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a  b  s  t  r  a  c  t

In  a block  randomized  design,  fifty-one  Barki  ewes  weighing  38.0  kg  in  average  and  2–4  years  old,  were
used  to  study  the  effect  of  pre-  and  post-lambing  dietary  crude  protein  level  (CP)  of  concentrates  on
the  milk  yield,  milk  composition  and  weight  of ewes,  and  performance  of their  lambs.  The  treatments
comprised  supplementary  concentrate  containing  (g/kg  dry matter  (DM)):  (1)  110  CP  (low),  (2) 130  CP
(medium)  and  (3)  150  CP  (high),  while  Egyptian  berseem  hay  (Trifiolium  alexandrinum)  was  the  basal  diet.
Ewes  were  weighed  individually  biweekly,  and the  number  of  lambs  dropped  and  nursed  by  ewes  was
recorded  within  24  h after  birth  and biweekly  subsequently.  New-born  lambs  were  left  to suckle  their
dams  freely, except  for the period  when  milk  yield  was  recorded  by  weighing  lambs  before  and  after
suckling.  Milk  yield  was  estimated  once  a  week.  Ewes  were  fed  the experimental  diets during  the  last
two  months  of  pregnancy  and  throughout  the  lactation  period.  Ewes  fed  110  g  CP/kg DM  attained  peak  of
milk yield  earlier  than  those  fed  130  and 150  g CP/kg  DM. Total  milk  yield,  milk  fat  and  milk  total  solids,
and  weaning  weight,  average  daily  gain  and relative  growth  rate  of lambs  were  higher  (P <  0.05)  for  ewes
fed  medium  and  high  protein  levels  compared  to those  fed  low  protein  level.  Suckled  milk  was affected
by  protein  level  (P <  0.05);  the  rank order  was:  110 CP  <  130  CP <  150  CP.  Milk  protein  and  extractable  milk
were  higher  (P <  0.05)  for  high  protein  level  compared  to low  protein  level  but  solids-not-fat  (SNF)  and
lamb  birth  weight  were  not  affected  (P  > 0.05)  by  protein  level.  Lamb  sex,  and  parity  and  weight  at  lambing
of  ewes  had  no  effect  (P  > 0.05)  on suckled  milk,  extractable  milk  and  milk  yield.  Whereas  lamb  sex  and
parity  of ewe  had  no effect  (P >  0.05)  on  milk composition,  ewe  lambing  weight  affected  (P  <  0.05)  milk  fat
and  SNF  but  not  milk  protein  and  total  solids  (P >  0.05).  Weights  of ewes  during  gestation,  after  lambing

(post-partum  weight  loss)  and  during  lactation  were  not  affected  (P > 0.05)  by  protein  level,  except  at  the
3rd month  of  lactation.  Lamb  sex,  parity  and lambing  weight  had  pronounced  (P  <  0.05)  effects  on  lamb
birth  weight  and  weaning  weight.  It  is  concluded  that  150  g  CP/kg  DM  level  pre-  and  post-partum  could
be  used  for  improved  performance  of  ewes  and  their  lambs  while  parity  and  weight  of  ewe  at  lambing
should  also  be  given  consideration.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction
The nutritional plane of an animal during gestation and in the
nsuing lactation has a pronounced effect on its performance and

∗ Corresponding author. Fax: +20 521 722 180 61 94.
E-mail addresses: asalem70@yahoo.com, asalem70@hotmail.com

A.Z.M. Salem).

ttp://dx.doi.org/10.1016/j.smallrumres.2016.02.002
921-4488/© 2016 Elsevier B.V. All rights reserved.
that of its offspring. Nutrition in the final stages of pregnancy for
sheep is one of the very important factors, and depends upon many
qualities after birth. During the last two  months of pregnancy (the
late gestation), eighty percent of the foetal growth occurs, leading
to a significant increase in nutrient requirements of the ewe (Bell,

1995). Protein requirements are also increased for foetal growth
and for the development of the mammary gland for colostrum
production (NRC, 1985). Level of feeding in the last two  month
of pregnancy and after lambing affects the milk production of the
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Table 1
Composition of the supplementary concentrate.

