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Introduction

Dairy sheep is a traditional branch of livestock 
in countries of Central and East Europe including  
Slovakia. In recent years, possibilities to improve 
milking ability traits that influence profitability of 
dairy sheep sector were investigated (Mačuhová et al., 
2012; Antonič et  al., 2013; Krupová et  al., 2014). 
Purebred mating and breeding values prediction 
(Oravcová et al., 2005; 2015) contributed to the in-
crease in milk production of local breeds (Tsigai, Im-
proved Valachian). Besides, highly productive dairy 
breeds (Lacaune, East Friesian) helped to develop  

a recently recognised composite breed – Slovak Dairy 
sheep, which produces more milk than purebred local 
breeds (Margetín et al., 2013a;b). With respect to fur-
ther increase of revenues from milk, possibilities how 
to optimise lamb rearing systems in dairy sheep are 
searched. Main goals are: more milk (mainly before 
lamb weaning) sold and no lamb growth intensity  
decreased. The latter is economically important due 
to fact that lambs share about 30% proportion of total 
revenues from dairy ewes (Krupová et al., 2014).

Lambs suckling ewe milk and weaned from 
40 to 60 days of age represent a traditional rearing 
system, predominantly applied in Slovakia and 

ABSTRACT. The objectives were to analyse ewe milk and lamb growth traits 
of Slovak Dairy sheep breed. Three lamb rearing systems were formed, i.e., 
ARM2: ewes milked twice daily throughout a whole lactation, lambs fed with milk 
replacer almost from birth to weaning; TRM1: ewes milked once daily and suck-
led by lambs in pre-weaning period; TRM0: ewes exclusively suckled by lambs 
in pre-weaning period. After weaning, all ewes were milked twice daily. General 
linear models were used for analyses of ewe daily/cumulative milk yields, fat, 
protein and lactose percentages/yields, usable dry matter yields and somatic 
cell scores in pre-weaning, post-weaning and lactation periods, and lamb live 
weights at birth/selected ages and their daily gains from birth to weaning. Lamb 
rearing system, ewe parity/age and litter size were considered as fixed factors. 
Additionally, lamb sex was included in growth analyses. The significantly highest 
cumulative milk yield was found in ARM2 ewes (202 ± 7 l); lower yield (by 17 and 
64 l) was found in TRM1 and TRM0 ewes, respectively. In pre-weaning period, 
fat percentage and yield were significantly lower in TRM1 ewes (2.75 ± 0.14% 
and 0.85 ± 0.12 kg) than in ARM2 ewes (4.40 ± 0.13% and 2.76 ± 0.12 kg)  
as lamb contact makes ewes to with hold certain amounts of milk and fat in  
alveoli while machine milking to remain for offspring. No significant differences in 
daily gains among TRM1, TRM0 and ARM2 lambs were found (0.260 ± 0.007, 
0.277 ± 0.006 and 0.259 ± 0.008 kg, respectively). Summarizing, without nega-
tive effect on lamb growth, TRM1 system seems to be the most appropriate.

Received: 6 May  2019
Revised: 31 October  2019
Accepted:	 20 February     2020

3 Corresponding author:  
e-mail: marta.oravcova@nppc.sk

https://doi.org
mailto:marta.oravcova@nppc.sk


28	 Milk and growth traits vs lamb rearing treatment

neighbouring countries. Highly productive ewes are 
able to produce more milk than suckling lambs need 
for their growth (McKusick et  al., 2001; Thomas 
et  al., 2014). However, rearing systems with lambs 
enabled to suckle ewes either exclusively or partially 
prior to exclusive machine milking occur occasionally 
(Marnet and McKusick, 2001); in spite of fact that 
about 25 to 30% proportion of milk yield is produced 
during first 30 to 60 days of lactation (Folman et al., 
1966; Dikmen et al., 2007). It was indicated that lamb 
rearing systems with ewes milked only after lambs 
are weaned decrease milk yield and reduce flock 
profitability (Gargouri et al., 1993; McKusick et al., 
2001).

