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Abstract

The aim of research was to evaluate changes of physico-chemical characteristics, somatic cell 
count and curd quality during lactation and their relationship in Lacaune ewes. The study was carried 
out on eighteen ewes of the second lactation on an organic farm in Valašská Bystřice (Czech Repub-
lic). It was found that the stage of lactation significantly affected almost all monitored traits except 
pH value, titratable acidity, somatic cell count and curd quality. The content of total solids, fat, total 
protein, casein, Ca and P was significantly increased, while daily milk yield and the content of lactose 
were decreasing with the advancement of lactation. The stage of lactation had a significant effect 
on the coagulation time that was extended with advanced lactation. Length of the coagulation time 
was positively correlated with contents of total protein, casein and Ca. In contrast, the curd quality 
was not affected by the stage of lactation and no significant correlation between the curd quality and 
other parameters were found, except for the coagulation time (r=0.40). It could be concluded that 
Lacaune ewes had a satisfactory milk yield and physico-chemical and technological characteristics of 
milk under relatively extensive nutrition.
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Introduction 

Dairy sheep represents a minority of livestock 
farming in the Czech Republic. However, a trend of 
gradually increasing number of dairy sheep has been 
registered in the last decade. Dairy sheep farms in 
the Czech Republic are mostly organic, the nutri-
tion of sheep on these farms is relatively extensive, 
milk production is mostly seasonal and milk is large-
ly processed directly on farms. The latest develop-
ment of dairy sheep sector in the Czech Republic is 
mainly influenced by a growth of consumer interest 
in sheep cheese. Consumers of these products espe-
cially appreciate their specific taste as well as their 
natural and organic image. On the most of the Czech 
dairy sheep farms purebred Lacaune sheep or their 
crossbreeds with East Friesian sheep or Improved 
Wallachian sheep are reared. On some farms pure-
bred Šumavská sheep are also milked.

The composition of sheep milk can be affect-
ed by numerous factors such as nutrition, season, 
stage of lactation, and year. It was found by some 
authors that during lactation the contents of total 
solids (TS), fat (F) and protein (TP) increase, while 
the lactose (L) content decreases (Novotna et 
al., 2009; Matutinovic et al., 2011). In contrast,  
Pugliese et al. (2000) reported that the lactose 
content tends to remain constant over the entire 
lactation. The contents of Ca and P are higher in 
sheep milk than in cow milk, and their content in 
sheep milk is mainly influenced by breed, nutrition 
and stage of lactation (Park et al., 2007). According 
to Polychroniadou and Vafopoulou (1985), the 
content of Ca in sheep milk is also affected by the 
contents of total protein and casein.

The most significant non-infectious factors that 
affect somatic cell count (SCC) in sheep milk are 
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parity, stage of lactation, time of year, herd and han-
dling of ewes (Paape et al., 2007; Matutinovic et 
al., 2011). Nevertheless, SCC is also a good indica-
tor of the existence of subclinical mastitis; whereby, 
subclinical infection may result in significant loss-
es of milk yield and changes in milk composition 
(Gonzalo et al., 2002; Leitner et al., 2004). In 
the United States the limit for sheep milk is below 
1,000,000 SCC/mL (Paape et al., 2007); whereas 
in European Union there is no legal limit for this 
milk. Nevertheless, Bianchi et al. (2004) reported 
the limit for subclinical mastitis in sheep at level of 
500,000 SCC/mL and Pirisi et al. (2007) stated 
that an incentive payment for sheep milk with lower 
SCC than 1,000,000/mL is used in Sardinia.

Sheep milk is richer in casein and fat, has better 
coagulation characteristics, forms firmer curds and 
shows less loss of solids in the whey than the cow or 
goat milk. These properties allow obtaining cheese 
with higher fat content and better sensory character-
istics (Haenlein and Wendorff, 2008). Many dif-
ferent factors can affect milk coagulation properties 
and the curd quality (CQ), whereby, the most im-
portant ones are the contents of protein, casein, fat, 
Ca and P in milk, pH and titratable acidity of milk 
and SCC (Pellegrini et al., 1997; Jaramillo et al., 
2008). However, changes in coagulation properties 
can be also affected by other factors such as animal 
genetic characteristics or health status (Coulon et 
al., 2004). 

