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The aim of the study was to evaluate the effect of the stage of lactation and production season
on fat dispersion in the milk of cows of different breeds. A total of 738 milk samples were
analysed, including 196 from Polish Black-and-White Holstein-Friesian cows, 168 from Jer-
sey cows, 185 from Polish Red cows, and 189 from White-Backed cows. Milk samples were
collected individually from each cow in two production seasons, i.e. spring/summer (May-
-July) and autumn/winter (December-March). Three stages of lactation were distinguished:
<120 days, 121 to 200 days, and >200 days. The percentage content of fat and its dispersion
(expressed as the mean surface area, circumference and mean diameter of fat globules) were
determined. The stage of lactation and the production season (linked to the feeding season)
were found to strongly influence the content and dispersion of milk fat. As lactation progres-
sed, the fat content of the milk and its dispersion increased. A significant (p<0.01) decrease
was noted in the mean diameter and surface area of the fat globules. The fat globules obta-
ined in the initial stage of lactation were the largest (<120 days —2.90 pm). The milk produced
in the autumn/winter season had higher fat content and the mean size of the fat globules was
significantly (p<0.01) greater.
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Fat is the main component determining the calorific and nutritional value of milk, as
well as its suitability for processing. It is the most easily assimilated animal fat, as its
digestibility is about 97-99%. Fat is synthesized in the milk-producing cells of the mam-
mary gland. It takes the form of globules coated with a tri-layer phospholipid membrane
[12]. The precursors of fat globules are formed in the endoplasmic reticulum, and then
transported by the cytosol as small fat droplets covered with a bilayer polar membrane
consisting of phospholipids and proteins. During transport to the apical part of the cells,
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the fat droplets join with others, thereby increasing in size. During secretion they are
coated with another membrane and finally secreted into the milk ducts [17]. When the
degree of dispersion is high, they can be absorbed without prior hydrolysis in the dige-
stive tract [13].

Fat globules can be classified into groups according to size: small—diameter under 1
pm (about 80% of all globules), intermediate—from 1 to 7 um, and large—over § pm
[17].

Milk fat dispersion significantly affects its digestibility and suitability for processing
(particularly production of butter and cheese). Michalski et al. [11] showed that Camem-
bert cheese produced from milk with small fat globules (about 2 um in diameter) was mo-
ister and less compact and had a more elastic texture than cheese made of milk with large
fat globules (about 6 um in diameter). In the case of low-fat cheddar, cheese produced from
milk with large fat globules was found to have better texture, palatability and colour than
cheese produced from milk with small or medium-sized fat globules.

The size of fat globules also influences the fatty acid profile (smaller globules contain
more conjugated linoleic acid). Milk with a high percentage of large fat globules is more
susceptible to lipolysis and coalescence during pumping and transport [6]. Fat dispersion is
determined by factors such as breed, daily fat yield, and milking frequency [17]. Barlow-
ska and Litwinczuk [2] and Michalski et al. [10] report that the size of milk fat globules
also depends on the production season.

The aim of the study was to evaluate the effect of the stage of lactation and production
season on the fat dispersion of the milk of different breeds of cows.

Material and methods

The material for the study consisted of milk samples collected from 213 cows of four
breeds, including two dairy breeds, i.e. Polish Black-and-White Holstein Friesian (PHF
HO; 63 cows) and Jersey (JE; 50 cows), and two native breeds, i.e. Polish Red (RP; 50
cows) and White-Backed (BG; 50 cows). The Jersey and Polish Holstein-Friesian cows
were housed in free-stall barns and fed in a TMR (Total Mixed Ration) system, with a
feed ration consisting of maize silage, haylage and straw, as well as extraction meals
(soybean and rapeseed) and cereal meals. The White-Backed and Polish Red cows were
housed in tie-stall barns, and their diet was based on on-farm fodder. They received
haylage and hay in the autumn/winter season and pasture forage and hay in the spring/
summer period. In both seasons the feed ration was supplemented with on-farm cereal
meal. A total of 738 milk samples were evaluated, including 196 from PHF HO, 168
from JE, 185 from RP and 189 from BG. Milk samples with a volume of about 250 ml
were collected individually from each cow, from a complete milking procedure during
test-day milking (AT4 method), in two production seasons—spring/summer (May-July)
and autumn/winter (December-March), for two years. Three stages of lactation were
distinguished: <120 days, 121-200 days, and >200 days.
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The percentage content of fat was determined in the milk samples (with a Bentley Infra-
red Milk Analyzer), as well as its dispersion (expressed as the mean surface area, circum-
ference and mean diameter of fat globules). The analysis was performed with a microscope
at 1,000x magnification, on slides stained with Sudan III (in three fields of view), using
Motic Images Plus 2.0 software. The somatic cell count was determined (with a Bentley
Somacount 150 apparatus) to eliminate samples from cows with diseased mammary glands
(over 400,000 SCC per ml). Data on the daily milk yield of the cows in the months when
samples were collected were obtained from documentation of milk performance evalu-
ations (RW-2 reports) conducted by the Polish Federation of Cattle Breeders and Dairy
Farmers.

Statistical computations were performed in StatSoft Inc. STATISTICA software ver. 6.
The analysis was based on a General Linear Model (GLM)—an ANOVA procedure for
factorial designs with interaction. Parameters of the fat fraction of the milk were evalu-
ated using two statistical models, taking into account the breed of cattle and production
season, and the breed of cattle and stage of lactation. As there was no significant interac-
tion between production season and stage of lactation, an abbreviated model was used.
Significance of differences between means was determined by Tukey’s test at p<0.05
and p<0.01.