In an effort to maximize amount of milk which 
can be sold, various lamb rearing systems could be 
applied (Papachristoforou, 1990; Gargouri et  al., 
1993; McKusick et al., 2001; Dikmen et al., 2007). 
Besides artificially raised lambs on milk replacer, 
diet with ewes exclusively milked almost from the 
beginning of lactation and traditionally raised lambs 
suckling ewe milk (weaned from 30 to 60 days of 
age) with ewes milked only in post-weaning period, 
mixed lamb rearing systems with lambs enabled to 
suckle ewes and ewes milked in pre-weaning period 
were introduced (Knight et al., 1993; Dikmen et al., 
2007). Changes in flock profitability were found 
when ewes were milked in pre-weaning period, i.e., 
more milk could be sold, while growth intensity of 
lambs remained unaffected (McKusick et al., 2001).

Increasing milk yield in dairy ewes, i.e., daily 
milk yield of about 1500 ml in most productive indi-
viduals has been reported for last twenty years (Mar-
getín et  al., 1995; 1996). Variant lamb rearing sys-
tems and their impact on ewe milk and lamb growth 
traits in Slovakia have not been studied until now. 

Therefore, the objectives of this study were to 
analyse ewe milk yield and composition traits in 
pre-weaning, post-weaning and lactation period, re-
spectively, and lamb growth traits in dependence on 
lamb rearing system: (1) system in which lambs are 
fed with milk replacer, (2) system in which lambs 
suckle ewes in part and (3) system in which lambs 
suckle ewes exclusively in pre-weaning period. 
Ewes and lambs of Slovak Dairy sheep breed were 
included in the experiment.

Material and methods
Animals and lamb rearing systems

The data were gathered at the farm of 
NAFC – Research Institute for Animal Production 
Nitra located in North-West Slovakia in 2017.  

A total, 113 ewes and 152  lambs of Slovak Dairy 
sheep were included in the experiment (Table 
1) that was designed with respect to ewe age, 
litter size and lamb sex. Slovak Dairy sheep is a 
composite breed which has been formed through 
mating between local breeds (Tsigai and Improved 
Valachian) and highly productive breeds (Lacaune 
and East Friesian) since the 90s of the last century 
and which has become the most numerous dairy 
sheep population (Margetín et  al., 2017). Shortly 
after delivering lambs, ewes were divided into three 
groups. First, ewes (32 heads) were machine milked 
twice daily (6:30 and 18:30) almost throughout  
a whole lactation (ARM2); lambs (39 heads) were 
separated from ewes and fed with commercial milk 
replacer. Second, ewes (39  heads) were machine 
milked once daily at 6.30 in pre-weaning period 
and twice daily in post-weaning period (TRM1); 
lambs (57  heads) were allowed to join ewes and 
suckle milk in daily hours (Margetín et al., 2010). 
Third, ewes (42 heads) were machine milked twice 
daily only after lambs were weaned (TRM0); 
lambs (56 heads) suckled ewe milk in pre-weaning  
period. 

Lamb and ewe diets and housing
Lambs of ARM2 lamb rearing system were fed 

with commercial milk replacer which consisted of 
50% of dried whey and 22% of refined vegetable 
oil (22.5% of nitrogenous substances, 0.1% of crude 
fibre and 7.5% of ash). A standard quality lucerne-
grass hay and additional feed mixture (18% of 
nitrogenous substances, 2.4% of fat, 4% of crude 
fibre and 4% of ash) were available ad libitum almost 
from the beginning of the experiment. Lambs were 
weaned at the age of about 50 days.   

Lambs of TRM1 lamb rearing system were kept 
in nurseries for night (Margetín et  al., 2010) and 
enabled to suckle ewe milk for limited daily time. 
Lambs were weaned at the age of about 55 days. 

