambs, respectively of ADG,, the superiority
of Rahmani lambs followed by Ossimi and Barki lambs,
respectively of ADGg and the superiority of Ossimi
lambs followed by Barki and Rahmani lambs,
respectively of ADGy. This means that Barki sheep,
under an intensive management system, tended to have
a better growth rate in the periods ADG;, ADG,, ADGg,
and ADGy, compared with Rahmani and Ossimi sheep,
especially until the age of two months as explained
previously by the sufficient of milk produced by their
dams. On the other hand, monthly average body weight
gains were higher in male lambs than those of female
ones of ADG3;, ADGs and ADGg,.

Periodically Average Gain

The lambs of the Rahmani sheep showed the highest
periodic average body weight gains except for the
period from weaning to marketing (i.e., from 4 to 10
months) followed by Barki and Ossimi lambs,
respectively (Table 6).

Rahmani and Barki lambs showed superior average
daily gain during the suckling period (ADG3s) compared
to the Ossimi breed, while no significant differences
were observed among the three breeds in average daily
gain during early (ADGie) or late fattening periods
(ADGyy).

On the other hand, periodically average body weight
gains were higher in male lambs than those of female
ones for all periods of the study except for the period of
early fattening (from weaning to six months of age).

DISCUSSION

Under the intensive management system, the results
of the present study showed that in the three studied
breeds, there was an increase in lamb’s live body weight
(Table 1) and a decrease in both lamb’s daily body gain
(Table 2) and periodic body gain (Table 3) as they aged.
The instability in the rate of daily growth during certain
months (Table 2) may be explained by fluctuations in
feed supply for lambs and climatic changes, especially
temperature variations. The highest rate of growth
(Table 3) was observed during the period from birth to
weaning at four months of age, representing the
suckling period, while the lowest rate was observed
from four to 10 months of age when the lambs began
feeding independently. This can be attributed to the
maternal effect on the growth of the lambs during the
suckling period. Similar results in sheep were also
reported by several authors (Ganesan et al., 2015;
Mahala et al., 2019 and Bansal et al., 2022).

Under the intensive management system, Barki
sheep tended to have the same monthly live body weight
(Table4) as Rahmani sheep, but a higher monthly live
body weight compared to Ossimi sheep, with a better
growth rate (Table 5) during the periods from birth to
one month, five to six months and nine to ten months of
age, when compared to both Rahmani and Ossimi
sheep. Except for the period from weaning to marketing,
Barki lambs tended to have similar periodic average
body weight gains as Rahmani sheep, while exceeding
Ossimi sheep in this regard (Table 6).

Overall, during the study period from birth to ten
months of age, the results showed that Rahmani lambs
had superior monthly live body weights, followed by
Barki and Ossimi lambs, respectively. However, Barki
lambs demonstrated their adaptability to the intensive
system showing superiority over the two other breeds
during the first two months of age. In other words, Barki
sheep under an intensive management system showed a
comparable monthly live body weight to Rahmani sheep
and a higher monthly live body weight than Ossimi
sheep. This suggests that rearing Barki sheep under an
intensive system is an effective way to improve their
weight and meat production potential, thereby
enhancing farm profits compared to extensive or
transhumant  systems. Economic and financial
evaluation would have completed and perhaps
consolidated the conclusion of the interest of the Barki
breed for intensive management systems.
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On the other hand, throughout the study period,
male lambs tended to have greater monthly live body
weight, as well as higher monthly and periodic
growth rates compared to female lambs. This
superiority of male lambs over females may be
attributed to their higher birth weight and the
hormonal effects (i.e., sex and growth hormones).
Thus, the current results confirm the significant
effects of breed and sex on lamb body weight at
different ages, while showing no effect of ewe age.
Similar findings were reported by various authors
(Kucuk, 2004; Thiruvenkadan et al., 2009; Najafyet
al.,2011 and Momoh et al.,2013). Mandal et al.
(2003) also reported no significant difference in body
weight due to the parity of the dam in Muzaffarnagari
sheep. The difference in body weight among lambs
born in different periods may be attributed to
variations in  management and environmental
conditions. Bansal et al. (2022) concluded that the
period and sex of lambs had a significant effect on all
average daily gain (ADG) traits. However, the type of
birth had a significant effect on ADG only from birth
and 3 months and the season of birth had a significant
effect on ADG between nine and 12 months. In their
study, Ganesan et al. (2015) suggested that the sex of
the lamb, dam weight at lambing, and year of birth
were significant non-genetic factors affecting body
weight at birth, 3rd, 6th, 9, and 12th months. They
also found that average daily weight gain showed
significant differences based on the sex of the lamb,
season of birth, and year of birth, with significant
differences in dam weight at lambing only for the 3—
6-month period.