The aim of this study was to evaluate chang-
es in physico-chemical characteristics, somatic cell 
count’s and curd quality during lactation and their 
relationship in Lacaune ewes which were kept under 
relative extensive nutrition. The evaluation of daily 
milk yield (DMY) and coagulation time (CT) was an 
integral part of this study.

Material and methods

Animals, nutrition, and experimental design

The study was carried out on an organic farm in 
Valašská Bystřice, located in the Zlín region of the 
Czech Republic (the farm is situated at altitude of 
570 m above sea level; mean annual temperature of 
7.6 °C; annual precipitation of 720 mm). Eighteen 
ewes of Lacaune (LC) breed in the second lacta-
tion were involved in the experiment. The lambing  

occurred in the first half of March. Weaning of 
lambs was carried out at mean age of 54 days. After 
weaning (since May 1st), all ewes began to be ma-
chine milked twice a day. Within the milking season, 
the daily feed ration of ewes was relatively extensive 
and consisted of pasture (ad libitum), organic oat 
(0.2 kg/ewe) and organic mineral lick (ad libitum). 
Throughout the whole study ewes were continu-
ously kept on the pasture. Grass species composi-
tion of the pasture was evaluated at the beginning of 
the study using the method of estimation of ground 
cover of individual species. The dominant grass spe-
cies were: Festuca rubra (L.) (23 %), Lolium per-
enne (L.) (12 %), Agrostis capillaris (L.) (10 %), 
Phleum pratense (L.) (8 %), and Poa pratensis (L.)  
(7 %). Stocking density of the pasture was 4 ewes/ha  
(0.6 LU/ha). During the experiment, all ewes were 
kept in one flock under identical conditions with-
out any discernible differences in their nutrition or 
management. All ewes were also under permanent 
veterinary supervision.

Milk recording and sampling

Individual milk recording and sampling of 
each ewe were carried out once per month within 
the whole experimental period (from May to Sep-
tember, on the mean 57, 92, 127, 162 and 197 
day of lactation). All lactating ewes were dried off 
in the mid October. Milk yield recording was car-
ried out in the morning milking (6 a.m.) and in the 
evening milking (6 p.m.), while milk sampling was 
performed only in the morning milking. Individual 
milk samples (volume at least 250 mL) were cooled 
to 5-8 °C and transported to the specialized milk 
laboratory at Mendel University in Brno and to the 
private Laboratory for Milk Analysis in Brno-Tuřany 
(Bohemian-Moravian Association of Breeders, a.s.). 

Milk analysis

Total solids (TS) content was determined gravi-
metrically by oven drying at 102 °C to constant 
weight (Czech Technical Standard ISO No. 6731). 
Fat (F) content was determined by Gerber’s aci-
dobutyrometric method (Czech Technical Standard 
ISO No. 2446). Total protein (TP) and casein con-
tents were determined using a PRO-MILK appara-
tus (Foss Electric, Denmark). Lactose (L) content 
was determined polarimetrically (Czech Technical 
Standard No. 570530). Calcium (Ca) content was 
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determined by atomic absorption spectrometric 
method (Czech Technical Standard ISO No. 8070 
(570519). Phosphorus (P) content was determined 
by method using molecular absorption spectrometry 
(Czech Technical Standard ISO No. 9874 (570523). 
Ca/P ratio was calculated from the Ca and P con-
tent. Active acidity (pH) was measured with the 
pH-meter WTW 95 with the probe WTW SenTix 
97. Titratable acidity (TA) was determined by titra-
tion using the Soxhlet-Henkel method (Czech State 
Standard No. 570530). SCC was determined using 
fluoroopto-electronic apparatus BENTLEY 2500 
(Czech State Standard EN ISO No. 13366-2). 