Table 1. Data structure, ewe prolificacy and lamb mortality in 
dependence on lamb rearing system

Indices ARM21 TRM12 TRM03 Total
Number of ewes, heads   32   39   42 113
Number of lambs born alive, 
heads   40   57   57 154

Ewe prolificacy, % 125 146 136 136
Lamb mortality, heads     1     0     1     2
Number of lambs, heads   39   57   56 152
1 ewes milked twice daily throughout a whole lactation; 2 ewes milked 
once daily in pre-weaning period and twice daily in post-weaning 
period; 3 ewes milked twice daily only in post-weaning period 
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Lambs of TRM0 lamb rearing system were 
treated in nurseries, in the same way as TRM1 
lambs; however, ewes were not milked in pre-
weaning period and a whole amount of ewe milk 
was available for lambs. Lambs were weaned at the 
age of about 58 days. 

In addition to ewe milk, TRM1 and TRM0 
lambs were fed with the same standard quality lu-
cerne-grass hay and with the same additional feed 
mixture (ad libitum) as ARM2 lambs.

Ewes were housed and fed in the same way (to 
avoid any feeding effect on milk yield), regardless 
of lamb rearing system. Ewe feed mixture consisted 
of lucerne-grass hay, maize silage and concentrates 
(NEL, i.e., netto energy of lactation equalled to 
6.6 MJ; it comprises 15% of nitrogenous substanc-
es, 8% of crude fibre, 2.2% of fat and 3.3% of ash). 

Milking of ewes, milk yield and milk 
composition performance recording 

In winter, ARM2 and TRM1 ewes were milked 
in a small rotary parlour with 12 stalls (MILKOVIS, 
Valašská Bystřice, Czech Republic). In spring/sum-
mer, ewes of all three systems were milked in a low-
line parlour with 24 stalls (FARMTEC, Jistebnice, 
Czech Republic). Milking machines of both par-
lours were set to provide 160 pulsations per minute 
(50:50 ratio and vacuum level of 39 kPa). Test-day 
milk yields were measured weekly (in pre-weaning 
period or up to corresponding early age of lambs) 
and monthly (in post-weaning period) using certi-
fied milkometers and were performed by authorised 
persons of Breeding Services (Bratislava, Slovak 
Republic); milk composition percentages (fat, pro-
tein and lactose) and somatic cell count (SCC) of 
each test-day sample were determined in the certi-
fied laboratory of Breeding Services (Bratislava, 
Slovak Republic). To avoid non-normal distribution 
of SCC (Barillet et  al., 2001), somatic cell score 
(SCS) was calculated: SCS = ln (SCC / 100000 + 3). 

Regardless of lactation phase, daily milk yield 
was calculated as sum of machine and stripped milk. 
The difference between TRM1 and ARM2 ewes in 
pre-weaning period was as follows: daily milk yield 
referred to morning milking yield (TRM1 ewes) 
or daily milk yield referred to sum of morning and 
evening milkings (ARM2 ewes) taking into account 
AC method (as defined by ICAR, 2014). In post-
weaning period, daily milk yield referred to sum of 
morning and evening milkings taking into account 
AC method (as defined by ICAR, 2014). Daily milk 
fat, protein and usable dry matter (defined as sum of: 
milk fat and protein yields) yields were calculated 

taking into account fat and protein percentages and 
daily milk yield according to ICAR (2014).

Regardless of lactation phase, total (cumula-
tive) milk yield was calculated using Fleischmann 
method (ICAR, 2014) separately for pre-weaning 
and post-weaning period, respectively. Total lacta-
tion (cumulative) milk yield referred to sum of to-
tal (cumulative) milk yield in pre-weaning period 
and total (cumulative) milk yield in post-weaning 
period, except for total (cumulative) milk yield of 
TRM0 ewes which referred only to post-weaning 
period. Total (cumulative) milk composition yields 
were similarly calculated. Fat, protein and lactose 
percentages as well as SCS throughout respective 
lactation phases were also calculated.

Ewe prolificacy and lamb growth 
measurements

Ewe prolificacy was 136% on average  
(Table 1). There were 78  males and 74  females 
included in the experiment. With respect to litter 
size, 39% were single-lamb litters and 61% were 
multiple litters. Lambs were weighed at birth and 
at each test-day milk measurement before weaning 
(in addition, about 7-day old lambs were weighed). 
The last weight was measured at weaning. Test-day 
weight measurements were used to adjust for 10, 20, 
30 and 40 days of age (Table 1). Average daily gains 
were calculated as differences between weights at 
weaning and birth. 

