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The research was carried out on 38 Kołuda ewes. Two trial milkings were done in June 2013 –  
the first in the 9th week of lactation, in the final suckling period, and the second in the 11th 
week of lactation, 14 days after weaning of lambs was complete. Thirty-eight ewes were cho-
sen and randomly assigned to two groups, each consisting of 6 ewes rearing single lambs, 10 
with twins and 3 with triplets. Before the first trial milking (I) the ewes were separated from 
their lambs for 12 hours. Half of the ewes were milked in the presence of lambs (group A) and 
the other half in the absence of lambs (group B). Samples of milk from the same ewes were 
taken during the commercial milking period, 2 weeks after the lambs had been weaned (se-
cond trial milking – I). There were no differences in milk yield or milk composition between 
ewes milked in the presence and absence of lambs. Milk of ewes milked 12h after separation 
from lambs had lower content of total solids (15.05 vs. 16.48 g/100 g, P≤0.01), protein (4.82 vs. 
5.18 g/100 g, P≤0.01) and fat (4.84 vs. 6.05 g/100 g, P≤0.01) but higher content of lactose (5.02 
vs. 4.78 g/100 g, P≤0.01) compared to milk from the same ewes 2 weeks after the lambs were 
weaned. The research showed a tendency in ewes rearing twins milked following separation 
from lambs to produce more milk, with higher content of total solids and fat but lower lactose 
content, in comparison to ewes rearing single lambs. Milk of ewes rearing triplet lambs did 
not differ from that of ewes rearing single and twin lambs, with one exception – milk of ewes 
rearing triplets had lower lactose content than the milk of ewes with single lambs. 
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A mixed system of suckling only during the day and machine milking once daily in the 
morning for the first 30 days of lactation in ewes is common in many countries [13, 23, 25]. 
The disadvantage is that such milk is low in fat content [10, 21, 23]. 
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Many authors have reported low fat content in milk after isolation or weaning of calves 
[5, 9, 20]. Dymnicki et al. [7] reported that milk of cows milked mechanically after 12-
-hour isolation of calves was characterized by very low fat content (0.55-0.87%). There 
were no differences in protein and lactose content compared to the standard composition 
of cow’s milk. Hoberg et al. [17] observed the same with goats. 

McKusick et al. [22] consider one or all of the following mechanisms to be responsi-
ble for low fat content in the milk of suckled ewes obtained by machine milking: 1) milk 
ejection during machine milking does not occur, 2) milk fat synthesis is inhibited and 3) 
fat transfer from the alveoli to the cistern between milkings does not occur. The authors 
believe that only the cisternal milk fraction is available during machine milking of ewes 
in a mixed system. According to Combellas and Tesorero [5], more than 80% of milk is 
stored in cow udder alveoli and transferred to the cistern by a neurohormonal reflex initia-
ted by contact of the calf’s mouth with the udder. Costa and Reinemann [6] show that the 
percentage of alveolar milk ranges from 30% to 50% in sheep. 

In ewes, McKusick et al. [22] determined that in cisternal milk the concentration of fat, 
but not protein, was lower than in alveolar milk (4.49% vs. 7.92%). Suckled ewes do not 
release all of their milk during machine milking. Thus the low fat percentage can be partly 
attributed to the fact that only some of the milk is stored in the cistern. Levy [19] observed 
a decrease of about 90% in fatty acid synthesis in rats within 24 hours after separation 
from their pups. The synthesis of fatty acids was restored when the pups were returned to 
the mother for suckling. Bencini and Pulina [2], in a literature review, describe the factors 
affecting the quality of sheep milk in Australia and New Zealand. Many papers have pre-
sented results showing that the milk yield of ewes with twin and triplet lambs is higher 
than in ewes with single lambs. Alexander and Davies [1] reported that two independent 
sets of data, obtained by two different methods of measuring milk production, show that 
milk yield is greatly influenced by the number of lambs suckled but not by the number of 
lambs born. There are few reports on the effect of the number of lambs reared or born on 
milk quality. 