Coagulation time and curd quality
Milk samples (100 mL) were kept in Erlen-

meyer flask at 35 °C for 10 minutes using a water 
bath with ±0.05 °C temperature accuracy. For ren-
neting was used commercial chymosin liquid rennet 
Laktochym (Milcom a.s., Tábor, Czech Republic), 
the rennet strength was 1:5,000. The rennet solu-
tion was obtained by diluting 10 mL of Laktochym 
and 40 mL of distilled water. The coagulation time 
(in seconds) was the time from application of ren-
net solution to the first appearance of small visual 
flocs. The renneted milk was subsequently placed 
in a tempered thermostat (35 °C) for 60 minutes. 
Thereafter the rennet curd was placed in a Petri dish 
and curd quality (CQ) was evaluated according to 
the appearance and firmness of the curd and the ap-
pearance of the whey, as described in Table 1.

Statistical analyses
Statistical analysis was performed using the 

STATISTICA software, version 12. ANOVA. Analy-
sis was used to study the differences in the physico-
chemical properties, SCC, CT and CQ in the course 

of lactation. Sheffe’s test was used as post-hoc 
analyses to identify individual significant contrasts 
within the lactation stage. Pearson’s correlation was 
carried out to asses a level of the correlation coeffi-
cient among all particular variables. The differences 
were considered significant if p<0.05.

Results and discussion

The stage of lactation had a significant effect 
on the daily milk yield (DMY) and content of all 
monitored basic components of milk (Table 2). 
These findings are consistent with data published 
by Aganga et al. (2002), Sevi et al. (2004) and  
Matutinovic et al. (2011). The DMY of ewes grad-
ually decreased during lactation (except in 162 day), 
which could be related to lactation advancement 
and changes in pasture quality during the study. By 
contrast, Antunac et al. (2011) and Hernandez 
et al. (2014) found that the peak of the DMY oc-
curred in the middle of lactation. The DMY of ewes 
in our experiment was higher compared to values 
published by Mioc et al. (2009), Antunac et al. 
(2011) and Hernandez et al. (2014) although dif-
ferent breeds or crossbreds were used in their re-
search. On the contrary, Pellegrini et al. (1997) 
found a significantly higher DMY in Lacaune ewes 
in early lactation but the DMY values published by 
them were in the mid and late lactation lower com-
pared to our results. 

In sheep it is well-know that as lactation pro-
gresses the content of TS, F and TP in milk increase. 
These trends were also confirmed in our study in the 
content of TS, F and TP in milk which were compara-
ble to those reported by Matutinovic et al. (2011) 
in Dalmatian Pramenka sheep, but higher than in 

Table 1. Evaluation of curd quality

Class Appearance and firmness of the curd and the appearance of whey

1
Appearance of curd is very good, curd firmness is high and the curd hold its shape perfectly after its 

removal from Erlenmeyer flask. Whey is clear, of yellow-greenish colour.

2
Appearance of curd is good, curd firmness is lower and the curd not hold its shape perfectly.  

Whey expulsion is not perfect, whey is whitish to greenish.

3
Appearance of curd is average, curd firmness is very low, curd partly not hold its shape.  

Whey is milky white.

4 Appearance of curd is very bad, curd not hold its shape. Whey is milky white.

5 Coagulation of casein is very weak or invisible.
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Trait
Mean day of lactation