Statistical evaluation
Analyses of variance for ewe milk and lamb 

growth traits were performed (General Linear Model 
procedure of SAS ver. 9.2 software; SAS Institute 
Inc. (2009)). The models for total (cumulative), i.e., 
commercial milk yields, fat, protein and lactose 
percentages, SCS and fat, protein and usable dry 
matter yields in pre-weaning, post-weaning and 
lactation period, respectively, included the following 
fixed effects: lamb rearing system (ARM2, TRM1 
and TRM0), parity (1, 2, 3, 4 and 5+) and litter size 
(single- and multiple-lamb births). The models for 
daily milk yields, and daily fat, protein and lactose 
percentages as well as SCS were analysed separately 
for respective lactation days and included the same 
fixed effects. 

Lamb growth traits were analysed using the 
models with the following fixed effects: lamb rearing 
system (ARM0, TRM1 and TRM2), lamb sex (male 
and female), litter size (single- and multiple-lamb 
litters) and ewe age (2, 3, 4, 5 and 6+ corresponding 
with parity 1, 2, 3, 4 and 5+).
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Statistical significances of fixed effects were 
tested by Fischer F-test; statistical differences be-
tween individual levels were tested by post-hoc 
Scheffe’s multiple range tests. The significance was 
set to P < 0.05.

Results 

Milk yield and milk composition traits
In pre-weaning period, TRM1 ewes were milked 

5 days longer (55 ± 0.20 vs 50 ± 0.30 days, P < 0.05) 
than ARM2 ewes (Table 2). Average daily and total 
(cumulative) pre-weaning milk yield in ARM2 ewes 
were about two times higher than those in TRM1 
ewes (P < 0.01). Fat percentage in ARM2 ewes was 
by 47 percentage points higher than in TRM1 ewes 
(P < 0.01), while lactose percentage in ARM2 ewes 
was by 5 percentage points lower than in TRM1 ewes 
(P < 0.05). No significant differences in protein per-
centage and in SCS were found between ARM2 and 
TRM1 ewes. With respect to milk composition yields, 
these were found significantly higher (P < 0.01) in 
ARM2 ewes than in TRM1 ewes: fat yield, protein 
yield and usable dry matter yield, respectively.

In analyses regarding post-weaning period  
(Table 3), no significant differences were found in av-
erage daily milk yield (values between 855 ± 23 and 
910 ± 27 ml) and in total (cumulative) post-weaning 
milk yield among three lamb rearing systems. No 
significant differences were also found in fat percent-
age and in SCS. Contrariwise, significant differences 
were found in protein percentage (between ARM2 
and TRM0 ewes, P < 0.05) and in lactose percent-
age (between ARM2 and TRM0 ewes, and between 

TRM1 and TRM0 ewes, P < 0.05 for both compari-
sons). With respect to milk composition yields, no 
statistical differences were found. 

In analyses regarding lactation milk traits  
(Table 4), differences between TRM0 ewes on one 
hand and ARM2 as well as TRM1 ewes on the 
other hand increased due to fact that lactation traits 
in TRM0 ewes were identical with post-weaning 
period, while lactation period in ARM2 and TRM1 
ewes referred to sum of pre-weaning and post-
weaning periods. Lactation length was about 8 days 
longer in TRM1 ewes than in ARM2 ewes; P < 0.05).  
 

