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The investigations included 333 milk samples obtained from cows of 6 breeds maintained in Poland, i.e. Polish Holstein-Friesian black-white
(150) and red-white (40) variety, Simental (29), Whitebacks (28), Jersey (37) and Polish Red (49). Milk was collected in the spring-summer sea-
son, when the dietary units included green forage. At the milk sampling a lactation phase was regarded, that is up to 120 days, from 120 to 200
and over 200. In each milk sample there were determined chemical composition, fat molecule diameter, thermostability and rennet induced milk
coagulability. The parameters were analysed taking into consideration a cow breed and a lactation phase. It was found that milk of Whitebacks,
Simental and Jersey exhibited a better protein-fat ratio and a high level of fat molecules of big-sized diameters. Milk of these cows and Polish Red
withstood a sustained thermal treatment at 140°C and showed significantly shorter coagulation time due to a higher protein content. Therefore,
milk from cows of these breeds proves more useful for processing, mainly cheese production. The effect of a lactation phase on milk chemical

composition, its thermostability and coagulation time was indicated.

INTRODUCTION

Milk and its products constitute the main components of
a human diet. In the year 2004, a statistic Pole consumed
about 260 L of milk along with its products and milk used
for butter production [Seremak-Bulge, 2005]. However,
consumers’ demands as for the sensory attributes of dairy
products are still growing. The Polish market offers a wide
range of dairy products that yields a strong competition
between the dairies and allows a consumer to take a right
choice. A product quality is mainly relative to raw material.
Recently the milk producers have been forced to improve
milk sanitary quality and in consequence, over 90% of milk
is purchased within the extra class. Nowadays the vital
objective of the breeders and milk producers is to improve
its technological parameters.

Technological quality of milk depends on its chemical
composition, casein content in particular. The concentra-
tion of this protein is a determinant of cheese yield out of
volume unit. The interrelations between each casein frac-
tion and whey proteins affect milk thermostability [Jawors-
ki, 1997]. It is one of the primary criteria for the evaluation
of raw milk for thermal treatment at high temperatures.
This problem has had great weight because production of
milk of prolonged mean life is still increasing. The concen-
tration of milk casein along with calcium and magnesium

contents and rates also determine the coagulation time rate
and curd firmness [Jaworski, 1997].

The content of protein, including casein, is mostly
determined by genetic factors — mainly a cow breed as well
as numerous extra-genetic factors, like nutrition [Bartowska
et al., 2005a].

Milk fat, in that its dispersion levels, are also of great
importance for the assessment of milk usefulness in pro-
cessing. Milk with majority of small-sized fat molecules
(1-6 um) is recommended for liquid milk production, while
that with prevalence of big-sized globules (over 6 wm) for
cheese and butter production [Bartowska et al., 2005 b;
Grega et al., 2003; Wiking et al., 2004].

Most of the studies on the evaluation of milk technolog-
ical usability were performed in Poland on black-white cows
with varied share of Holstein-Friesian cattle gene
[Litwinczuk, 1991]. However, there are only few works
referring this problem to the other breeds of cattle whose
contribution in Poland is rather modest, yet considerable in
milk production in some regions. These are regions of the
Bieszczady, Pogoérze and in the South-Eastern part of
Poland. As for Whitebacks, there have not been published
any results of the investigations on broadly formulated milk
chemical composition and evaluation of technological use-
fulness of their milk. The literature provides the results con-
cerning milk fat content in cows of this breed solely in the
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thirties, whereas the content of fat and protein — in the
fifties of the last century [Litwinczuk et al., 2004]. Later, no
breeding work was undertaken within this pedigree and in
consequence, its population decreased at a very fast rate,
thus in the seventies this breed was considered extin-
guished. The efforts taken up in Poland in the second half
of the nineties to restitute this breed have led to the restora-
tion of this population. Being numerous enough it was
acknowledged a Polish native cattle by the Ministry of Agri-
culture in 2003 and had the breeding registers opened
[Litwinczuk et al., 2003]. In January 2004, this breed was
recorded in the FAO world list of breeds with genetic
resources conserved.

The aim of the present paper was to evaluate the tech-
nological usefulness of milk obtained from cows of six main
breeds relative to a lactation stage used for milk production
in Poland.

MATERIAL AND METHODS

The investigations included 333 milk samples collected
from the cows of the following 6 breeds: Polish Holstein-
-Friesian of black-white variety (150) and red-white (40),
Simental (29), Whitebacks (28), Jersey (37) and Polish Red
(49). The cows of the Polish HF breed red-white variety,
Simental, Polish Red and Whitebacks grazed the pasture,
the green forage being the basic bulky feed. The cows from
the Polish FH breed black-white variety, however, were
maintained on the farms of the intensive milk production.
Their diet was dominated with maize silage and hay-silage,
whereas forage was supplied to supplement bulky feeds.