Dietary protein level (g/kg DM)

110 (Low) 130 (Medium) 150 (High)

Ingredients (g/kg DM)
Soybean meal 10.0 50.0 105.0
Maize vahbox820.0 570.0 600.0
Barley 140.0 350.0 265.0
Limestone 20.0 20.0 20.0
Mineral mixturea 10.0 10.0 10.0
Chemical composition (g/kg DM)
Dry matter (g/kg wet  material) 875.0 874.1 860.3
Organic matter 962.9 948.9 947.0
Crude protein 110.3 131.1 151.1
Ether extract 29.0 20.9 26.7
Crude fibre 30.0 39.0 35.7
Nitrogen free extractb 793.5 754.9 734.4
Digestible energy (Mcal/kg)c 3.66 3.60 3.62

a Contained: Ca3(PO4) 150 g, NaCl 100 g, MgO  4 g, ZnO 2 g, MnSO4 2 g, Fe2(SO4)3

3 g, CuSO4 1 g, CaI 100 mg, and CoSO4 20 mg.
22 M.H. Ahmed et al. / Small Rum

we during lactation period and also growth performance of lambs
Owen, 1981). The nutrition of ewes in the pre-partum period not
nly affects the growth of the developing foetus, but also the ability
f the ewe to supply the lamb with adequate amount of colostrum
nd milk post-partum (Treacher, 1983). Ocak et al. (2005) investi-
ated the effect of feeding high dietary protein levels during late
estation of ewes on colostrum yield and lamb survival rate, and
oncluded that an excess of crude protein (CP) in the diet caused

 decrease in colostrum yield and lamb survival. This was due to
n increased lamb birth weight resulting in a higher number of
amb dystocia. Consequently, the protein level of diets fed to the
regnant ewes during this critical period of gestation and ensu-

ng lactation has been of concern to livestock scientists. Hatfield
t al. (1995) reported that birth weights of lambs were higher when
he ewes were fed higher levels of protein compared to when they
ere fed low levels (149 vs. 113 g CP/kg dry matter (DM)) during

ate gestation and early lactation. It therefore becomes important to
etermine the pre- and post-partum dietary protein level that can
aximize the production potential of ewes and the performance

f their lambs. We  hypothesized that increasing dietary CP of ewes
uring gestation and lactation could improve their body weight,

actation performance, and birth weight and growth of their lambs.
he study aimed to investigate the effects of pre- and post-partum
ietary protein level from concentrates on milk yield, milk com-
osition and body weight changes of the experimental Barki ewes
nd the performance of their lambs.

. Materials and methods

Ewes and lambs were cared and handled in accordance with the
uide for the Care and Use of Agricultural Animals in Agricultural
esearch and Teaching (FASS, 2010). The experimental area condi-
ions was a temperate-tropic humid climate with winter rains and
n annual average rainfall of 22 mm and means annual temperature
etween 14 and 32 ◦C.

.1. Animals, diets and experimental design

Fifty-one 2–4 years old gestating Barki ewes were divided into
hree groups according to age and body weight (BW), and were
andomly assigned to one of three isocaloric supplementary diets
ontaining different CP levels (g/kg DM), 110 CP (low), 130 CP
medium) and 150 CP (high), during the last two months of preg-
ancy and throughout four months of lactation. Earlier before the
xperiment, ewes were divided into three groups of similar aver-
ge initial body weight (38.0 kg average BW)  and were mated to
arki rams (1 ram to 17 ewes sex ratio). The rams were allowed
o run with the ewes for two months during the breeding season
October–November). Composition of the supplementary concen-
rate and the experimental diets is shown in Table 1. Diets were
erved at the ewe’s 2% BW twice daily at 08:00 and 16:00 h. The
oughage portion of the diet (Egyptian berseem hay; Trifolium
lexandrinum) was offered first followed by concentrates. Berseem
ay contained (g/kg DM): organic matter 902.0, CP 167.0, CF 200.0,
ther extract 20.1, and nitrogen free extract 532.9. Water and min-
ral blocks (contain per kg: vitamin A 55,000 IU, vitamin D3 27,500
U, vitamin E 300 IU, Ca 30,000 mg,  Mg  5,000 mg,  Mn  2,500 mg,
e 1,800 mg,  Zn 1,500 mg,  Co 50 mg,  I 35 mg,  Se 10 mg)  were
rovided free choice. The amount of supplementary concentrate

ed was adjusted monthly according to ewes BW changes. Ewes
ere weighed individually biweekly with digital multi-purpose
latform scale during the period of steaming and throughout lacta-
ion period. Number of lambs dropped and nursed by ewes was
ecorded, and lambs were weighed within 24 h after birth and
iweekly thereafter until weaning. Each group of ewes and their
b Nitrogen free extract calculated by difference [1000 g/kg − (1000 g/kg crude
fibre + 1000 g/kg crude protein + 1000 g/kg ether extract + 1000 g/kg ash)].