The literature shows [2, 13, 14, 19, 21, 25] that ewes’ milk yield and synthesis of its 
components may be inhibited by the rearing and milking system due to stress and some 
hormonal changes. In the case of ewes milked during nursing without lambs present, it can 
be sustained by means of some visual and acoustic stimuli. The main aim of this study was 
to prove this hypothesis. Additionally, the influence of litter size on milk yield and milk 
composition was investigated. 

Material and methods

The research was done on 38 Kołuda Sheep ewes, aged from 2 to 7 years. The Kołuda 
Sheep was created by crossing ewes of three Polish native breeds (Polish Merino, Polish 
Lowland-Wielkopolska Sheep and Polish Longwool-Kamieniec Sheep) with rams of pro-
lific breeds (Romanov and Finn) and a dairy breed (East Friesian).

Two trial milkings were done in June 2013; the first (I) in the 9th week of lactation, in the 
final period of suckling, and the second (II) in the 11th week of lactation, 14 days after the 
lambs were completely weaned, in the initial period of the milking.
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The ewes were fed in one group, in accordance with their requirements, according to IZ 
feeding standards for ewes during lactation. Their diet consisted of alfalfa roughage – 4 kg, 
field-grass hay – 0.5 kg and concentrate – 0.5 kg. Thirty-eight ewes were chosen and ran-
domly assigned to two groups (A and B), each consisting of 6 ewes rearing single lambs, 
10 with twins and 3 with triplets. The body weights of the ewes were between 50-60 kg and 
their body condition score (BCS) ranged from 1.5 to 2.5 on a 5-point scale.

The sheep were milked mechanically in a separate location outside the sheep-shed. 
Before the first trial milking the ewes were separated from their lambs in the sheep shed 
for 12 hours during the evening (5:00 p.m.). Half of the ewes were milked in the presence 
of lambs (group A – visual and vocal contact with lambs during milking) and the other 
half in the absence of lambs (group B – without visual and vocal contact with lambs 
during milking). Samples of milk from the same ewes were taken during the commercial 
milking period in the 11th week of lactation and 12 hours after the last milking. Both mil-
kings were done mechanically at 5.00 a.m. The milking machine was set to provide 90 
pulsations per minute. The amount of milk for each ewe was measured in kg (accuracy 
to 0.000 kg). 

The milk samples were analysed at the laboratory of the Institute of Genetics and Ani-
mal Breeding in Jastrzębiec (MilkoScanTM FT2, Foss-Denmark). The milk composition 
was analysed for total solids, protein, fat, lactose and casein. 

The traits presented in Tables 1 and 2 were analysed using Student’s t-test for indepen-
dent samples. The traits presented in Tables 3 and 4 were analysed using one-way variance 
analysis by ANOVA [28]. Because there were no statistically significant differences in any 
of the traits analysed between groups milked in the 9th week of lactation in the presence 
or absence of lambs (Table 1), the data were treated as one group in the further analyses. 
The 3 models used for analysis included the following factors: milking technique (in the 
presence or absence of progeny), time of milking (following separation from lambs and 2 
weeks after weaning) and litter size (singles, twins and triplets).

Results and discussion

The results presented in Table 1 show that are no clear differences in milk yield and 
composition between ewes milked in the presence (B) and absence (A) of lambs. Com-
bellas and Tesorero [5] presented the results of a study carried out to evaluate the cow-
-calf relationship during milking and reported lower milk yield (–19.6%) in cows milked 
without the presence of the calf compared to cows stimulated by the calf. Fat content 
was lower as well: 1.2% vs. 2.4-2.7%. No data have been found to confirm these results 
in ewes.

Table 2 presents data on milk yield and milk components in ewes milked 12 hours 
after separation from lambs (I) and 2 weeks after weaning was complete (II). There were 
no differences in milk yield and casein content between I and II. However, the milk of 
ewes milked 12 h after separation from lambs (I) in the 9th week of lactation had lower 
content of total solids (15.05 vs. 16.48 g/100 g, P≤0.01), protein (4.82 vs. 5.18 g/100 g,  
P≤0.01) and fat (4.84 vs. 6.05 g/100 g, P≤0.01), but higher content of lactose (5.02 vs. 