In each milk sample the contents of fat, protein and lac-
tose were determined with Milko-Scan equipment. Dry
mass content was computed adding up these three compo-
nents and 0.65% value (mean ash content). Casein content
was established after Walker’s method according to the Pol-
ish Standard [PN-68/A-86122]. Moreover, fat molecules’
diameter was determined according to the Polish Standard
[PN-75/A-86059], milk thermostability in oil bath TEWES-
BIS at a temperature of 140°C [Jurczak, 1999] and rennet
induced milk coagulability using Schern method [Jurczak,
1999]. All the analyses were performed only in those milk
samples where somatic cells count did not exceed
400x103/mL (Somacount 150) and active acidity ranged
from 6.5 to 6.8.

The results were analysed taking into consideration
a lactation phase, i.e. up to 120 day, from 121 to 200 day and
over 200 day.

The results obtained were analysed statistically with
StatSoft Inc. STATISTICA ver.6 software based on two-way
analysis of variance with interaction. The significance of dif-
ferences was determined with Fisher’s test (LSD).

RESULTS AND DISCUSSION

The results in Table 1 present the chemical composition
of milk from cows of different breeds and indicate that the
highest milk fat had the cows Jersey (4.95%). A relatively
high concentration of fat in milk was also established at two
native breeds, i.e. Whitebacks (4.75%) and Polish Red
(4.72%). The lowest fat content was detected in milk of
Simental cows (4.22%).

One of the main parameters determining the technolog-
ical usefulness of milk is a protein concentration and this
component ratio to fat. The highest total protein content, in
that casein, was detected in milk of Jersey cows, namely 4.15
and 3.14% respectively, while the lowest in red-white cows
(3.37 and 2.38%). The protein-fat ratio proved the highest
in the following two breeds: Simental and Jersey — reaching
0.85, whereas the lowest in milk from red-white cows — 0.71.
Reklewski [1997] claims that in milk of the other breeds this
ratio may oscillate from 0.64 to 0.85. Barlowska et al
[2005b] and Grega et al. [2000] reported a better protein-fat
ratio, i.e. 0.89-0.93, in analysing the population of Simental
COWS.

Working on the changes of the milk composition of cows
over lactation, it was stated that in most cases (regardless
the breed) the progression of lactation caused an increased
concentration of fat, protein, casein and dry matter (Table
2). Lactose content, however, was observed to reduce then.
A protein-fat ratio also showed an upward tendency. These
relations were confirmed in the previous studies made by
the present authors [Barlowska et al., 2005a]. Gorska &
Mro6z [2005], analysing the changes of the milk chemical
composition during lactation of black-white cows, showed
gradual growth of protein content (3.10 to 3.29) at varied fat
contents. As a result, a change of these two components
(protein and fat) throughout lactation improved their pro-
portion.

In analysing the physical quality of fat, on the grounds of
fat molecule size (Tables 3 and 4), it was indicated that milk
from Polish Red cows exhibited the highest share of mole-
cules of small-sized diameter (79.47%). The lowest percent-
age of those particles was detected in milk of cows of the old
Polish Whitebacks (63.34%). Milk with a high amount of
big-sized molecules is more recommended for cheese and

TABLE 1. Chemical composition of milk from cows of various breeds (mean values).

Breed Content (%)
n Fat | Total protein | Casein | Protein/Fat ratio | Lactose Dry matter

Polish Holstein-Friesian of black-white variety 150 4.66° 3.40° 2.578 0.76 4.83° 13.512
Polish Holstein-Friesian of red-white variety 40 4.67° 3.37* 2.384 0.71 4.84° 13.54¢
Simental 29 4220 3.520 2.658 0.85 4.88° 13.27%
Whitebacks 28 4.75° 3.57® 2.588 0.77 4.87° 13.83%
Jersey 37 4.95° 4.15° 3.14¢ 0.85 4.79° 14.54°
Polish Red 49 4.72° 3.67° 2.748 0.77 4.60° 13.63*

a, b, A, B, C — differences between the breeds; a, b — differences significant at p<0.05; A, B, C — differences significant at p<0.01
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TABLE 2. Chemical composition of milk from cows of various breeds relative to a lactation phase (mean values).