Table 2. Milk yield and milk composition in pre-weaning period in 
dependence on lamb rearing system

Traits
Lamb rearing system
ARM21  
(n = 32)

TRM12  
(n = 39)

Length of pre-weaning period, days     50 ± 0.30a
      55 ± 0.20b

Total milk yield, l     66 ± 7A
      28 ± 6B

Daily milk yield, ml/day 1167 ± 37A
  511 ± 32B

Fat percentage, %   4.40 ± 0.13a 2.75 ± 0.14b

Protein percentage, %   4.84 ± 0.07 4.88 ± 0.07
Lactose percentage, %   4.79 ± 0.04a 5.01 ± 0.04b

Somatic cell score   4.20 ± 0.29 3.63 ± 0.28
Fat yield, kg   2.76 ± 0.12A 0.85 ± 0.12B

Protein yield, kg   2.99 ± 0.12A 1.59 ± 0.12B

Usable dry matter yield, kg   5.75 ± 0.24A 2.44 ± 0.32B

1  ewes milked twice daily; 2  ewes milked once daily in pre-weaning 
period; n  – number of ewes; A,B and a,b  – least squares means with 
different subscription within each trait differ either at P  < 0.01 or  
P < 0.05, respectively

Table 4. Total lactation milk yield and milk composition in dependence 
on lamb rearing treatment

Traits
Lamb rearing system
ARM21  
(n = 32)

TRM12  
(n = 39)

TRM03  
(n = 42)

Length of lactation, days    199 ± 0.20a     207 ± 0.20b     147 ± 0.10c

Total milk yield, l     202 ± 7a    185 ± 7b     138 ± 6c

Daily milk yield, ml/day  1014 ± 32a    887 ± 31b     855 ± 30b

Fat percentage, %   6.43 ± 0.14a   6.46 ± 0.13a   7.67 ± 0.13b

Protein percentage, %   5.21 ± 0.08a   5.48 ± 0.07b   5.80 ± 0.07c

Lactose percentage, %   4.70 ± 0.03a   4.49 ± 0.03b   4.50 ± 0.03b

Somatic cell score   4.05 ± 0.28   3.70 ± 0.26   4.16 ± 0.25
Fat yield, kg 13.29 ± 0.47a 12.13 ± 0.44a 10.83 ± 0.42b

Protein yield, kg 10.76 ± 0.39a 10.26 ± 0.36a   8.21 ± 0.34b

Usable dry matter yield, kg 24.86 ± 0.85a 22.40 ± 0.79a 19.04 ± 0.72b

1 ewes milked twice daily throughout a whole lactation; 2 ewes milked 
once daily in pre-weaning period and twice daily in post-weaning 
period; 3  ewes milked twice daily only in post-weaning period;  
n – number of ewes; a,b,c –   least squares means with different subscrip-
tion within each trait differ at P < 0.05

Table 3. Milk yield and milk composition in post-weaning period in 
dependence on lamb rearing system

Traits
Lamb rearing system
ARM21  
(n = 32)

TRM12  
(n = 39)

TRM03  
(n = 42)

Length of post-weaning 
period, days

  147    147       147 ± 0.10

Total milk yield, l   142  ± 14       148 ± 11       138 ± 5
Daily milk yield, ml/day   910  ± 27       891 ± 24       855 ± 23
Fat percentage, %   7.37 ± 0.15   7.32 ± 0.14     7.68 ± 0.13
Protein percentage, %   5.41 ± 0.08a   5.62 ± 0.07ab