22

B. Borys et al. 

4.78 g/100 g, P≤0.01) and protein-to-fat ratio (1.047 vs. 0.923, P≤0.05) than the milk of 
the same ewes milked 2 weeks after the lambs had been weaned (II). Borys and Dym-
nicki [3] reported similar results, but the differences in protein and fat content were 
much greater – 15.8 and 38.3%, respectively. McKusick et al. [23] and Fuertes et al. [10] 
observed a similar reduction in fat content after progeny separation in suckling ewes, as 
did Fröberg et al. [9] for suckling cows. There were no differences in protein and lactose 
content compared to the standard composition of sheep’s and cow’s milk. 

Hammadi et al. [16] showed that composition of goats’ milk was close to normal after 
separation from kids for 8-24 hours and oxytocin injection before milking. Similar results 
were obtained by Dymnicki et al. [8] for cows milked 12 hours after separation from ca-
lves. Milk obtained with injection of oxytocin contained approximately 3.2% fat, while 
milk obtained without an oxytocin injection contained only 0.5-0.9% fat.

In the present study, very high variation was observed in milk yield (v% = 39.5 and 41.3) 
and fat content (v% = 24.7 and 26.9). Fluctuations between milk yields were 0.168-0.558 kg  
for the group milked 12 hours after separation from lambs and 0.132-0.785 kg for the 
group milked 2 weeks after weaning. Fluctuations for fat content were 2.69-7.64 g/100 g  
and 3.05-10.00 g/100 g, respectively. 

Table 1 
Yield and composition of milk from ewes milked in the 9th week of lactation 12 hours after separation from 
lambs in the absence (A) or presence (B) of lambs 

Trait Statistical  
parameter

Milking 

SEM
A – without lambs B – with lambs 

Number of ewes n 19 19

Milk yield (kg) x 0.348 0.333 0.022
v% 44.6 34.4

Total solids (g/100 g) x 14.79 15.30 0.223
v% 8.9 9.3

Protein (g/100 g) x 4.69α 4.95α 0.069
v% 9.5 7.9

Casein (g/100 g) x 3.84α 4.05α 0.055
v% 9.3 7.1

Fat (g/100 g) x 4.66α 5.02α 0.194
v% 23.4 25.8

Lactose (g/100 g) x 5.07 4.98 0.036
v% 3.9 4.8

Protein-to-fat ratio x 1.050 1.045 0.039
v% 21.1 25.0

x – mean for the item  
v% – coefficient of variation  
Means within rows differ significantly: αα at P≤0.10 
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Table 3 presents the results for milk yield and its composition depending on litter size. 
Ewes rearing twins and milked after separation from lambs have a clear tendency (P≤0.10) 
towards higher milk yield (41.4%), total solids (7.5%) and fat content (24.9%) than ewes 
rearing single lambs, but a lower protein-to-fat ratio (17.3%). Many authors [2, 14, 15, 
26, 27] have reported that sheep with twin lambs produce more milk than those with a 
single lamb, and ewes rearing triplets produce more milk than those rearing twins. Burton 
[4] shows that ewes rearing 3 lambs produce more milk than those rearing 2 lambs. The 
author suggests that these ewes are more efficient at conversion of feed to milk production. 
There are a few papers on the effect of the number of lambs on milk composition, but the 
results are conflicting. Gardner and Hogue [11] validated our results that ewes rearing sin-
gle lambs had a lower concentration of fat in their milk than ewes rearing twins. The same 
authors in another paper [12] reported that ewes rearing twins produced milk with a higher 
fat and protein concentration than those rearing single lambs. Similar results were obtained 
by Serra et al. [26]. Gonzalo et al. [14] reported that ewes that had given birth to twins had 
higher milk yield (by 4.4%) than ewes with singles. However, fat and protein content fell 
by 1.7% and 0.8% in ewes with twins. Higaki et al. [18] reported that colostrum fat and 
protein content in the milk of ewes carrying triplets are higher than in ewes with twins. 