Generally, for the last period of the study, lambs
of the three sheep breeds showed the same periodic
average weight gains. Higher ADG in sheep farming
is not only essential from the economic point of view
but also for higher production and reproduction,
survivability, and faster genetic improvement by
decreasing generation interval and increasing
replacement rate (Prakash et al., 2012 and Gowane et
al., 2015). This means that Barki sheep showed their
adaptability for rearing under an intensive
management system and tended to have the same
periodic average body weight gains compared to
Rahmani sheep and at the same time exceeded the
Ossimi sheep.

The practical importance of this research appears
for the sheep breeders in developing countries where
there is consumption of mutton meat as one of the
main sources to fill the nutritional gap in animal
protein for their populations, and where breeds of
sheep raised in grazing areas in extensive production
systems are applied for the purpose of producing
meat, it can be used in a more efficient and profitable
production systems for breeders, such as the intensive
production systems, which the world is witnessing a
shift to using in meat production, especially with the

development of animal production techniques and
modern herd management systems and the rise in
meat prices globally.

Furthermore, for a future experiment, to be more
analytical and explanatory of the observed variations
in weight and growth, the estimation of the ewe’s
milk production and/or the digestibility of the feed by
the lambs should be added, to support the
conclusions.

As is known, using an intensive production
system with farm animals has many advantages such
as increasing efficiency (Intensive livestock
production often involves the use of technological
innovations and scientific methods to optimize the
growth, milk performance, and reproduction of
animals. This can lead to more efficient use of
resources, such as feed, and water and a reduction in
the amount of land needed for farming) and
productivity (By controlling the environment,
feeding, and health care of the animals, breeders can
produce a large amount of meat and milk in a short
period of time. This high yield can help meet the
increasing global demand for animal products) of
livestock, and the economic benefits (By
concentrating on the animals in one place, breeders
can save on labor and transportation costs).

This has now prompted breeders in many regions
of the world to switch from traditional and local
production systems to intensive production systems
when raising their animals, despite the high
production cost. Therefore, the results of this research
provide a practical example for sheep breeders,
especially in the developing world, to successfully
use the intensive production system instead of other
production systems when they want to increase meat
production from their sheep.

Breeding and producing the Barki sheep breed
under an intensive management system is considered
now as one of the means that can be used to raise its
meat productivity, as the demand for Barki sheep
meat in Egypt increases from the consumer due to the
quality of its meat and its low percentage of tail fat ,
in addition to the consumer’s desire to buy small size
animals due to the significant increase in the prices of
live sheep and their meat in the markets.

When comparing the live weights and growth
rates of Barki sheep raised under an intensive
management system -like the system used for
Rahmani and Ossimi sheep, which are known for
being acclimatized to this type of system - it became
clear that Barki sheep achieved results like these two
breeds and even surpassed Ossimi sheep during
certain growth periods. This suggests that breeders
should be encouraged to raise Barki sheep using the
intensive management system. The results of the
present study have practical implications not only for
sheep husbandry but also for understanding the
factors that significantly influence their growth
performance.
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CONCLUSION

To improve mutton production from Barki sheep
using the intensive management system, the results of
the current experiment showed comparable growth
performance of Barki lambs to that of Rahmani and
Ossimi lambs, both of which are well adapted breeds
to the intensive management system. In many cases,
Barki sheep even surpassed Ossimi sheep. However,
the age of the ewe and lamb birth weight were not
significant sources of variation in studied traits. The
gender of the lamb showed the superiority of males
compared to females in live body weight traits, with
males being more efficient in growth rates than
females. Therefore, based on this comparative growth
performance study, rearing Barki sheep using an
intensive management system is recommended to
breeders to increase their potential for meat
production.
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