    5.80 ± 0.07b

Lactose percentage, %   4.61 ± 0.03a   4.50 ± 0.03a
    4.93 ± 0.03b

Somatic cell score   3.98 ± 0.28   3.76 ± 0.26     4.16 ± 0.25
Fat yield, kg 10.51 ± 0.42 11.21 ± 0.39 10.84 ± 0.37
Protein yield, kg   7.70 ± 0.33   8.62 ± 0.31     8.20 ± 0.29
Usable dry matter yield, kg 18.26 ± 0.74 19.83 ± 0.68 19.05 ± 0.65
1 ewes milked twice throughout a whole lactation; 2 ewes milked once 
daily in pre-weaning period and twice daily in post-weaning period; 
3 ewes milked twice daily only in post-weaning period; n – number of 
ewes; a,b   – least squares means with different subscription within each 
trait differ at P < 0.05
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Both values significantly differed from lactation 
length of TRM0 ewes. With respect to average daily 
milk yields, these showed significant differences  
(P < 0.05) between ARM2 ewes on one hand, and 
TRM1 as well as TRM0 ewes on the other hand. 
Total commercial milk yield was found significantly 
higher (P < 0.05) in ARM2 ewes than in TRM1 ewes. 
When comparing to TRM0 ewes, differences in total 
cumulative milk yields between TRM0 and ARM2 
as well as between TRM0 and TRM1 ewes increased 
(P  < 0.05). Total commercial milk yield in TRM0 
ewes represented 68 and 75% of those in ARM2 and 
TRM1 ewes, respectively. The highest fat percentage 
was in TRM0 ewes; this significantly (P  < 0.05) 
differed from ARM2 and TRM1 ewes. Similar pattern 
in protein percentages was found. The only exception, 
in comparison to fat percentages, were statistical 
differences (P < 0.05) in protein percentages among 
all lamb rearing systems analysed. Lactose percentage 
was the highest in ARM0 ewes and significantly  
(P  < 0.05) differed from lactose percentages 
found in TRM1 and TRM0 ewes. No significant 
differences were found in SCS. When comparing 
lactation fat, protein and usable dry matter yields, 

these were higher in ARM2 and TRM1 ewes and 
significantly differed (P < 0.05) from these yields in  
TRM0 ewes.

Daily milk yield, daily milk composition 
percentages as well as SCS over lactation (ARM2 
and TRM1 ewes over pre-weaning and post-weaning 
periods; TRM0 ewes only over post-weaning 
period) are shown in Figure 1. Before weaning, 
significantly higher (P  < 0.05) daily milk yields 
in ARM2 ewes than in TRM1 ewes were found 
(at 17, 24, 31, 38, 45  and 52  day, respectively). 
Fat percentages in pre-weaning period were also 
found significantly higher (P  < 0.05) in ARM2 
ewes than in TRM1 ewes. When comparing trends 
in fat percentages between ARM2 and TRM1 ewes  
(in pre-weaning period), these are not in agreement 
with expectations due to fact that higher fat 
percentages corresponded with higher daily milk 
yields, not vice versa. Protein percentages, lactose 
percentages and SCS varied to a smaller extent 
(protein percentages significantly differed with 
exception of day 38, lactose percentages differed at 
17, 31 and 45 day of lactation and SCS differed only 
at day 38. 

Figure 1. Daily milk yields (A), fat, protein and lactose percentages (B, C and D, respectively), and somatic cell scores (E) in dependence on 
lamb rearing system: ARM2 – ewes milked twice daily throughout a whole lactation (■, n = 32), TRM1 – ewes milked (and suckled) once daily in 
pre-weaning period and twice daily in post-weaning period (▲, n = 39), and TRM0 – ewes suckled in pre-weaning period and milked twice daily 
in post-weaning period (●, n = 42)
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Lamb growth traits
No significant differences in live weights at 

birth, and at day 10  and 40 were found in depen-
dence on lamb rearing system (Table 5). With re-
spect to remaining ages, the highest live weights 
were mostly found in TRM0 lambs; these signifi-
cantly differed from both ARM2 and TRM1 lambs 
(P < 0.05). The only exception was live weight at 
weaning, which was slightly higher in TRM1 lambs 
than in TRM0 lambs. Both values significantly dif-
fered from live weight at weaning in ARM2 lambs. 

Discussion
Milk yield and milk composition traits

Findings about higher total commercial milk 
yield stated in ARM2 and TRM1 ewes than in TRM0 
ewes were in accordance with reports of Gargouri 
et  al. (1993), McKusick et  al. (2001) and Dikmen 
et al. (2007). McKusick et al. (2001) reported total 
milk yields higher in East Friesian ewes milked 
twice daily throughout a whole lactation (260.1 kg) 
than either in ewes milked once daily in pre-
weaning period (235.8  kg) or in ewes not milked 
in pre-weaning period (171.7 kg); thus TRM1 and 
TRM0 ewes produced 66 and 73% of commercial 
milk yield of ARM2 ewes. Gargouri et  al. (1993) 
reported that total milk yield in TRM1 Manchega 
ewes was by 27% higher than in TRM0 ewes (i.e., 
110.8 vs 80.8 l). Dikmen et al. (2007) reported that 
total milk yield in TRM1 Awassi ewes was by 28% 
higher than in TRM0 ewes (i.e., 103.3 vs 63.59 kg). 
Although differences in milk yields between ARM2 

