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  INTRODUCTION 
Sheep regularly exposed to inadequate nutrition in tradi-
tional grazing systems (Pulina et al. 2012). Therefore, sea-
sonal nutrient deficiency during lactation period negatively 
affects dams’ milk productivity and lamb growth character-
istics. Feeding practices in group conditions for highly pro-
ductive breeds (Chillard et al. 1998), inadequate nutritive 
value of ration (Cannas, 2004), and economic concerns 
(Martin and Kadokawa, 2006) may cause inadequate nutri-
tion in sheep production systems (Akbulut et al. 2021).  

Karacabey Merino breed obtained by crossing German 
Mutton Merino rams, and Kıvırcık ewes (Yalçın, 1986; 
Koyuncu and Uzun, 2009), knowing with high growth per-
formance and early lamb marketing in Turkey (Özcan et al. 
2004; Koyuncu, 2008; Sezenler et al. 2013). Creep feeding 
is a practice providing suckling lambs with concentrate feed 
while their dams have no access to feed that offered to 
lambs. Positive lamb growth responses from creep feeding 
reported in several studies (Wilson et al. 1971; Brand and 
Brundyn, 2015; Martinez et al. 2015). Wilson et al. (1971), 
reported that creep feeding increased DWG 28-36 g/head/d  

 

Nutrient deficiency during lactation period negatively affects dams milk production and lamb growth per-
formance. However, the effect of ewe nutrition level on growth rate of Karacabey Merino lambs raised with 
access to creep feeding is not clear. Therefore to study these effects, a total of 84 single lambed Karacabey 
Merino ewes (aged 3, 4, 5 years old, 68.05±0.96 kg of live weight (LW); 2.64±0.07 of body condition 
scores (BCS)), and their lambs (n=84) were divided into two feeding treatment groups: group with 32-35% 
(energy and protein) nutrient restriction (restricted feeding; RF) and control (control feeding; CF) group 
according to 100% of nutrient requirements. Lambs had free access to concentrate feed in creep feeding 
conditions until 96 days of weaning. Lactation milk yield was higher in CF group than RF group (P=0.01). 
Except for milk fat content (P=0.495), milking characteristics as daily milk yield, protein, lactose, and non-
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(P>0.05). Growth performance of male lambs was negatively affected by restricted nutrition of their dams, 
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the potential growth rate of suckling lambs in creep feeding condition. 
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comparing non-creep feeding lambs. The effect of ewe nu-
trition level on ewe performance and lamb growth in creep 
feeding conditions for specific breeds are not clearly re-
vealed so far.  

Underfed animals mobilize their body reserves, and the 
loss of body reserves is substantial depending on restriction 
level and duration (Ribeiro et al. 2019). Change of live 
weight (LW) and body condition score (BCS) throughout 
the year are common criteria to observe the state of nutri-
tional status of ewes (Calderia et al. 2007). Body reserves 
at birth, and the mobilization of body fat reserves during 
early lactation are important factors affecting milk produc-
tion (Cannas, 2004). Late gestation maternal nutrition may 
also decrease offspring metabolic parameters such as insu-
lin and IGF-1 in suckling lambs (Kiani, 2013). Milk yield 
and its content mainly depend on feeding conditions 
(Nickerson, 1995; Caja and Bocquier, 2001). Accordingly, 
seasonal nutrient deficiency of lactating ewes may limit 
ewe milk productivity and their lamb growth until weaning. 
Because lambs’ nutrient intake depends on ewes’ milk for 
their early life, after consuming solid foods milk depend-
ency gradually declines (Hernandez and Hohenboken, 
1980; Croston and Pollott, 1994; Degen and Benjamin, 
2005). Improving lactating ewe nutrition may improve 
growth rate of their lambs with increasing milk yield (Titi 
and Obeidat, 2008; Hutton et al. 2011), and may increase 
profitability of lamb meat production (Galvani et al. 2014; 
Brand and Brundyn, 2015).  

Therefore, the aim of this study was to investigate the ef-
fects of the adequate and restricted feeding level of ewe 
nutrition on the LW, BCS, milk yield, milk contents and the 
pre-weaning growth performance of suckling lambs in 
creep feeding practices.  

 

  MATERIALS AND METHODS 
Çanakkale Onsekiz Mart University Ethical Council of 
Animal Research (2010/4-03) approved all the experimen-
tal protocols and animal welfare was the first priority when 
dealing with animals throughout the experiment. 
 