Breed Lactation n Content (%)
phase Fat Total Casein Protein/ Lactose Dry
(days) protein Fat ratio matter
Polish Holstein-Friesian of black-white variety to 120 51 4284 3.164 2.454 0.79 4.89° 12.974
121-200 41 4.54A 3.438 2487 0.79 4.86% 13.4848
over 200 58 5.088 3.59¢ 2.758 0.74 4.77 14.018
Polish Holstein-Friesian of red-white variety to 120 12 4.62 3.074 2214 0.66* 4.83 13.19*
121-200 16 4.69 3.368 2.38® 0.71:® 4.85 13.56
over 200 12 4.69 3.67¢ 2.56° 0.77° 4.81 13.82°
Simental to 120 11 4.12 3.332 2.49 0.81 4.97 13.08
121-200 10 4.33 3.64° 2.72 0.86 4.83 13.45
over 200 8 4.22 3.64° 2.80 0.88 4.81 13.32
Whitebacks to 120 12 4.90 3.51%® 2.57 0.74* 4.86 13.92
121-200 5.00 3.46* 2.45 0.70* 4.74 13.84
over 200 4.63 3.77° 2.65 0.84° 4.93 13.98
Jersey to 120 8 4414 3.834 3.04 0.89 4.86 13.76
121-200 15 4.83AB 4.178 3.04° 0.87 4.77 14.422
over 200 14 5.398 4.328 3.30° 0.82 4.76 15.12°
Polish Red to 120 23 4.59 3434 2547 0.75% 4.59 13.27
121-200 11 4.63 3.738 2.80AB 0.818 453 13.70°
over 200 15 4.81 3.98¢ 3.038 0.828 4.64 13.86°

a, b, A, B, C — differences between the breeds; a, b — differences significant at p<0.05; A, B, C — differences significant at p<0.01

TABLE 3. Technological usefulness indices of milk from cows of different breeds (mean values).

Breed n Fat molecule share (%) Thermostability | Coagulation time
Small Medium Big (min) (min)
(<6um) | (6-10pm) | (> 10um)
Polish Holstein-Friesian of black-white variety 150 74.83¢ 22.298 2.968 2:31A 6:348
Polish Holstein-Friesian of red-white variety 40 72.018 26.41¢ 0.984 1:504 8:25¢
Simental 29 71.51¢ 23.118 5.37¢ 4:048 4:324
Whitebacks 28 63.344 27.05¢ 9.49P 3:324 4:544
Jersey 37 76.72¢ 18.344 4.93¢ 4:438 5:214
Polish Red 49 79.47D 16.754 3.778 3:438 4:407

A, B, C, D — differences between the breeds; A, B, C, D — differences significant at p<0.01

butter making [Wiking et al., 2004]. The results obtained
demonstrate that such milk is produced by mainly White-
backs (9.49%), Simental (5.37%) and Jersey (4.93%) cows.
A very low share of such molecules was recorded in milk of
cows Polish Holstein-Friesian (HF) of red-white variety
(0.98%). Grega et al. [2003] also found that molecule per-
centage of the biggest sized diameter was the lowest in milk
of cows HF and black-white and the highest in Simental and
Polish Red. The present authors’ [Barfowska et al., 2005b]
studies conducted on three breeds demonstrated that milk
of Red-White (no HF gene share) and Simental cows had
more big-sized fat molecules compared to milk of black-
-white cows (with HF gene share).

Milk thermostability constitutes a very important index
for the evaluation of milk usefulness for thermal treatment
at high temperatures. Our own investigations confirmed
that the sustained thermal treatment at 140°C (over 3 min
30 s) was withstood by milk of Simental, Whitebacks, Jersey
and Polish Red cows. Lower resistance to the thermal treat-
ment was shown by milk of black- and red-white cows,
namely around 2 min (Table 3). In course of lactation, the
milk usability for thermal treatment reduced (Table 4).

Coagulability induced by rennet is a valuable indicator
for the assessment of milk usefulness at the cheese making
process. Mistry et al. [2002] associate the rate of rennet curd
development with protein and casein amount in milk and
micelle size, that as confirmed in the present studies. Milk
from Simental, Jersey, Whitebacks and Polish Red cows was
characterised by a higher protein content (Table 1) and its
coagulation time was significantly shorter (p=<0.01) com-
pared to the milk of cows of the Polish Holstein-Frisian
breed (black- and red-white variety). In contrast, Grega
et al. [2003] proved a converse relation because the milk
coagulation time in minutes was: 6:24 for black-white cows;
7:12 for red-white; 8:97 for Polish Red and 9:52 for Simen-
tal. Thus, it appears that in the case of two breeds, that is
black- and red-white, our own results are in accordance with
the literature presented, whereas in the other two they were
nearly twice as low. Budstawski [1973] claims that milk
whose coagulation time is 4-10 min is recognized appropri-
ate and suitable for cheese making. It should be stressed,
though, that too long coagulation time implies that it origi-
nated from a diseased mammary gland. The milk samples in
our own studies were controlled in this respect.
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TABLE 4. Technological usefulness indices of milk from cows of various breeds subject to lactation phase (mean values).