and TRM1 ewes are largely due to differences in 
milking frequency in early lactation, McKusick 
et  al. (2001) indicated that these may be in part 
explained by inhibition of milk ejection during 
machine milking. This fact results from a lack of  
a proper signal which is only present when ewes are 
suckled by their lambs. In other situations, oxytocin 
release and milk ejection reflex are inhibited 
(Marnet and Negrão, 2000). Findings about lower 
fat percentage (and fat yield) in TRM1 ewes than 
in ARM2 ewes agree with Labussière et al. (1969), 
who reported that about 25% of fat is present in the 
cisternal milk fraction, while remaining fat remains 
in the alveolar milk fraction and is at disposal only 
after an active myoepithelial action has been taken 
out (Dikmen et al., 2007). According to McKusick 
et al. (2001) and Dikmen et al. (2007), fat stored in 
alveoli contributes to early lamb growth. The authors 
indicated that a lack of milk fat transfer to the cistern 
during machine milking could be a result of stress 
which increases when lambs are partially separated 
from ewes. Thomas et al. (2001) reported that ewes 
of this mixed treatment experienced impairment 
of both oxytocin release and milk ejection reflex 
because they expected that after milking they 
would be reunited with their lambs. Consequently, 
milking machine captured their cisternal milk but 
not alveolar milk, in which most of fat is present. 
Papachristoforou (1990) reported that Chios ewes 
suckled by their lambs showed some ability to 
withhold a certain amount of milk which is released 
only when ewes are stimulated by the presence of 
lambs. This author studied fat percentages in ewes 
of various lamb rearing systems between day 43 and 
day 77 after parturition; these were found higher in 
machine milked ewes permanently separated from 
their lambs than in machined (or hand) milked 
ewes suckled by their lambs for 5 to 10 min, having 
audiovisual (i.e., no direct) contact with offspring. 
In his experiment, all lambs were allowed to suckle 
ewes for first 29  days of age and stay with ewes 
for eight hours between 29  and 42  days of age. 
Significant differences in fat yield between alveolar 
and cistern milk were reported by McKusick et al. 
(2002) when investigating ARM2 and TRM1 ewes 
in first six weeks of lactation.

Trends in daily milk yields and fat percentages 
over lactation found in this study agree with findings 
of McKusick et  al. (2001) who also reported 
significantly different daily milk yields and fat 
percentages mainly in pre-weaning period. Trends 
in SCS showed less differences between ARM2 and 
TRM1 ewes in pre-weaning period when results 

Table 5. Lamb growth traits from birth to weaning in dependence  
on lamb rearing system

Traits
Lamb rearing system
ARM21  
(n = 39)

TRM12  
(n = 57)

TRM03  
(n = 56)

Live weight at
birth, kg   4.40 ± 0.09   4.11 ± 0.09   4.16 ± 0.08
10 days, kg   7.58 ± 0.20   7.52 ± 0.16   7.52 ± 0.17
20 days, kg 10.60 ± 0.31a 10.77 ± 0.25a 11.12 ± 0.24b

30 days, kg 13.63 ± 0.40a 13.46 ± 0.33a 14.49 ± 0.32b

40 days, kg 16.90 ± 0.43 16.77 ± 0.35 17.07 ± 0.34
weaning, kg 17.97 ± 0.53a 19.42 ± 0.43b 19.33 ± 0.42b