Table 2 
Yield and composition of milk from ewes milked in the 9th week of lactation, 12 hours after separation 
from lambs (I) and in the 11th week of lactation, 2 weeks after weaning (II)

Trait Statistical  
parameter

Milking 

SEMI – 12 h after separation 
from lambs

II – 2 weeks after  
weaning

Number of ewes n 38 37

Milk yield (kg) x 0.340 0.313 0.015
v% 39.5 41.3

Total solids (g/100 g) x 15.05A 16.48A 0.207
v% 9.1 11.5

Protein (g/100 g) x 4.82A 5.18A 0.064
v% 8.8 11.9

Casein (g/100 g) x 3.94 4.08 0.046
v% 8.6 10.8

Fat (g/100 g) x 4.84A 6.05A 0.178
v% 24.7 26.9

Lactose (g/100 g) x 5.02A 4.78A 0.036
v% 4.4 7.2

Protein-to-fat ratio x 1.047a 0.923a 0.031
v% 22.8 31.4

x – mean for the item   
v% – coefficient of variation  
Means within rows differ significantly: AA at P≤0.01, aa at P≤0.05
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Yilmaz et al. [30] and Ważna et al. [29] obtained no statistically significant differences in 
milk yield between the above-mentioned groups of ewes, and Mroczkowski et. al. [24] 
found no statistically significant differences in milk yield or in the content of its main 
components – protein, fat and lactose. 

The present study showed that milking of ewes with and without the presence of lambs 
had no impact on the chemical composition of their milk. There was no difference betwe-
en the milk yield of ewes milked 12 hours after separation (9th week of lactation during 
suckling) and the milk yield of ewes milked 2 weeks after weaning (commercial milking 
– 11th week of lactation). The milk of ewes obtained in the 9th week of lactation, just 12h 
after separation, had lower content of total solids, which was a consequence of its lower 
fat and protein content. This could potentially be a disadvantage of such milk in cheese 
production. 

The research showed a tendency in ewes rearing twins milked following separation 
from lambs to produce more milk, with higher content of total solids and fat but lower 

Table 3 
Milk yield and composition depending on litter size – milking in the 9th week of lactation 12 hours after 
separation from lambs

Trait Statistical  
parameter

Litter size 
SEM

1 2 3

Number of ewes n 12 20 6

Milk yield (kg) x 0.273α 0.386α 0.324 0.022
v% 32.1 38.0 39.4

Total solids (g/100 g) x 14.35α 15.43α 15.17 0.223
v% 6.0 9.7 9.6

Protein (g/100 g) x 4.67 4.84 5.06 0.069
v% 6.3 9.7 8.5

Casein (g/100 g) x 3.88 3.94 4.07 0.055
v% 6.3 10.0 7.7

Fat (g/100 g) x 4.18α 5.22α 4.89 0.194
v% 21.4 23.7 24.0

Lactose (g/100 g) x 5.16Aα 4.99α 4.89A 0.036
v% 4.1 3.7 5.4

Protein-to-fat ratio x 1.165α 0.964α 1.090 0.039
v% 22.8 18.4 26.7

x – mean for the item  
v% – coefficient of variation  
Means within rows differ significantly: AA at P≤0.01, αα at P≤0.10
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lactose content, in comparison to ewes rearing single lambs. Milk of ewes rearing triplet 
lambs did not differ from that of ewes rearing single and twin lambs, with one exception 
– the milk of ewes rearing triplets had lower lactose content than the milk of ewes with 
single lambs. 

REFERENCES

1.	 ALEXANDER G., DAVIES H.L., 1959 – Relationship of milk production to number of lambs 
born or suckled. Australian Journal of Agriculture Research 10, 5, 720-724.

2.	 BENCINI R., PULINA G., 1997 – The quality of sheep milk: a review. Australian Journal of 
Experimental Agriculture 37, 485-504.

3.	 BORYS B., DYMNICKI E., 2012 – Wstępne porównania składu mleka owiec kołudzkich z 
doju w okresie ssania i po odsadzeniu jagniąt. Materiały konferencyjne LXXVII Zjazd Pol-
skiego Towarzystwa Zootechnicznego, Wrocław 2012. Wydanie na CD, 113. 