Range SEM
57 92 127 162 197

DMY (L) 1.07 a 0.89 ab 0.94 ab 1.03 a 0.77 b 0.30-1.60 0.027

TS (%) 17.61 A 18.74 AB 18.61 AB 18.74 AB 19.48 B 15.86-22.19 0.131

Fat (%) 6.25 Aa 7.68 B 7.48 ABb 7.56 B 7.69 B 4.56-9.82 0.118

TP (%) 5.48 A 5.52 A 5.53 A 5.70 A 6.26 B 4.71-7.43 0.051

Casein (%) 4.02 A 4.12 A 4.13 A 4.28 ABa 4.76 Bb 3.21-5.68 0.049

Lactose (%) 4.99 A 4.87 ABa 4.75 ABCb 4.58 C 4.64 BCc 4.16-5.28 0.027

Ca (mg/L) 1365.7 A 1379.8 ABa 1410.1 ABb 1447.4 BCb 1515.7 Cc 1285-1657 0.814

P (mg/L) 1199.5 A 1250.6 ABa 1294.1 B 1311.8 Bb 1419.5 C 1158-1611 0.965

Ca/P 1.14 A 1.10 AB 1.09 AB 1.10 AB 1.07 B 0.96-1.24 0.006

pH 6.5 6.4 6.4 6.4 6.5 6.1-6.8 0.01

TA (°SH) 9.0 9.7 9.6 9.5 10.0 6.6-11.8 0.13

SCC (103/mL) 87.72 91.50 126.56 122.00 130.22 36.00-420.00 7.223

CT (s) 165 ab 143 a 147 ab 179 ab 188 b 102-411 4.6

CQ 1.00 1.22 1.00 1.22 1.17 1.00-3.00 0.041

Table 2. The effect of the lactation stage on daily milk yield, physico-chemical parameters of milk, somatic 
cell count, coagulation time and curd quality 

TS: total solids; TP: total protein; TA: titratable acidity; SCC: somatic cell count; CT: coagulation time; CQ: curd quality;  
DMY: daily milk yield. On the row different letters are significant at p<0.05; capital different letters are significant at p<0.01

Comisana ewes published by Sevi et al. (2004). 
On the other hand, Jaramillo et al. (2008) found 
higher content of TS, F and TP in Guirra and Man-
chega ewes. Above mentioned differences in both 
DMY as well as basic milk composition were mainly 
affected by nutrition and also by individual breeds, 
since their specific genetic structure leads to differ-
ent morphological traits and production parameters. 
Moreover, specific husbandry conditions could also 
play an important role. The correlations between 
DMY and content of TS, F and TP, respectively, 
were significantly negative in all cases (Table 3),  
what is in accordance with the data published by 
Ochoa-Cordero et al. (2002) and Mioc et al. 
(2009). In contrast to F and TP content, the con-
tent of lactose decreased during lactation in our re-
search. This trend is in accordance with Pugliese 
et al. (2000) and Matutinovic et al. (2011), who 
also found a decrease of lactose within the course of 
the lactation. However, the decline of the lactose 
content in our study was relatively low. The lactose 
content during lactation ranged from 4.99 to 4.58 %,  
which is comparable with Kuchtik et al. (2008) and 
Kondyli et al. (2012). All correlations between lac-
tose and TS, F and TP were significantly negative 
which is in agreement with Mioc et al. (2009). 

The contents of Ca and P were constantly 
growing throughout our study; in the case of Ca, it 
is consistent with trends published by Pellegrini et 
al. (1997) and Abilleira et al. (2010). In contrast, 
Sevi et al. (2004) reported a stable levels of Ca and 
P contents during lactation, whilst, Aganga et al. 
(2002) found a stable decrease of content of both 
minerals. In general, mineral content of sheep milk 
seem to vary much more than those of cow milk 
(Rincon et al., 1994) due to feeding differences and 
seasonal lactation. However, in our opinion a gradual 
increase of the content of Ca and P during lactation 
was mainly affected by gradual increase of TP and 
casein contents which was confirmed by their cor-
relation values. Polychroniadou and Vafopoulou 
(1985) also reported that the content of Ca is affect-
ed by the contents of total protein and casein. The 
content of both minerals in our experiment were 
higher than published by Khan et al. (2006) while 
Ca content was lower and P content was higher than 
those reported by Sevi et al. (2004). The Ca/P ra-
tio declined (p<0.01) continuously from 1.14 to 
1.07 with the advancing of lactation. Nevertheless, 
the Ca/P ratio was optimal and always higher than 1 
during the whole lactation. 
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The pH values were very stable during lactation 
and the stage of lactation did not have any significant 
effect on this parameter. This is in line with results 
given by Barron et al. (2001). The correlations be-
tween pH and all the other parameters were also 
insignificant. In contrast, Pavic et al. (2002) and 
Kuchtík et al. (2008) found a significant correla-
tion between pH and TA. The TA values in sheep 
and goat milk are significantly influenced by protein 
content (Novotna et al., 2009), the higher the TP 
content, the higher the TA and vice versa. The same 
trend was also found in our study, but the stage of 
lactation did not have any significant effect on TA 
values.