Age at weaning, days 50.00 ± 0.61a 55.00 ± 0.49b 58.00 ± 0.48b

Average daily gain from 
birth to weaning, kg

0.259 ± 0.008 0.260 ± 0.007 0.277 ± 0.006 

Live weight extrapolated 
to day 55, kg 

19.27 ± 0.53 19.42 ± 0.43 18.50 ± 0.42

1 ewes milked twice daily; 2  ewes milked once daily in pre-weaning 
period; 3  ewes not milked in pre-weaning period; n  – number of 
ewes; a, b  – least squares means with different subscription differ at  
P < 0.05
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of the present study were compared with study of 
McKusick et al. (2001). However, trends in protein 
percentages showed more differences between 
ARM2 and TRM1 ewes in pre-weaning period when 
results of the present study were compared with study 
of McKusick et al. (2001). Almost all differences in 
daily milk yield, fat and protein percentages as well 
as in SCS were found not significant in post-weaning 
period when all ewes were milked in the same way 
(in spite of fact that Slovak Dairy breed lambs were 
weaned later than East Friesian breed lambs). 

When comparing trends in lactose percentages 
between ARM2 and TRM1 ewes (in pre-weaning pe-
riod), these are not in agreement with expectations due 
to fact that higher lactose percentages corresponded 
with lower daily milk yields, not vice versa. After 
weaning, almost all differences in studied traits were 
found not significant in dependence on lamb rearing 
system. The only exception was day 73 when TRM1 
ewes significantly differed from ARM2 ewes in daily 
milk yield and protein percentage (P < 0.05). Lactose 
percentages varied to greater extent, significant dif-
ferences (P < 0.05) were found in favour of ARM2 
ewes (compared to TRM1 ewes) at 136, 164  and 
192 day, respectively. To authors’ best knowledge, no 
studies investigating the effect of lamb rearing system 
on lactose percentages over individual days in milk 
currently exist in the literature; therefore, respective 
comparisons could not be carried out. 

Lamb growth traits
Some benefits in terms of lamb growth intensity 

(Papachristoforou, 1990) in mixed treatment was 
reported, nevertheless, extra labour involved and 
stress on mother/offspring of joining and separating, 
together with an effect on milk fat should be taken 
into account when deciding whether this treatment is 
introduced. Peters and Heaney (1974) reported that 
difference between weights of lambs not separated 
from ewes and lambs separated from ewes at age 
of 35 days was significant (i.e., not separated lambs 
made better gains at early life than separated lambs). 
McKusick et al. (2001), however, reported no sig-
nificant difference in live weights and average daily 
gains of lambs at weaning (i.e., in 30-day old lambs) 
among three lamb rearing systems (ARM2, TRM1 
and TRM0). In the present study, live weights at 
weaning differed between ARM2 lambs (at 50 days 
of age) and both TRM1 and TRM0 lambs (at 55 and 
58  days of age, respectively), while average daily 
gains from birth to weaning appeared not to be of 
significant difference. Significant differences in live 
weights were probably a result of fact that ages at 

weaning in TRM1 and TRM0 lambs were signifi-
cantly higher than age at weaning in ARM2 lambs. 
When live weights were adjusted at 55 days of age, 
differences diminished. 

The findings of the present study indicate that 
lamb growth traits are almost the same in three lamb 
rearing systems and along with more milk which 
can be sold when ewes are once daily milked in pre-
weaning period; TRM1 lamb rearing system may be 
considered as more appropriate (although concern on 
lower fat should be taken into account). McKusick 
et al. (2001), who in addition to analyses of ewe milk 
and lamb growth traits performed economic evalua-
tions of lamb rearing systems, also preferred mixed 
system due to fact that additional labour and supplies 
associated with artificial rearing absorbed almost all 
financial advantages of exclusive machine milking. 
In contrast, TRM1 system showed some increase in 
profitability when comparing to TRM0 one. This may 
be taken into account when decisions on lamb rearing 
systems in Slovak Dairy sheep breed are made. 

Conclusions
With respect to negligible impact on lamb 

growth and taking into account that milk yield was 
the second highest, lamb rearing system which ena-
bles ewes to be once daily milked in pre-weaning pe-
riod provided more milk to sell or to use for cheese 
processing. Such system may be recommended as 
the most appropriate for Slovak Dairy sheep. The 
only limitation, which remains unsolved and which 
is similar to findings from similar experiments with 
various sheep breeds worldwide, is the low milk fat 
content found in pre-weaning period. Further effort 
needs to be done when facing this shortcoming.
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