Table 4 
Milk yield and composition depending on litter size – milking in the 11th week of lactation 2 weeks after 
weaning 

Trait Statistical  
parameter

Litter size 
SEM

1 2 3

Number of ewes n 12 20 5

Milk yield (kg) x 0.315 0.303 0.351 0.021
v% 59.0 32.5 24.1

Total solids (g/100 g) x 15.79 16.75 17.05 0.312
v% 10.7 12.7 5.8

Protein (g/100 g) x 4.90 5.31 5.37 0.101
v% 10.7 12.4 9.1

Casein (g/100 g) x 3.89 4.15 4.27 0.073
v% 9.5 11.4 8.6

Fat (g/100 g) x 5.55 6.25 6.42 0.268
v% 28.7 28.9 8.7

Lactose (g/100 g) x 4.88 4.71 4.80 0.056
v% 6.5 8.0 4.7

Protein-to-fat ratio x 0.975 0.913 0.837 0.048
v% 39.2 29.0 3.6

x – mean for the item;  
v% – coefficient of variation



26

B. Borys et al. 

4.	 BURTON J., 2002 – Ewes – a summary of information Northern Sheep Council Management 
of Triplets Ewes.

5.	 COMBELLAS J., TESORERO M., 2003 – Cow-calf relationship during milking and its effe-
ct on milk yield and calf live weight gain. Livestock Research for Rural Development 15, 
3, 1-10.

6.	 COSTA D.A., REINEMANN D.J., 2003 – The need for stimulation in various bovine breeds 
and other species. Centenary International Dairy Federation Conference, Bruges (Belgium).

7.	 DYMNICKI E., GOŁĘBIEWSKI M., SZULC T., 2012 – Skład mleka krów w zależności od 
fazy doju. Materiały konferencyjne LXXVII Zjazd Polskiego Towarzystwa Zootechnicznego, 
Wrocław 2012. Wydanie na CD, 113. 

8.	 DYMNICKI E., SOSIN-BZDUCHA E., GOŁĘBIEWSKI M., 2013 – Effects of separation 
and injection of oxytocin on milk performance and milk composition of the Polish Red cows. 
Archiv Tierzucht – Archives of Animal Breeding 56, 88.

9.	 FRÖBERG S., ASPEGREN-GÜLDORFF A., OLSSON I., MARIN B., BERG C., HERNÁN-
DEZ C., GALINA C.S., LIDFORS L., SVENNERSTEN-SJAUNJA K., 2007 – Effect of re-
stricted suckling on milk yield, milk composition and udder health in cows and behaviour 
and weight gain in calves, in dual-purpose cattle in the tropics. Tropical Animal Health and 
Production 39, 1, 71-81.

10.	 FUERTES J.A., GONZALO C., CARRIEDO J.A., SAN PRIMITIVO F., 1998 – Parameters 
of test day milk yield and milk components for dairy ewes. Journal of Dairy Science 81, 
1300-1307.

11.	 GARDNER R.W., HOGUE D.E., 1964 ����������������������������������������������������–��������������������������������������������������� ��������������������������������������������������Effects of energy intake and number of lambs suck-
led on milk yield, milk composition and energetic efficiency of lactating ewes. Journal of 
Animal Science 23, 935-942.

12.	 GARDNER R.W., HOGUE D.E., 1966 – Milk production, milk composition and energetic effi- 
ciency of Hampshire and Corriedale ewes fed to maintain body weight. Journal of  Animal 
Science 25, 789-795.

13.	 GARGOURI A., CAJA G., SUCH X., FERRET A., CASLAS R., PERIS S., 1993 - Evaluation 
of a mixed system of milking and suckling in Manchega dairy ewes. Proceedings of 5th Inter-
national Symposium Machine Milking of Small Ruminants. Hungarian Journal of Animal 
Production 1, 484-499.

14.	 GONZALO C., CARRIEDO J.A., BARO J.A., SAN PRIMITIVO F., 1994 – Factors influenc-
ing variation of test day milk yield, somatic cell count, fat and protein in dairy sheep. Journal 
of Dairy Science 77, 6, 1537-1542.