c Calculated according to NRC (2001).

lambs were housed in a partly enclosed yard. New-born lambs were
left to suckle their dams freely for the first three days and were
kept with their dams till weaning at 16 weeks of age, except for
the period when milk yield was  recorded. Throughout the experi-
mental period, six ewes were excluded due to pathogenic infection
and death; 2 ewes from the low level of protein, 1 ewe from the
medium level of protein, and 3 ewes from the high level of protein.

2.2. Determination of milk yield

Lambs were separated from their dams at 19:00 h a day prior to
the week of milk yield estimation and were weighed at 07:00 h the
following morning before suckling for 15 min. Lambs were weighed
again after suckling and separated from their dams. The same pro-
cedures were repeated in the afternoon after which both lambs and
their dams were housed overnight. Surplus milk (hand-milked or
extractable milk) was  hand milked both in the morning and after-
noon. Milk consumed by lambs was  taken as the difference between
the lamb weight before suckling and after suckling, while daily milk
yield was estimated by summing the lamb milk consumption and
surplus milk in the morning and afternoon for the day. Milk yield
was estimated once a week until weaning at 16th week of age.

2.3. Chemical analysis and calculation

Diets were analysed for their DM (#930.15), ash (#942.05),
nitrogen (#954.01), ether extract (#920.39), and crude fibre
(#950.02) according to AOAC (1997) official methods. Milk sam-
ples were analysed for total solids, fat, and protein using infrared
spectrophotometry (Foss 120Milko-Scan, Foss Electric, Hillerød,
Denmark). Nitrogen free extract and organic matter of feeds were
calculated. Relative growth rate was  calculated using the equation
of Brody (1945):

Relative growth rate = W2 − W1
1
2 (W2 + W1)

× 100

where W1 = weight at the beginning; W2 = weight at the end of the
period which growth rate was  calculated.
2.4. Statistical analysis

In a block randomized design, data were analysed using the Gen-
eral Linear Model (GLM) of SAS (2000). Data of dead sheep were
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Table  2
Milk yield (g/d) of ewes fed varying protein level during different weeks of lactation
(least square means ± SE).

Week of lactation Dietary protein level (g/kg DM)  P-value

110 (Low) 130 (Medium) 150 (High)

2 819 ± 47.3b 916 ± 60.0ab 1098 ± 86.5a 0.042
4  932 ± 54.5b 1008 ± 57.6b 1140 ± 77.4a 0.026
6  886 ± 68.9b 1058 ± 54.2ab 1173 ± 66.2a 0.048
8  755 ± 70.6b 942 ± 61.1a 1107 ± 54.5a 0.035
10  481 ± 37.2b 765 ± 59.0a 903 ± 45.4a 0.041
12  318 ± 25.4b 572 ± 54.7a 671 ± 47.0a 0.033
14  175 ± 22.2b 402 ± 54.3a 488 ± 58.7a 0.027
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Table 3
Suckled milk, surplus milk or hand-milked milk and total milk yields of ewes as
affected by protein level, lamb sex, parity and ewe lambing at weight (least square
means ± SE).

No. of ewe Milk yield (kg)

Suckled milk Surplus milk Total milk

Dietary protein level (g/kg DM)
110 (Low) 15 44.4 ± 2.4c 17.3 ± 1.2b 61.8 ± 3.6b

130 (Medium) 16 58.5 ± 3.6b 22.6 ± 1.9ab 81.1 ± 5.3a

150 (High) 14 69.3 ± 3.0a 25.0 ± 2.2a 94.3 ± 4.9a

P-value < 0.001 0.014 0.031
Lamb sex

Male 25 57.5 ± 3.5 22.4 ± 1.7 79.8 ± 4.9
Female 18 57.4 ± 3.1 20.9 ± 1.6 78.2 ± 4.6
P-value NS NS NS