Experimental site 
This experiment was carried out at the experimental farm of 
the Sheep Research Institute located in Northwest Turkey 
(40˚ 21 N; 27˚ 52 E) at altitude of 65 m. The mean ambient 
temperature and annual rainfall in this region were 14-31 ˚C 
and 500-700 mm respectively (TSMS, 2019).  
 
Animals, experimental design and feeding 
After parturition, single lambed ewes (n=84) and their 
lambs (n=84) were used. Ewes were divided into two 
groups (control feeding (CF), and restricted feeding (RF),  

based on live weight (LW) 68.05±0.96 kg), body condition 
scores (BCS; 2.64±0.07), age (3-5 year) and lambs’ gender 
(n=84; 42 males, 42 females). Lambs’ LWs were recorded 
before morning feeding by using an electronic scale in 
every two weeks while LWs of the ewes were measured 
monthly. BCSs scaling were determined by an experienced 
person and LW has been recorded monthly during the ex-
periment period according to 1-5 scale (Russel et al. 1969).  
The feeding plan was estimated 100% of nutrient require-
ments for control ewes (CF) and around 32-35% of energy 
and protein restriction for restricted ewes (RF) for lactation 
according to NRC (2007) (Table 1). The creep feeding sys-
tem was used for lambs’ nutrition. Lambs were kept with 
their dams all day for the first ten days after birth. After ten 
days, lambs were separated from their dams and two times 
daily allowed for suckling morning and afternoon at 08:00 
and 16:00, respectively. Suckling time was decreased pro-
gressively from 60 minute to 30 minute after two months of 
lactation. Ewe concentrate feed formulated 60% wheat, 
18% wheat bran, 20% sunflower seed meal, 0.1% mineral 
vitamin premixes, 0.4% salt and 1.5% CaCO3. Lamb con-
centrate feed formulated 60% wheat, 12% wheat bran, 25% 
sunflower seed meal, 0.1% min-vit. 1.0% salt and 1.9% 
CaCO3. The dried samples were ground using a 1 mm 
sieve, and analyzed for dry matter (DM), crude protein 
(CP), ash and ether extract (EE) (AOAC, 1985). Neutral 
detergent fiber (NDF) and acid detergent fiber (ADF) con-
tent were analyzed according to method described by Van 
Soest et al. (1991). Metabolic energy (ME) levels of the 
feeds used in the study was calculated by means of the 
equation proposed by TSE (1991). ME, kcal/kg OM= 3260 
+ 0.455 (A) – 4.037 (H) + 3.517 (B), A= crude protein, 
g/kg OM, H= crude fiber, g/kg OM and B= ether extract, 
g/kg OM. 
 
Milk yield and contents 
Ewes milk yield that determined control milking was as-
sumed consumed by lambs. Lambs were separated from 
their dams for 10 hours at the milk control day. Morning 
and afternoon milking was carried out following day 
(morning milking at 08:00, and afternoon milking next day 
at 16:00) not to suffering the development of the lambs. 
Later on, in the morning and afternoon daily milk yield 
(DMY) and lamb milk consumption were recorded. From 
test-day milk yields, 96 d milk yields were estimated by the 
Holland method (Lactation yield=mean of test day 
yields×lactation duration (days)) (Özcan, 1989). Lactation 
milk yield were estimated by milk yield and contents (fat, 
protein, dry matter and lactose, %) were measured 14 day 
intervals during the 96 day of suckling period at 7 control 
days. Milking was performed by hand and recorded with 2 
g precision weighing scales.  
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Protein, fat, non-fat solid and lactose components were 
monitored as milk nutrients. Milk samples (50 g) were 
taken to falcon tubes in the morning and afternoon to de-
termine milk nutrient components. Milk samples kept one 
day long in the refrigerator 4 ˚C for analysis. Then, taken an 
average of data from morning and afternoon milks and were 
used in calculation of average. Milk composition of protein, 
fat, fat-free dry matter and lactose were analyzed by auto-
mated near-infrared spectroscopy.  
 
