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The aim of the study was to evaluate the chemical composition, cytological quality and 
technological suitability of the milk of three breeds of red and white cows fed in a TMR 
system, taking into account the effect, if any, of daily milk yield (≤25 and >25 kg). The ana-
lysis included 540 milk samples collected from cows of the breeds Polish Red-and-White 
Holstein Friesian (PHF RW), Simmental (SM) and Montbéliarde (MO). Content of fat, 
protein, casein, dry matter and non-fat dry matter, active and potential acidity, heat sta-
bility, rennet clotting time and somatic cell count were determined. The milk of the MO 
cows was found to have the highest concentration of dry matter (13.65%), while the highest 
cytological quality (p≤0.01) was noted in the milk of the PHF RW and SM cows. The best 
raw material for cheese production was obtained from the MO cows, as it had the highest 
(p≤0.05) content of non-fat dry matter (9.30%) and the shortest rennet clotting time (4:18 
min). In the case of milk yield >25 kg, content of dry matter in the milk of the PHF RW cows 
decreased (by 0.54 p.p.), including content of protein (by 0.30 p.p.) and fat (by 0.31 p.p.). In 
cows of the Simmental breed the differences were 0.85, 0.24 and 0.70 p.p., respectively, 
while in the MO breed the milk components remained at similar levels. Moreover, for daily 
milk yield >25 kg a significant (p≤0.01) decrease in content of non-fat dry matter, including 
casein, was noted in the PHF and SIM cows, while in the SM cows there was a significant 
(p≤0.05) increase in rennet clotting time.   

KEY WORDS: milk / breeds of cow / daily milk yield / basic chemical composition / techno- 
     logical suitability / cytological quality

In Poland there are currently 12 breeds of cow used for dairy purposes: Polish Hol-
stein-Friesian, with two colour varieties – Black-and-White and Red-and-White, Jersey, 
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Simmental, Montbéliarde, Brown Swiss, Swedish and Norwegian Red, and native bre-
eds, i.e. White-Backed, Polish Red, Polish Black-and-White and Polish Red-and-White. 
The most numerous are the Polish Black-and-White Holstein-Friesians (87.56% of the 
active population of cows) [18]. 

Among colour breeds, two are of great importance in milk production: Polish Red-
-and-White Holstein-Friesian and Simmental. The former is raised mainly in Silesia 
and the Bieszczady Mountains, and a large percentage of cows of this breed are used 
in intensive farming technologies. Simmental cows can be found mainly in the Biesz-
czady region, although they are becoming increasingly popular in other areas as well, 
due to their relatively high milk yield, adaptability to difficult climate conditions, and 
very good meat characteristics [17]. The milk of these cows is considered an excellent 
raw material for cheese production [13, 17, 20]. In intensive systems, cows of this 
breed achieve higher yields with better milk composition, but the rennet clotting time 
is longer [3].

A third colour breed, which is increasingly valued in Poland and is well suited to 
intensive farming technologies, is Montbéliarde [10]. Animals of this breed were first 
imported from France in 1995, and in 2001 the Ministry of Agriculture and Rural De-
velopment authorized the establishment and maintenance of herd books [8]. In 2013 the 
active population numbered 2,428 cows, which accounted for 0.36% of the total popula-
tion of dairy cows subject to use value assessment [18].

Montbéliarde cattle are a dual-purpose (meat and dairy) breed. The largest population 
is in France, where, as in Ireland, it is the breed with the second largest population [9, 
21]. The milk of this breed has a more favourable chemical composition than that of Po-
lish Holstein-Frisians [11, 21]. In France, Montbéliarde cow milk is considered to be an 
excellent raw material for production of high quality cheeses (Comté in the Montbéliarde 
region, Cantal – Central France, Reblochon – south-eastern France, Mont d’Or – Mont-
béliard region, Abondance – south-eastern France), due to the high frequency of the B allele 
of κ-casein and high protein content [16]. According to Trela [21], the Montbéliarde 
breed should not be treated in Poland as competition for other breeds, but as one of many, 
producing milk that is particularly valued in processing.

The aim of the study was to evaluate the chemical composition, cytological quality 
(somatic cell count), and processing suitability of the milk of cows of three red-and-whi-
te breeds (Polish Red-and-White Holstein-Friesian, Simmental and Montbéliarde) fed in 
a TMR system, taking into account the effect of daily milk yield.

Material and methods

The research was carried out on three farms in eastern Poland. Two of them, raising 
Polish Red-and-White Holstein-Frisian (PHF RW) and Montbéliarde (MO) cows, had 
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free-stall barns without litter, with resting boxes separated by barriers and mats for bed-
ding. The Simmental cows (SM) had no boxes and lay on straw. All of the barns had 
milking parlours – ‘herringbone’ on the farms raising PHF RW and SM, and ‘side-by-si-
de’ in the case of MO. All cows were fed a TMR diet, with feed supplied from a feeding 
wagon twice a day.