Results and discussion

The data contained in Table 1 indicate that the stage of lactation affected the amount of
milk produced, the fat concentration, and its dispersion. A greater decline in productivity
as lactation progressed was observed in the native breeds, particularly Polish Red—by as
much as 41%. In the dairy breeds this decrease ranged from 24% in the Jersey breed to
27% in the Polish Black-and-White Holstein-Friesians. The fat content in the milk incre-
ased as lactation advanced, but the differences were not confirmed statistically. The ten-
dencies observed are confirmed in studies by other authors [1, 3, 4, 16]. Litwinczuk et al.
[5] found that cows of native breeds, i.e. Polish Red and White-Backed, had much poorer
lactation persistency, i.e. in the final third of lactation they produced only 55.8% as much
milk as in the first third. Much more favourable lactation persistency (66%) was observed
in Simmental cows, and the best (73.4%) in the cows of the reference group, i.e. Polish
Holstein-Friesians raised in an intensive system.

As lactation progressed a significant (p<0.01) decrease was observed in the mean dia-
meter and surface area of fat globules in the milk of all breeds analysed. There was also a
significant (p<0.01) decrease in the mean circumference of the fat globule membranes in
the field of view (except in the milk of the White-Backed cows, where the differences were
not confirmed statistically). The fat globules of the milk obtained in the initial stage of
lactation were the largest (<120 days — 2.90 um). The results confirm the theory presented
by Singh [14], according to whom the decrease observed in the mean diameter of the fat
globules as lactation progresses are explained by the changing level of substrates for pro-
duction of fat globules. In the initial stage of lactation (from about 180 days), the content
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of the five main classes of phospholipids (phosphatidylethanolamine, phosphatidylcholine,
phosphatidylinositol, phosphatidylserine and sphingomyelin) is relatively constant. After
that a gradual decrease in their concentrations is observed in the milk, and is most prono-
unced in the final two months of lactation. The smallest fat globules are also observed at
this time. Mesilati-Stahy and Argov-Argaman [9], in order to evaluate the effect of stage
of lactation on milk fat dispersion, estimated the ratio of the quantity of lipids forming the
globule membrane to the quantity of components of its core. They observed that in the
case of small globules, this ratio was highest on about day 150 of lactation. In the case of
large fat globules, the highest ratio was noted on about the 100th day of lactation. Similar
relationships were observed by Wiking et al. [17], who reported that the mean fat globule
diameter is correlated with daily fat production. In the case of increased fat production,
synthesis of membrane material is reduced, resulting in secretion of fat in the form of large
globules, as observed in the initial stage of lactation.

A simultaneous effect of breed and stage of lactation was found on the amount of milk
produced, its fat content, and the mean diameter, circumference and surface area of fat
globules (p<0.05).

The chemical composition and physicochemical properties of milk are determined by
both genetic and environmental factors. The most important non-genetic factor affecting
the chemical composition and nutritional value of milk is diet, which in traditional farming
conditions is strongly linked to the production season.

Table 2 presents the results of two-way analysis of variance taking into account the
effect of breed and production season on the milk parameters analysed. In the cows from
high-yielding breeds (PHF HO and JE), in which the same TMR system was used year
round, the production season had no significant effect on daily yield. In the Jersey cows
higher (p<0.001) fat content was noted in the milk from the autumn/winter season. In the
case of the native breeds, in which traditional (seasonal) feeding was used, daily yield was
higher in the spring/summer season, when the cows were pastured. The milk obtained in
the autumn/winter season was found to have higher fat content, with significantly (p<0.01)
lower dispersion. The fat globules in the milk obtained in this season (irrespective of the
breed of cow) were significantly larger. Evaluation of the simultaneous effect of cow breed
and production season showed significant interactions for daily yield (p<0.05), fat con-
tent (p<0.01), mean diameter of fat globules, their circumference, and their surface area
(p<0.001).

The correlations noted correspond with results obtained by other authors. Barlowska
and Litwinczuk [2], analysing the effect of production season on milk fat dispersion, found
that the percentage of large fat globules (diameter over 10 pm) was nearly twice as high in
milk obtained in the winter as in milk from the summer (11.93% vs 6.09%). Logan et al.
[6], in an analysis of milk fat parameters in a herd of Holstein-Friesians, reported larger fat
globules in milk obtained in the autumn.

Meénard et al. [8] report that the size of fat globules also depends on the intensity of fat
secretion; larger globules in buffalo milk (average diameter 5 um) as compared to cow
milk (3.5 um) were associated with higher fat yield (65-80 vs 40 g/kg, respectively). The
size of milk fat globules is directly linked to the physiology of the lactating female. Secre-
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tion of small fat globules is a biological process requiring production of a large quantity
of material for the construction of the membrane covering the surface of the fat globules,
and thus high activity of synthesis of milk-producing cells is beneficial. Therefore the
milk-producing cells of females secreting fat in the form of large globules have potentially
lower metabolic activity as compared to females secreting fat in the form of small globules
[71.

To sum up, the stage of lactation significantly differentiates the content and dispersion
of milk fat. As lactation progresses the fat content increased and the mean size of fat globu-
les successively (p<0.01) decreased. The production season significantly affected mainly
fat dispersion. Irrespective of the breed of cow and the feeding system it was significantly
lower (p<0.01) in the autumn/winter. Thus we can conclude that milk obtained in the ini-
tial stage of lactation and in the spring/summer is a more digestible food product, but milk
from the final period of lactation and from the autumn/winter is a better raw material for
production of milk and hard cheeses.
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