All ewes in our study were under permanent 
veterinary supervision and no clinical signs of mas-
titis were observed. This fact was reflected in rela-
tively low mean values of SCC with respect to the 
lactation stage (Table 2). The limit for subclinical 
mastitis in sheep (Bianchi et al., 2004) which is 
500,000 SCC/mL, was not exceeded in any individ-
ual sample. Nevertheless, SCC in our experiment 
insignificantly grew as lactation advanced what is 
in line with Jaramillo et al. (2008). On the other 
hand Paape et al. (2007) and Matutinovic et al. 

(2011) reported a significant increase of SCC during 
lactation. In our opinion, the insignificant increase of 
SCC during lactation could be linked with a reduced 
milk yield or a functional alteration of the mammary 
gland tissue caused by the shorter survival of epi-
thelial cells that are supplied with fewer nutrients 
at the end of the lactation as it is published by Sevi 
et al. (1999). Significant positive correlations were 
found between SCC and the content of TS, F, TP, 
casein and lactose, which correspond with results 
found by Matutinovic et al. (2011). In our opinion 
these positive correlations are probably an effect of 
lactation stage and not an effect of intramammary 
infections because the SCC were below the thresh-
olds proposed to detect infected halves.

The stage of lactation had a significant effect 
on coagulation time (CT), which was extended with 
advanced lactation (with the exception of the first 
sampling). This corresponds to the results given by  
Jaramillo et al. (2008) and Abilleira et al. (2010). 
On the other hand, Jelínek et al. (1990) reported 
that from 90th day of lactation the CT gradually 
shortened till the end of lactation. In our opinion, 
elongation of CT in our study was mainly influenced 
by the gradual increase of the contents of TP, casein 

Table 3. Phenotypic correlations of all traits of the study

TP Fat TP Casein Lactose Ca P Ca/P pH TA SCC CT CQ DMY

TS 1.00 0.90** 0.66** 0.53** -0.45** 0.34** 0.29** -0.03 -0.20 0.18 0.41** 0.20 -0.05 -0.46**

Fat 1.00 0.33** 0.26* -0.61** 0.30** 0.16 0.09 -0.21 0.10 0.36** 0.05 0.03 -0.42**

TP 1.00 0.82** -0.23* 0.34** 0.44** -0.25* 0.07 0.35** 0.36** 0.42** -0.06 -0.29**

Casein 1.00 -0.15 0.27* 0.37** -0.23* 0.04 0.26* 0.30** 0.35** -0.04 -0.15

Lactose 1.00 -0.37** -0.22* -0.08 0.09 -0.17 -0.32** -0.13 -0.05 0.31**

Ca 1.00 0.67** 0.16 -0.07 0.02 0.10 0.29** 0.16 -0.30**

P 1.00 -0.62** 0.03 0.11 0.12 0.14 0.06 -0.29**

Ca/P 1.00 -0.11 -0.13 -0.07 0.09 0.07 0.06

pH 1.00 0.13 -0.01 -0.01 0.04 0.08

TA 1.00 0.18 -0.01 0.07 -0.26*

SCC 1.00 0.21 0.03 -0.15

CT 1.00 0.40** 0.13

CQ 1.00 0.06

DMY 1.00

**p<0.01; *p<0.05
TS: total solids; TP: total protein; TA: titratable acidity; SCC: somatic cell count; CT: coagulation time; CQ: curd quality;  
DMY: daily milk yield
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and Ca during lactation what is also confirmed by 
their significant positive correlations shown in table 3.  
The same positive relations were reported by  
Pellegrini et al. (1997) and Abilleira et al. (2010). 
Furthermore, Bencini (2002) reported that pH of 
sheep milk is a factor of paramount importance of 
the rennet coagulation time, but in our study no sig-
nificant correlation between these parameters was 
found. 