Parity
1 22 54.6 ± 4.3 20.7 ± 1.9 75.4 ± 6.2
2  17 60.9 ± 2.1 23.1 ± 1.4 84.0 ± 3.2
3  6 56.7 ± 2.1 21.0 ± 2.7 77.8 ± 2.5
P-value NS NS NS

Ewe lambing weight (kg)
<34 2 52.8 ± 10.9 21.4 ± 7.1 79.2 ± 17.9
35–39 11 50.6 ± 4.8 21.9 ± 1.8 72.5 ± 6.5
40–44 21 60.7 ± 3.1 23.5 ± 1.6 84.1 ± 4.5
45–49 7 60.0 ± 5.4 21.0 ± 2.8 81.0 ± 8.2
>50 4 58.0 ± 9.4 20.3 ± 6.7 78.3 ± 15.1
P-value NS NS NS

NS = not significant (P > 0.05).

T
M

N
M

16  93 ± 18.4b 258 ± 38.4a 307 ± 54.2a 0.004

eans with different superscripts along the row are significantly differ (P < 0.05).

ompletely excluded and the remaining data were analysed for dif-
erent parameters as missed values. The effects of both treatments,
re and post-partum CP level, were treated as a single synergistic
ffect, except for certain parameters which were taken during the
re-partum period and immediately after the pre-partum phase
i.e., just at the commencement of the post-partum phase). The

odel describing the ewe productivity from milk and lamb was:

Yijklm = � + Fi + Sj + Pk + Wl + eijklm; where Yijklm is each individual
bservation for a given variable, � is the overall mean, Fi is the
xed effect of ith protein level, Sj is the fixed effect of jth lamb sex,
k is the fixed effect of kth ewe parity, Wl is the fixed effect of 1th
we weight at lambing, and Eijklm is the residual random term. The
nteractions treatment × sex × parity × lambing weight were never
ignificant, and only the effects of diet, parity and lambing weight
f ewes will be reported. Comparisons of significant means were
one using Duncan’s multiple range test. Significance was  declared
t a level of P < 0.05.

. Results
Ewes fed medium (130 g CP/kg DM)  and those fed high
150 g CP/kg DM)  levels of protein attained peak of milk produc-
ion later (6th week of lactation) than those fed low level of protein
4th week of lactation). As lactation advanced after peak of milk

able 4
ilk composition of ewes as affected by protein level, lamb sex, parity and ewe lambing 

Ewe  no. Milk constituent (g/kg)

Protein 

Dietary protein level (g/kg DM)
110 (Low) 15 36.4 ± 0.8b

130  (Medium) 16 37.8 ± 5ab

150  (High) 14 39.5 ± 0.8a

P-value  0.044 

Lamb sex
Male 25 38.0 ± 0.8 

Female  18 38.1 ± 0.3 

P-value  NS 

Parity
1  22 38.0 ± 0.7 

2  17 38.2 ± 0.4 

3  6 36.2 ± 1.0 

P-value  NS 

Lambing weight (kg)
<34 2 39.2 ± 1.0 

35–39 11 37.9 ± 0.6 

40–44 21 38.4 ± 0.7 

45–49 7 35.9 ± 1.1 

>50 4 37.6 ± 0.6 

P-value NS 

S = not significant (P > 0.05).
eans with different superscripts along the column are significantly differ (P < 0.05).
Means with different superscripts along the column are significantly differ (P < 0.05).

production, milk yield consistently declined indicating a negative
correlation between milk yield and lactation period (Table 2).

The amount of milk suckled by the lambs of ewes fed differ-
ent dietary protein levels varied (P < 0.05) significantly; the rank
order was: 110 CP < 130 CP < 150 CP/kg DM.  Sex of the lambs, par-
ity and weight at lambing of the ewes had no (P > 0.05) effect on
the amount of milk suckled by lambs. Surplus or extractable milk
was higher (P < 0.05) for ewes fed high level of protein compared
to those fed low level of protein; however, extractable milk was

not influenced (P > 0.05) by lamb sex, parity and weight of ewes at
lambing. Total milk yield was higher (P < 0.05) for ewes fed medium
and high protein levels than for ewes fed low protein level (Table 3).

weight (least square means ± SE).