The herds were subject to use value assessment for dairy cattle and met the require-
ments for milk production set out in Commission Regulation (EC) No 1662/2006 of 6 
November 2006, amending Regulation (EC) No 853/2004 of the European Parliament 
and of the Council laying down specific rules on the hygiene of food of animal ori-
gin.

The research material consisted of 540 milk samples collected from cows of the bre-
eds Polish Red-and-White Holstein-Friesian (214 samples), Simmental (126 samples) 
and Montbéliarde (200 samples), in their second or third lactation (between 30 and 210 
days in milk). Milk samples were collected individually from each cow, from a complete 
milking session, into 250 ml plastic bottles. Samples from cows with diseased udders 
were eliminated (positive result for the California mastitis test). The milk was transpor-
ted in thermal bags with freezer packs to the laboratory of the Department of Commodity 
Science and Processing of Raw Animal Materials, University of Life Sciences in Lublin, 
according to AOAC [2].

The content of fat, protein, lactose and dry matter was determined in each milk sample 
with a Bentley Infrared Milk Analyzer. The results were used to calculate the content of 
non-fat dry matter. Casein content was determined according to AOAC [1], active acidity 
(pH) with a Radiometer Analytical Pioneer 65 pH meter; and potential acidity (°SH) by 
the titration method according to PN-86/A-86122. The heat stability of the milk at 140°C 
was determined in a TEWES-BIS oil bath by White and Davies’ method, and rennet 
clotting time by Schern’s method (moment when the first casein floccules appear). The 
somatic cell count was determined with a Bentley Somacount 150. The somatic cell co-
unt (SCC), expressed in 1,000/ml milk, was transformed to a natural logarithm (LnSCC) 
in Excel®, to meet the conditions for normal distribution of this characteristic.

Data on the daily milk yield of the cows (on the day of sample collection) was ob-
tained from breeding documentation conducted by the Polish Federation of Cattle Bre-
eders and Dairy Farmers. 

The statistical analysis took into account the breed of cow (Polish Red-and-White 
Holstein Friesian, Simmental and Montbéliarde) and daily milk yield (≤25 and >25 kg 
of milk).

The results were analysed statistically in StatSoft Inc. STATISTICA, using one-way 
and two-way analysis of variance (with interaction), distinguishing breed and daily yield 
as sources of variation. The effect of factors was determined at significance levels of 
p≤0.05 and p≤0.01.
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Results and discussion

The data presented in Table 1 show the highest average daily yield for the Montbéliar-
de (MO) cows, at 28.2 kg, slightly lower yield for Polish Red-and-White Holstein Frie-
sians (PHF RW) with 27.05 kg, and the lowest for the Simmentals (SM) at 24.32 kg. The 
milk of the MO cows also had the highest concentration of dry matter (13.65%). It should 
be noted that the protein content of the MO milk was slightly lower (by 0.04 pp) than the 
SM milk, the fat level in the two breeds was the same (4.35%), and lactose content was 
significantly (p≤0.01) higher (by 0.29 pp). In a previous study by Litwińczuk et al. [14], 
PHR RW and SM cows fed TMR diets had similar daily yield (23.32 and 23.20 kg) and 
fat content in their milk (4.18% and 4.16%). The milk of the SM cows, however, had 
significantly (p≤0.01) more protein (by 0.18 pp) and a more beneficial (p≤0.05) protein-
-to-fat ratio. Gołębiewski and Brzozowski, who [7] conducted similar analyses in 2002- 
-2004 for Black-and-White cows and Montbéliarde cows, showed that the latter produ-
ced less milk (1.51 kg) with a lower fat content (by 0.19 pp) but higher protein content 
(by 0.08 pp). Januś and Borkowska [10], comparing daily yield of Polish Red-and-White 
Holstein Friesian and Montbéliarde cows and the chemical composition of their milk, 
showed similar correlations as in the present study. The average daily milk yield of PHF 
HO cows was 2.1 kg lower, with a lower concentration of fat, protein and dry matter (by 
0.32, 0.20, 0.09 and 0.53 pp) as compared to MO.

The milk of the PHF RW and SM cows had a more favourable somatic cell count 
(LnSCC = 11.56) than that of the MO cows (LnSCC = 12.12; p≤0.01). Borkowska and 
Januś [4] showed that the average somatic cell count in the milk of Montbéliarde cows 
for all samples together was 465,000/ml, and converted to LnSCC was 12.01. An analy-
sis by Walsh et al. [22] of the somatic cell count of the milk of four cow breeds showed 
the lowest LnSCC for the Norwegian Red (10.31) and Montbéliarde (10.47) breeds, as 
compared to 10.96 for Holstein-Friesians and 10.88 for the Normande breed.