As a contrast to CT, the CQ was not affected by 
the stage of lactation, although, in the second half of 
lactation the CQ was slightly worse than in the first 
half of lactation. This result is in accordance with 
Coulon et al. (1998). In our opinion, relatively bal-
anced CQ throughout lactation were primarily asso-
ciated with increasing of TP, casein and Ca contents, 
relatively stable pH and TA values, and finally also 
with low values of SCC. As for correlations between 
the CQ and all other parameters, these were, except 
for the CT, insignificant; nevertheless, the positive 
significant correlation between CT and CQ implies 
that the longer the CT the better the CQ.

Conclusion

The stage of lactation significantly affected al-
most all monitored milk traits with the exception of 
pH, TA, SCC and CQ. The content of total solids 
(TS), fat (F), total protein (TP), casein, Ca and P 
was increased, while daily milk yield and the content 
of lactose were decreased with the advancement of 
lactation. Many studies showed that milk coagulation 
properties and the curd quality are influenced by the 
content of TP, casein, F, Ca and P in milk, pH and 
titratable acidity of milk and SCC. In our study, all 
these parameters were in satisfactory relations (a sta-
ble pH and TA, low SCC, increasing content of TP, 
casein, F, Ca and P) what led to very good curd qual-
ity throughout lactation. Nevertheless, the CT was 
significantly influenced by the stage of lactation and 
significantly positively related to CQ. The CT elon-
gated with increasing content of TP, casein and Ca. To 
some extent, an elongation of the CT could also be 
affected by the increasing of SCC, because the corre-
lation between CT and SCC was close to the signifi-
cance threshold. Finally, the results of this research 
showed that Lacaune ewes had a satisfactory milk 
yield and physico-chemical and technological charac-
teristics of milk under relatively extensive nutrition.
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Promjene i povezanost fizikalno-kemijskih 
pokazatelja, broja somatskih stanica i 
kvalitete gruša tijekom laktacije ovaca 

Lacaune pasmine

Sažetak 

Cilj istraživanja bio je utvrditi promjene i 
povezanost fizikalno-kemijskih pokazatelja, broja 
somatskih stanica (BSS) i kvalitete gruša tije-
kom laktacije ovaca Lacaune pasmine. Istraživanje 
je provedeno na osamnaest ovaca druge laktacije 
na ekološkoj farmi u Valaškoj Bistrici (Republika 
Češka). Utvrđeno je da je stadij laktacije statistički 
značajno utjecao na gotovo sve istraživane pokaza-
telje osim na pH, titracijsku kiselost, BSS i kvalitetu 
gruša. Sadržaj suhe tvari, masti, ukupnih proteina, 
kazeina, Ca i P se povećavao, a dnevna količina mli-
jeka i sadržaj laktoze su se smanjivali s trajanjem 
laktacije. Stadij laktacije imao je značajan utjecaj na 
vrijeme koagulacije koje se povećavalo s trajanjem 
laktacije. Produženje vremena koagulacije bilo je 
pozitivno povezano sa sadržajem suhe tvari, kazeina 
i Ca. Za razliku od tog, stadij laktacije nije značajno 
utjecao na kvalitetu gruša, kao što nisu ni utvrđene 
značajne korelacije između kvalitete gruša i ostalih 
pokazatelja, osim za vrijeme koagulacije (r=0,40). 
Može se zaključiti da su ovce Lacaune pasmine im-
ale zadovoljavajuću proizvodnju mlijeka te fizikalno-
kemijske i tehnološke pokazatelje mlijeka usprkos 
ekstenzivnoj ishrani. 

Ključne riječi: ovčje mlijeko, laktacija, kemijski  
sastav, tehnološka svojstva,  
koagulacija mlijeka 
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