Breed Lactation n Fat molecule share (%) Thermostability Coagulation
phase Small Medium Big (min) time
(days) (<6 um) (6-10 wm) (>10 wm) (min)
Polish Holstein-Friesian of to 120 51 74.788 21.644 3.58% 2:44 6.50
black-white variety 121-200 41 71.824 24.738 3.42% 2:39 6:02
over 200 58 76.83¢ 21.244 2.13° 2:10 6:41
Polish Holstein-Friesian of to 120 12 72.22% 24.74 0.53 2:32° 9:23
red-white variety 121-200 16 73.84° 25.18 0.98 1:282 7:21
over 200 12 69.74* 28.96 1.29 1:38%® 8:11
Simental to 120 11 72.80 22.19 4.014 6:338 5:22
121-200 10 71.30 23.30 4.4048 3:024 4:01
over 200 8 70.03 24.15 4.828 2:254 4:22
Whitebacks to 120 12 60.19° 28.64 10.89° 4:09 4:11
121-200 68.14° 23.84 9.02: 3:28 2:54
over 200 66.13° 2537 8.07* 2:31 5:00
Jersey to 120 8 76.06 18.59 5.36 5:18 6:14
121-200 15 76.80 17.64 5.56 4:29 3:54
over 200 14 76.98 18.92 4.10 4:07 6:16
Polish Red to 120 23 79.42 16.75 3.79 4:12 4:47
121-200 11 82.83 14.45 27 4:00 4:30
over 200 15 78.76 17.43 3.81 3:03 4:41

a, b, A, B, C — differences between the breeds; a, b — differences significant at p<0.05; A, B, C — differences significant at p<0.01

The present studies revealed also that milk gained at the
mid lactation time, i.e. between 121 and 200 day, underwent
the coagulation process most readily. This dependence was
shown in all the breeds analysed. It was likely to result from
an increased milk protein content at this phase when calci-
um and magnesium persisted at a high level [Kowalski,
2002]. A high protein concentration along with appropriate
content of calcium and magnesium ensure the proper course
of curd formation and its firmness [Anonymous, 1999].

CONLCUSION

Summing up, milk obtained from Simental, Whitebacks,
Jersey and Polish Red cows proves more useful for process-
ing, especially cheese making. It is ensured by a higher pro-
tein content, in that casein, more favourable protein-fat
ratio, better thermostability and the shorter coagulation
time. Therefore, it is recommended that milk should be
used on a larger scale to produce specific dairy products
considered as brand regional products.
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Celem pracy byta ocena przydatnosci technologicznej mleka pozyskiwanego od 6 gléwnych ras krow wykorzystywanych
do produkcji mleka w Polsce, tj. polski holsztyno-fryz odmiany czarno- i czerwono-bialej, simental, biatogrzbiet, jersey i pol-
ska czerwona. Mleko pobierano w okresie wiosenno-letnim, kiedy w sktad dawek pokarmowych wchodzita zielonka pastwis-
kowa. Przy pobieraniu prob mleka uwzgledniano faze laktacji, tj. do 120 dni, od 121 do 200 i powyzej 200. W kazdej probie
mleka oznaczano: skiad chemiczny, §rednice kuleczek ttuszczowych, termostabilno$¢ oraz zdolnos$¢ krzepnigcia pod
wplywem podpuszczki. Stwierdzono, ze mleko bialogrzbietdow, simentaleréw i jerseyow charakteryzowato si¢ korzyst-
niejszym stosunkiem biatka do ttuszczu oraz wysokim udzialem kuleczek o duzej Srednicy. Ponadto mleko tych kréw i pol-
skich czerwonych wytrzymywalo diuzszy czas obrdbki cieplnej w temperaturze 140°C oraz charakteryzowalo si¢ istotnie
kroétszym czasem krzepnigcia, co faczyto sie z wyzsza zawartoScia biatka. Mozna stwierdzi¢ zatem, ze mleko kréw tych ras
jest bardziej przydatne do przetwdrstwa, w szczeg6lnosci do produkeji seréw.