The data in Table 1 indicate that the daily yield influenced (p≤0.01) the composition of 
the milk of the PHF RW and SM cows. In the PHF RW cows, for daily milk production > 
25 kg, the dry matter content in the milk was lower by 0.54 pp, and of this, protein was lo-
wer by 0.30 pp and fat by 0.31 pp. For the milk of SM cows, the differences were 0.85, 0.24 
and 0.70 pp, respectively. On the other hand, the content of lactose increased significantly 
(p≤0.01) in the milk of the SM breed (by 0.14 pp). In the MO breed, milk composition 
remained at an even level, with only lactose content increasing significantly (p≤0.05), by 
0.08 pp, when daily yield was higher. The reduction in fat and protein concentration in the 
milk of Holstein-Friesian cows as daily yield increases is also confirmed by other authors 
[5, 19]. Januś and Borkowska [10] report that daily yield (<20.0; 20.1-30.0; > 30.0 kg of 
milk) in PHF HO and MO cows had a significant (p≤0.01) effect on the energy content of 
the milk; in the case of the former breed the differences between <20 kg and ≥30 kg milk/day 
were significantly higher (55.1 vs 19.5 kcal/kg).
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Analysis of the simultaneous effect of breed and daily yield showed significant inte-
ractions (p≤0.01) for fat and dry matter content and slightly smaller interactions (p≤0.05) 
for protein content (Table 1).

The suitability of milk for processing is largely determined by the content and pro-
portions of its components, mainly the content of non-fat dry matter, total protein, 
including casein, and minerals. The rate of curd formation and the compactness of 
the curd are primarily determined by milk composition [12], especially the content of 
casein [6, 23].

The data in Table 2 show that the best raw material for cheese production was obta-
ined from the Montbéliarde cows. The milk of these cows had the lowest (p≤0.01) acidi-
ty, both active (pH 6.72) and potential (6.68 °SH), significantly (p≤0.05) the highest dry 
matter content (9.30%), and the shortest rennet clotting time (4:18 min). However, this 
milk was the least (p≤0.01) resistant to heat treatment (2:46 min).

The milk obtained from Polish Red-and-White Holstein Friesian cows had the least 
favourable parameters determining the suitability of raw material for cheese production; 
it contained the least non-fat dry matter (9.22%), including casein (2.75%), and had a 
longer rennet clotting time (4:49 min). On the other hand, it had the highest heat stability 
(3:46 min).

Malchiodi et al. [15] compared parameters determining the cheese production suita-
bility of the milk of F1 crossbred cows: Holstein x Swedish Red (HO x SR), Holstein 
x Montbéliarde (HO x MO) and Holstein x Brown Swiss (HO x BS). They showed that 
HO x SR cows produced 29.89 kg of milk per day, with the highest content of fat (4.34%) 
and protein (3.86%), including casein (3.00%). HO x MO cows produced the most milk 
(32.29 kg/day), but it had slightly less fat (4.24%) and protein (3.82%), with the same 
level of casein (3.00%). The HO x BS crossbreds had the least favourable indicators: 
28.49 kg, 4.17, 3.79 and 2.96%, respectively. However, the milk of the HO x MO cows 
had the best coagulation time (RCT) and curd firmness (a30) – 19.7 min and 38.6 mm, 
with slightly worse indicators noted for the HO x BS milk – 20.1 min and 35.9 mm, and 
the worst for the milk of HO x SR – 22.3 min and 33.4 mm.

Analysis of the effect of daily yield on the technological parameters of the milk (Table 
2) revealed that the higher milk yield of the Montbéliarde cows did not negatively affect 
indicators of the suitability of the raw material for cheese production, increasing only 
its heat stability. In the case of the other two breeds (PHF RW and SM), a significant 
(p≤0.01) decrease in dry matter content, including casein, was observed for daily milk 
yield > 25 kg, and in the case of SM, a significantly (p≤0.05) longer rennet coagulation 
time as well.

Significant (p≤0.01) interactions for breed x daily yield were noted for active acidity 
and heat stability, and slightly lower interactions (p≤0.05) for non-fat dry matter and 
casein content (Table 2).
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In conclusion, among the three breeds of red-and-white cows fed TMR diets, the 
Montbéliardes had the highest productivity, while their milk had the highest parame-
ters determining suitability for cheese production, irrespective of daily yield. Signi-
ficant deterioration in milk composition and its suitability for cheese production at 
higher yields was observed for the Polish Red-and-White Holstein Friesian cows. The 
valuable properties of the milk of the Simmental cows (considered to be an excellent 
raw material for cheese production) also deteriorated when productivity was higher  
(> 25 kg/day).
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