Data calculation and statistical analyses 
Daily concentrate feed intake was calculated as the differ-
ence between feed offered and refused by lambs in group 
based. The calorific value of milk was calculated by adding 
the energy from protein, fat and lactose using as energy 
values of 23.4, 39.3, and 17.6 MJ/kg for fat, protein and 
lactose, respectively (Economides, 1986). All analyses were 
performed with SAS version 9.3 (SAS, 2014). Data for 
milk yield, milk contents (fat, protein, milk dry matter, den-
sity and lactose) and daily weight gain (DWG) of lamb 
were analyzed with repeated measured analysis of variance 
using Proc-Mixed.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Chemical composition of feeds and daily nutrient intake for ewes and lambs

Feeding treatments1 
Feed/nutrients Lambs 

Control feeding  Restricted feeding 

   Chemical composition, % as DM 
   Concentrate  

DM 91.0 91.0 88.5 

CP 14.58 14.58 15.19 

NDF 24.82 24.82 20.02 

ADF 10.63 10.63 12.37 

EE 2.40 2.40 2.30 

   Vetch  
DM 88.50  88.50  - 

CP 16.51 16.51 - 

NDF 42.07 42.07 - 

ADF 30.82 30.82 - 

EE 2.10 2.10 - 

- -  Alfa alfa forage 
DM - - 90.50 

CP - - 16.43 

NDF - - 46.72 

ADF - - 24.45 

EE - - 2.90 

Nutrient intake (head.d-1)    

Concentrate (g/head/d) 1.000 500 Ad-lib 

Vetch (g/head/d) 500 500 - 

Alfa-alfa (g/head/d) - - 100 

DM (g/head/d) 1.353 898 - 

ME (kcal/head/d) 4.155 2.722 - 

CP (g/head/d) 199 135 - 
1 The feeding plan was 100% of nutrient requirements for control feeding (CF) and around 32-35% of energy and protein restriction for restricted feeding (RF) for 
lactation according to NRC (2007).  
DM: dry matter (% of fresh weight); ME: metabolizable energy; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber and EE: ether extract. 

 
The model included the fixed effects of nutrition treat-

ment; CF, and RF, lamb gender (male, female), dam age (3-
5 years), experimental periods (12, 26, 40, 54, 68, 82 and 
96th days) and the interaction of these factors. Data for lamb 
birth weight and body weight at weaning were analyzed 
with ANOVA. Post-hoc comparisons were performed with 
the Tukey test with a significance level of P < 0.05. 
 

  RESULTS AND DISCUSSION 
Ewes average LW (68.05±0.96kg), and BCS (BCS; 
2.64±0.07) were similar (P˃0.05) between CF and RF 
groups at the beginning of the study (Figure 1 a and b). 
Ewes in CF group lose 10 kg of BW and 0.2 BCS, while 
ewes in RF group lose 15 kg BW and 0.75 BCS at the end 
of the 3 months of early lactation period (P=0.001). 

As shown in Table 2, except milk fat content (P=0.495), 
ewes in CF group had higher (P≤0.001) DMY, milk con-
tents of protein, lactose, and non-fat solids (NFS) than RF 
group. Accordingly, total milk yield (TMY) was higher 
(P=0.001) in CF ewes than RF ewes (Table 2). Milk fat 
content was higher in older ewes than younger (P<0.001).  
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Figure 1 The changes of live weight (a) and body condition score (b) of 
ewes according to group (CF and RF) in timeline for lactation periods. 
Error bars represent standard errors of LSMEANS. At each time point, 
LSMEANS accompanied by an asterisk (*) indicate a significant differ-
ence (P<0.05) 

 
In contrast, lactose content was higher in three aged ewes 

than five aged ewes (P=0.010). Average DMY decreased 
from 660 g/d at the beginning of lactation to 290 g/d at 96th 
day of lactation (Figure 2). 

Nutrient consumption estimated 135 g/head/d CP and 2.7 
kcal/head/d ME in RF ewes while 199 g/head/d CP and 4.2 
kcal/head/d ME in CF ewes. Feeding treatment and age 
interaction was significant on the DMY, milk protein, milk 
NFS and milk density (P<0.05). Protein, NFS content and 
density value were similar in all ages in restricted group 
while found significant between four and five aged ewes in 
control group (P=0.001).  

Feeding treatment (control vs. restricted) and period in-
teraction was significant for all milk characteristics (Table 
2; P<0.05). Stage of lactation significantly (P<0.01) af-
fected milk quantity and protein, lactose, fat and NFS con-
tent. DMY, protein and lactose content were affected from 
age and treatment interaction (P≤0.05). DMY was found 
lowest in 3 year ewes in RF group while all ages were simi-
lar. 