Fat Total solid Solids-not-fat

33.8 ± 0.5b 140.8 ± 0.5b 106.9 ± 0.5
36.0 ± 0.8a 144.1 ± 0.4a 108.0 ± 0.6
37.8 ± 0.7a 146.1 ± 0.9a 108.2 ± 0.7
0.006 0.029 NS

35.4 ± 0.6 144.0 ± 0.8 107.8 ± 0.7
36.1 ± 0.7 143.4 ± 0.5 1078.±0.4
NS NS NS

35.4 ± 0.6 143.3 ± 0.8 107.8 ± 0.4
36.5 ± 0.7 144.1 ± 0.5 107.5 ± 0.6
35.6 ± 1.8 143.4 ± 1.2 107.8 ± 1.4
NS NS NS

40.7 ± 1.0a 146.9 ± 0.2 106.2 ± 0.5b

33.6 ± 0.7b 142.1 ± 0.6 108.4 ± 0.5a

35.6 ± 0.6b 144.1 ± 0.7 108.4 ± 0.6a

37.8 ± 1.1ab 143.5 ± 1.4 105.6 ± 0.5b

37.3 ± 2.1ab 144.0 ± 2.2 106.6 ± 0.6b

0.005 NS 0.011
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Table 5
Weight changes (kg) of ewes fed varying protein level during late gestation and
throughout lactation periods (least square means ± SE).

Dietary protein level (g/kg DM) P-value

110 (Low) 130 (Medium) 150 (High)

Weight at mating 38.0 ± 1.4 38.1 ± 1.1 38.0 ± 1.6 NS
Weight at late gestation

4th month 40.8 ± 1.2 41.1 ± 1.1 41.2 ± 1.4 NS
5th  month 44.8 ± 1.4 44.6 ± 1.4 46.9 ± 1.5 NS
Weight after lambing 41.2 ± 1.2 41.0 ± 1.1 42.5 ± 1.2 NS

Weight during lactation
1st month 40.1 ± 1.2 40.6 ± 0.9 42.1 ± 1.0 NS
2nd month 39.1 ± 1.1 40.0 ± 1.1 41.9 ± 1.0 NS
3rd  month 38.2 ± 1.2b 39.8 ± 1.1b 42.2 ± 1.3a 0.020
4th  month 40.7 ± 1.2 41.6 ± 1.2 42.2 ± 1.1 NS

NS = not significant (P > 0.05).
Means with different superscripts along the row are significantly differ (P < 0.05).

Table 6
Birth weight and weaning weight of lambs as affected by protein level, lamb sex,
parity and ewe  lambing weight (least square means ± SE).

No. of ewe Birth weight (kg) Weaning weight (kg)

Dietary protein level (g/kg DM)
110 (Low) 15 3.28 ± 0.15 20.7 ± 1.2b

130 (Medium) 16 3.36 ± 0.25 23.8 ± 0.4a

150 (High) 14 3.67 ± 0.12 23.9 ± 0.4a

P-value NS 0.025
Lamb sex

Male 25 3.52 ± 0.16a 23.8 ± 3.4a

Female 18 3.36 ± 0.13b 21.8 ± 0.5b

P-value < 0.001 < 0.001
Parity

1  22 3.06 ± 0.17b 21.2 ± 1.8b

2 17 3.23 ± 0.20ab 22.5 ± 0.9b

3 6 4.03 ± 0.22a 24.7 ± 0.7a

P-value 0.002 0.016
Lambing weight (kg)

<34 2 2.63 ± 0.01b 20.1 ± 2.8c

35–39 11 2.91 ± 0.29b 22.1 ± 0.07b

40–44 21 3.69 ± 0.14ab 24.0 ± 0.8a

45–49 7 4.09 ± 0.23a 24.6 ± 1.0a

>50 4 3.88 ± 0.33a 23.2 ± 0.8ab

P-value 0.044 0.025
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Table 7
Weight changes of lambs from birth to weaning of ewes fed varying protein level
pre- and post-partum (least square means ± SE).

Item Dietary protein level (g/kg DM)  P-value

110 (Low) 130 (Medium) 150 (High)

Total weight gain (kg) 17.4 ± 0.6b 20.4 ± 0.3a 20.2 ± 0.4a 0.039
Average daily gain (g) 177.2 ± 21.1b 208.1 ± 11.5a 206.3 ± 11.2a 0.002

tation (Olafadehan and Adewumi, 2009). Abdalla et al. (2012) also
S = not significant (P > 0.05).
eans with different superscripts along the column are significantly differ (P < 0.05).