15.	 GIBB M.J., TREACHER T.T., 1982 – The effect of body condition and nutrition during late pre-
gnancy on the performance of grazing ewes during lactation. Animal Production 34, 123-129.



27

Influence of separation from lambs and litter size on milk yield and milk composition... 

16.	 HAMMADI M., AYADI M., ATIGUI M., SEDDIK M.M., KHOCHANI T., CASALS R., 
SALAMA A., SUCH X., 2012 – Milk synthesis in Tunisian local suckling goat is not affected 
by milking interval. Small Ruminants Research 108, 1-3, 32-35.

17.	 HOBERG M., ANDREN A., HARTMANN E., DAHLBORN K., 2013 – Can milk composi-
tion and individual cheese yield be influenced by suckling? Regional IGA Conference on goat 
milk quality, Tromso, Norway.

18.	 HIGAKI S., NAGANO M., KATAGIRI S., TAKAHSHI Y., 2013 – Effect of parity and litter 
size on the energy contents and immunoglobin G concentrations of Awassi ewe colostrum. 
Turkish Journal of Veterinary and Animal Sciences 37, 109-112.

19.	 LEVY H.R., 1964 – The effects of weaning and milk on mammary fatty acid synthesis. Bio-
chimica et Biophysica Acta 84, 229-238.

20.	 MARIN B., BERG C., HERNÁNDEZ C., GALINA C.S., LIDFORS L., SVENNERSTEN-
-SJAUNJA K., 2007 – Effect of restricted suckling on milk yield, milk composition and udder 
health in cows and behavior and weight gain in calves in dual-purpose cattle in the tropics. 
Tropical Animal Health and Production 39, 71-81.

21.	 MCKUSICK B.C., THOMAS D.L., BERGER Y.M., 2001 – Effect of weaning system on 
commercial milk production and lamb growth of East Friesian dairy sheep. Journal of Dairy 
Science 84, 1660-1668.

22.	 MCKUSICK B.C., THOMAS D.L., BERGER Y.M., MARNET P.G., 2002 – Effect of milk-
ing interval on alveolar versus cisternal milk accumulation and milk production in dairy ewes. 
Journal of Dairy Science 85, 2197-2206.

23.	 MCKUSICK B.C., THOMAS D.L., ROMERO J.E., MARNET P.G., 2002 – Effect of wea-
ning system on milk composition and distribution of milk fat within the udder of East Friesian 
dairy ewes. Journal Dairy Science 85, 2521-2528.

24.	 MROCZKOWSKI S., BORYS B., PIWCZYŃSKI D., 2001 – Correlation between results of 
lamb weaning and milk productivity in the F1 East Friesian and Polish Merino hybrid milking 
ewes. Options Mediterraneennes: Serie A. Seminaires Mediterraneennes 46, 237-240.

25.	 PAPACHRISTOFOROU C., 1990 – The effects of milking method and postmilking suckling 
on ewe milk production and lamb growth. Annales de Zootechnie 39, 1-8.

26.	 SERRA A., MACCIOTA N.P., NUDDA A., PULINA G., 1993 – L’influenza della tecnica di 
alimentazione per gruppi sulla qualita del latte negli ovine. Proceedings of the Italian Society 
of Veterinary Science 47, 2007-2010.

27.	 SOBIECH P., MILEWSKI S., ZDUŃCZYK S., 2008 – Yield and composition of milk and 
blood biochemical components of ewes nursing a single lamb or twins. Bulletin Veterinary 
Institute Puławy 52, 591-596.

28.	 STATSOFT, INC. 2010 – STATISTICA v. 8PL.



28

B. Borys et al. 

29.	 WAŻNA E., GUT A.. WÓJTOWSKI J., 2001 – The effect of rearing methods on qualitative 
and quantitative parameters of ewe milk yields. Options Mediterraneennes: Serie A. Semi-
naires Mediterraneennes 46, 135-139.

30.	 YILMAZ O., CAK B., BOLACALI M., 2011 – Effect of lactation stage, age, birth of type 
and body weight on chemical composition of red Karaman sheep milk. Kafkas University 
Veterinary Faculty Derg 17, 3, 383-386.