 
Lamb growth performance 
Birth weights was similar (P=0.606) for CF lambs and RF 
lambs (5.3±0.11 kg) without any significant interaction 
with feeding treatment. Lamb BW, DWG, and WW were 
found significant (P<0.05) between dams age. Mean DWG, 
and WW of lambs from four aged dams were higher than  

lambs from three and five aged dams (P<0.01). Mean daily 
concentrate feed consumption of lambs were determined 
579.44 g/d, and 595.00 g/d for CF and RF groups respec-
tively (Table 3). Mean concentrate feed intake of lambs 
increased from 23 g.d-1 at 12 days to 1170 g.d-1 at 96 days 
while daily milk offer decreased from 663 g.d-1 to 290 g.d-1 
for the same period (Figure 2). In total, lambs from control 
and restricted ewes had 48.67 and 49.98 kg concentrate 
feed consumption and 45.30 kg and 38.80 kg milk offer 
respectively for 96 days of creep feeding. Average DWG 
were 313.3 ± 6.01 g/d and 292.7 ± 6.01 g/d for CF and RF 
lambs, respectively (P=0.016). Lambs WW were 35.3 ± 
0.62 kg and 33.5 ± 0.62 kg for CF and RF lambs, respec-
tively (P=0.050). 

A significant interaction (P<0.05) between feeding treat-
ment (CF vs. RF) and lamb gender was observed at the dif-
ferent control days (Table 4). The interaction effects of 
lamb gender and ewes feeding treatment was significant on 
mean DWG (P=0.01) and WW (P=0.036; Figure 2b) of 
lambs. Mean DWG of male lambs in control group was 
higher (P=0.010) than male and female lambs in both 
groups. 

 

In this study, RF had negative significant effect on ewes 
LW, BCS, milk yield and milk content and lamb perform-
ance. In several studies, LW and BCS of Karacabey Merino 
ewes were reported 62-71 kg, and 2.3-3.5, respectively 
(Oğan, 1994; Batmaz and Başpınar, 1999; Altınel et al. 
2000; Köycü e al. 2008).  

Decreasing LW and BCS in early lactation is inevitable 
results in lactating animals due to they have possibly high-
est nutritional requirements in this physiological stage. In 
this study, nutritional treatments resulted in a difference of 
5.45 kg and 0.55 mean LW and BCS of ewes between the 
CF and RF groups. Milk yields of Karacabey Merino were 
reported around 97-100 kg for 140-141 days of lactation 
period (Başpınar et al. 1996; Yılmaz and Altınel, 2003). 
However, milk protein, fat, and lactose contents has not 
been reported for the Karacabey Merino. Results of this 
study were in harmony with the several studies for average 
values protein (5.0-6.3%), fat (4.3-8.7%), and lactose (4.0-
5.5%) content (Jandal, 1996; Sevi et al. 2000; Ochoa-
Cordero et al. 2002; Ciuryk et al. 2004; Pulina et al. 2005; 
Park et al. 2007).  

Nutrition markedly affects sheep milk composition. In 
this study milk fat content was similar between CF and RF 
groups. Both feeding treatment group (RF and CF) lost 
body weight.  

Milk yield and its composition had also changed accord-
ing to the stage of lactation, and daily yield declined with 
the lactation progress. While fat, protein and NFS content 
increased, lactose content decreased during the later stage 
of lactation.  
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Figure 2 a) daily milk yield (g), and concentrate feed consumption of 
lambs (g) according to feeding treatment of ewes (CF vs. RF)  
b) weaning weight of lambs at the 96 day according to feeding treatment 
of ewes (CF vs. RF), and lamb gender  
abc Different letters and asterisk indicate significant differences among 
groups (P<0.05) 

 
In agreement with previous studies on milk protein, fat 

and NFS content of the sheep milk increased with stage of 
lactation and lactose decreased (Brett et al. 1972; Ploumi et 
al. 1998; Ochoa-Cordero et al. 2002; Ciuryk et al. 2004; 
Molik et al. 2008). Lactose content decreased slightly and 
the highest value obtained at the first control day in contrast 
to protein and fat content. Lactation stage, milking interval 
and weaning time may affect chemical composition of 
sheep milk (Angeles-Hernandez et al. 2020). Milk protein 
is largely affected by nutritional factors. Dietary-protein 
solubility and degradability and energy availability at ru-
men level can largely affect this fraction, especially milk 
urea (Nudda et al. 2020). 