Beside level of protein and weight of ewes at lambing which
ad a pronounced effect on milk composition, lamb sex and parity
f ewe had no effect (P > 0.05). Milk fat was higher (P < 0.05) for
igh protein level than for low protein level. Whereas solids-not-

at (SNF) was similar (P > 0.05) among the protein levels, milk fat
nd total solids were higher (P < 0.05) for medium and high protein
evels relative to low protein level (Table 4).

Weights of ewes at mating, late pregnancy, lambing, and
hroughout lactation period were not (P > 0.05) affected by protein
evel during the last two months of gestation and throughout the
actation, except at 3rd month of lactation. Lactating ewes fed high
rotein level at 3rd month of lactation were heavier (P < 0.05) than
wes fed medium and low protein levels (Table 5).

Whereas level of protein had no (P > 0.05) effect on lamb birth
eight and lamb sex, parity and lambing weight of ewes affected

P < 0.05) lamb birth weight. Male lambs were heavier (P < 0.05) at
irth than female lambs. Ewes in their 3rd parity produced heavier

ambs at birth relative to ewes in their 1st parity. Similarly, heavier
wes in the weight range of 45–49 kg and those above 50 kg BW
t lambing produced lambs with heavier birth weight compared

o ewes with lower weight at lambing (Table 6). Lambs of primi-
arous ewes were lighter (P < 0.05) at birth than those of ewes with
ore than 3 parturitions. Weaning weight (WW)  of lambs was  sig-
Relative growth rate (%) 144.4 ± 2.0b 150.5 ± 1.5a 147.3 ± 2.0a 0.012

Means with different superscripts along the row are significantly differ (P < 0.05).

nificantly (P < 0.05) affected by pre- and post-partum protein level,
lamb sex, dam parity and ewe weight at lambing (Table 6).

Total weight gain, average daily gain and relative growth rate
were superior (P < 0.05) for lambs born to ewes fed medium and
high protein levels pre- and post-partum relative to the lambs of
ewes fed low protein level pre- and post-partum (Table 7).

4. Discussion

The peak of milk production (4th to 6th week of lactation) is in
consonance with earlier reports on Awassi ewes (Al-Jassim et al.,
1999). Milk yield consistently declined with advancing lactation
indicating a negative correlation between milk yield and lacta-
tion period. Similar observations were reported by Olafadehan and
Adewumi (2010) for pre-partum supplemented Bunaji cows.

Increasing dietary protein level increased the amount of milk
suckled by the lambs and also surplus or extractable milk pro-
duction. The amount of milk available for suckling is a function
of the milk production of the dam; hence, ewes fed 150 g CP/kg DM
supplied more milk because they equally had the higher milk pro-
duction. Increased milk yield for ewes fed medium and high protein
levels may  be due to the fact that high level of protein causes an
increase in the amount of protein leaving the rumen and thus alters
the amounts and proportions of amino acids available for absorp-
tion in the plasma which improve udder development and milk
production (Abdalla et al., 2012; Kholif et al., 2014, 2015). More-
over, Arnold et al. (1977) observed that increasing dietary protein
level form 80 to 140 g/kg DM gave a 15% increase in milk yield. In
the current study, milk yield was improved by 31.3 and 52.6% for
medium and high protein levels respectively compared to low pro-
tein level. Suckled milk accounted for about 73.5, 72.2 and 72.0%
of the total milk yield of ewes fed high, medium and low protein
levels respectively.

In concurrence with earlier studies (Abdalla et al., 2012), milk
composition in the current study was  affected by nutritional plane.
However, the marked effect of protein level on milk fat and protein
in the present study contradicts previous reports (Olafadehan and
Adewumi, 2010; Abdalla et al., 2012), but agrees with the submis-
sions of Al-Saigh and Khauzai, 1991.