 
 

 
 
 
 
 
 
 
 
 

 

Table 2 Least square means of the milk yield and milk contents according to feeding treatment and age during suckling period 

Feeding treatment1 Age 
Parameter2 

Creep time (or suckling time) of lambs would be a di-
mension for lambs’ nutrient intake in addition to dams’ 
feeding conditions. Therefore, creep time may affect both 
lamb and ewe performance. In this study, during the creep 
feeding, the lambs had the access to suckling only two 
times a day with their mother for 1-2 hours in total. There-
fore, the conditions that lambs consume all milk produced 
by their dams are controversial. Lambs dramatically start to 
consume more solid food at day 40 during creep feeding. 
Accordingly, creep time had to be restricted to prevent dis-
turbing dams. Improving dams’ nutrient may increase 
growth rate of their offspring (Galvani et al. 2014; Brand 
and Brundyn, 2015).  

Alexandre et al. (2001), reported a significant difference 
in DWG of lams from high level fed ewes than adequate 
and restricted ewes. A significant interaction between lamb 
gender and feeding treatment was found on the growth per-
formance of lambs.  

As a result of interaction between lamb gender and nutri-
tional treatments of dams, male lambs in CF group had 
higher WW than male lambs in RF group, while female 
lambs had similar WW in both group. This may be specu-
late to that male lambs have higher DWG (348 g/d) com-
paring female (280 g/d). In this case, the nutrient require-
ments of ewes may evaluate depending on whether they 
have female or male lambs.  

Karacabey Merino breed lambs extensively practices 
based concentrate diet plus milk from dams in creep feed-
ing condition until weaning around 90-120 days results in 
38-40 kg live-weight at slaughter. Several studies evaluated 
weights of lambs at birth, weaning and fattening perform-
ance of Karacabey Merino after weaning (Akgündüz et al. 
1993; Tekin and Akçapınar, 1994; Altınel et al. 2000; 
Sezenler et al. 2013).  

Karacabey Merino lambs DWG and WW (around 90 
day) were reported as 260-290 g/d, and 26-31 kg respec-
tively (Tekin and Akçapınar, 1994; Özcan et al. 2004; 
Koyuncu and Uzun, 2009). In this study mean DWG and 
WW of lambs were found higher. Main reason can be ex-
plaining here lamb performances evaluated singleton ani-
mals and the positive affect of creep feeding.  

 

CF RF P ≤ 3 4 5 P ≤ 
FT × age 

45±1.73a 39±1.73b TMY (kg) 0.010 43±2.12 41±2.12 42±2.12 0.880 0.176 

476±8.59a 409±8.59b DMY (g/d) 0.001 447±10.52 433±10.52 447±10.52 0.570 0.001 

6.1±0.01a 5.9±0.01b Protein (%) 0.001 6.0±0.01 6.0±0.01 6.0±0.01 0.923 0.001 

4.8±0.07b 5.0±0.07b 5.4±0.07a Fat (%) 5.1±0.06 5.0±0.06 0.495 0.001 0.229 

4.3±0.01a 4.1±0.01b Lactose (%) 0.001 4.3±0.01a 4.2±0.01ab 4.2±0.01b 0.010 0.070 

11.5±0.02a 11.0±0.02b NFS (%) 0.001 11.3±0.03 11.3±0.03 11.2±0.03 0.566 0.006 
CF: control feeding; RF: restricted feeding; TMY: total milk yield; DMY: daily milk yield and NFS: non-fat solids. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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It is assumed that potential high growth rate of male 

lambs could not achieve as a result of dams’ restricted feed-
ing condition (32-35% energy and protein restriction) dur-
ing suckling period while no difference was observed in 
female lambs. Therefore, lamb growth performance was 
negatively affected from low level feeding of their dams 
and high growth performance of Karacabey Merino lambs 
declined when ewes fed under the nutrient requirements of 
lactation. 
 

  CONCLUSION 

The results of the study provide new evidence for the sheep 
breed of Karacabey Merino that known for high growth 
performance and early lamb marketing. Breeder widely 
practice indoor feeding of ewes combined with creep feed-
ing of lambs in winter. Dams have the highest nutrient re-
quirements during early lacation in the different physiologi-
cal periods. Even in grazing condition ewes may not com-
pensate their nutrient requirements. Restricted nutrition (32-
35% energy and protein restriction) decreased ewe LW, 
BCS, milk yield, some milk contents (protein, lactose and 
NFS) during early lactation. Lamb growth performance was  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
also decreased with the interaction of lamb gender in re-
stricted ewes. Considering that possible feed restrictions 
depending on the production conditions, special care can be 
taken to feeding of ewes with fattening male lambs. How-
ever, the dimensions of feed restriction remain important in 
rearing conditions for the lambs in creep feeding practices. 
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