Lack of treatment effect on weight of ewes at late pregnancy,
lambing and end of lactation period suggests that all the ewes
were in good condition, and the diets met  their requirements
for gestation and lactation. This implies that the diets supported
foetal development and lactation without the ewes metabolising
their body reserves. Dawson et al. (1999) also did not find any
effect of protein level on post-partum live weight of experimen-
tal ewes. However, Kidane et al. (2010) observed that ewes fed on
a higher protein diet were heavier than ewes on a lower protein
diet. Cases of diet effect on pre- and post-partum BW have been
attributed to the mobilization of the body reserves by dams to either
support foetal development or meet up with requirements for lac-
reported that feeding level had no effect on pre- and post-lambing
weight of Barki ewes. However, Aziz and Al-Dabbagh (2008) noted
that ewes on high plane of nutrition had more BW gain than those
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n low level feeding during the last period of pregnancy, but diet
ad no effect on BW at lambing and weaning.

At birth, male lambs were heavier than female lambs. More-
ver, heavier lambs were produced from ewes in their 3rd parity
han ewes in their 1st parity. There are conflicting reports on effect
f pre-partum feeding level of ewes on birth weight of their lambs.
hile Annett et al. (2008) and Abdalla et al. (2012) noted that pre-

artum feeding level of ewes produced no effect on birth weight of
heir lambs, Ocak et al. (2005) and Hashemi et al. (2008) reported
he contrary. The lack of protein level effect on birth weight of lambs
roduced by the experimental ewes confirmed the earlier conjec-
ure that the diets met  the requirements of the ewes for pregnancy
nd foetal growth because mobilization of body reserves to sup-
ort foetal growth, a situation experienced under under-nutrition
ondition, would have resulted in reduced ewes weight at lamb-
ng which was not similarly affected by the protein level in the
resent study. Higher birth weight of male lambs than female lambs

s supported by previous reports (Mousa et al., 2013; Rojo-Rubio
t al., 2016). The significantly higher birth weight of lambs by older
ams (3rd parity) than the lambs by younger ewes (1st parity) may
e attributed to the fact that many of the young ewes might not
ave reached adult size when they were bred and thus continued
o grow during gestation resulting in a competition with the foe-
us for available nutrients. This is in agreement with the findings
f Abbasi et al. (2012) and Mousa et al. (2013). Higher birth weight
f lambs of heavier ewes agrees with previous findings (Mokhtar
t al., 1991; Celi et al., 1994). Similarly, Ibrahim et al. (2015) showed
hat heavier cows produced heavier calves at birth. Higher WW of
ambs fed medium and high protein levels is due to higher milk
ield of their dams and thus milk suckled by them. Abd-Allah (2013)
eported higher WW for lambs whose dams were fed high protein
iet pre- and post-partum compared to those whose dams were
laced on maintenance diet. Also, Annett et al. (2008) found a sig-
ificant effect of protein level of the diets of gestating ewes on
he weaning weight of their lambs. However, Abdalla et al. (2012)
bserved no effect of feeding diets containing different dietary pro-
ein level to dams on the WW of their lambs. Higher WW of male
ambs is probably due to their higher birth weight, in agreement

ith earlier reports (Mousa et al., 2013). Heavier WW weight of
ambs of multiparous ewes in their 3rd parity compared to lambs
f primiparous ewes agrees with the reports of Abbasi et al. (2012)
nd Mousa et al. (2013), but disagrees with other findings (Abd-
llah, 2013), who reported no effect of parity on WW.  Higher WW
f lambs of heavier dams concurs with previous findings (Alkass
t al., 1985).

The superior total weight gain, average daily gain and relative
rowth rate of lambs of dams fed high and medium protein level
re- and post-partum were due to higher birth weight and milk
onsumption of these lambs. Parallel results were obtained by Abd-
llah (2013). However, Ocak et al. (2005) found no effect of feeding
iets with varying protein level to gestating ewes on the growth
ate of their lambs. Variation in results may  be due to differences
n diet, parity and season of the experiment, management, etc.

. Conclusions

High and medium pre- and post-partum protein improved suck-
ed milk by lambs, and milk fat, total solids and production relative
o low protein level. Similarly, total weight gain, average daily gain
nd relative growth rate were higher for lambs born to ewes fed
edium and high protein levels pre- and post-partum than those
f ewes fed low protein level. However, parity and weight of ewe
t lambing should also be given consideration for enhanced per-
ormance. Under the experimental condition, 150 g dietary CP/kg
M pre- and post-partum could be used to improve performance
Research 136 (2016) 221–226 225

of ewes and their lambs. Further studies should, however, be car-
ried out to investigate the different effects promoted by the diet
during pre- and post-partum periods on feed utilization, and milk
production and composition.
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