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Abstract: Bovine milk, a rich source of proteins and fatty acids, has a beneficial impact on physicochemical and organoleptic properties.
The current study was planned to identify oxytocin’s effects on protein and fatty acid profiles of cow milk (the Sahiwal breed) at various
lactation stages (early, middle, and late) under a controlled atmosphere and feeding inputs. Examination of milk protein and fatty acid
profiles by urea polyacrylamide gel electrophoresis and gas chromatography-mass spectrometry respectively revealed the significant
effect (P < 0.01) of oxytocin during the cow’s lactation stages. In electrophoretic patterns, casein (as1-CN, as2-CN, B-CN, and k-CN)
and whey protein fractions (Ig, BSA, p-Lg, and a-La) appeared as low-intensity bands in oxytocin-injected milk when compared to
the control. Reductions in concentrations of fatty acids C16:0 (25.00%) and C18:1 (21.60%) were observed in oxytocin-treated milk as
compared to the control group (29.30% and 29.10%, respectively) at late lactation.
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1. Introduction
Milk and milk products are important nutritional
sources in the human diet. The proteins, fat, and fatty
acid composition of bovine milk are part of a balanced
diet and responsible for physicochemical, sensory, and
manufacturing properties in milk and milk products, and
they also present potential health benefits for consumers
(1). Bovine milk fat typically contains 70% saturated
fatty acids, 25% monounsaturated fatty acids, and 5%
polyunsaturated fatty acids (2). The protein-containing
major portions of caseins are relatively large aggregates of
four molecules: as -casein (as,-CN), as,-casein (as,-CN),
B-casein (B-CN), and k-casein (k-CN) (3). After casein,
other parts of proteins are whey or serum proteins that
are composed of a-lactalbumin (a-La), B-lactoglobulin (f-
Lg), immunoglobulin (Ig), bovine serum albumin (BSA),
proteoses, and peptones (4). The prime biological function
of B-Lg is to bind fatty acids and thereby stimulate lipase.
It also binds several hydrophobic molecules as it binds and
protects retinol (5).

Generally, the milk composition varies due to species
and breed differences, lactation stages, nutritional status,
health, and milking intervals (6). The Sahiwal cow breed
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originated from the Sahiwal region of Punjab Province,
Pakistan, and is considered as one of the best dairy animals
existing in the Indo-Pak region (7). Similarly, production
of milk is also affected by a number of factors, including the
secretion of oxytocin. Oxytocin is a hormone released into
the blood by neural stimulation that causes the contraction
of myoepithelial cells, leading to the expulsion of milk
from the alveoli. The mechanism of fast and complete milk
removal from the udder is a complex one, normally not
considered as one of the main factors of milk yield (8).

In dairy practices, the use of exogenous oxytocin in
cows before milking is intended to treat the disturbed milk
ejection caused by reduced endogenous oxytocin release
and also for mastitis cure, as well. The use of oxytocin
injections before milking on a regular basis reduces the
release and sensitivity of endogenous oxytocin in the
udder, resulting in reduced spontaneous milk ejection
after withdrawal of oxytocin (9). In underdeveloped
countries, indiscriminate use of oxytocin on a regular
basis before milking has a negative effect on milk enzyme
activities (10) and is a common practice in resource-
limited countries only with intentions to increase the milk
yield, without knowing the physiological effects. Therefore,
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farmers use external oxytocin before each milking due to
unawareness and lack of education. Oxytocin’s effects on
milk composition, i.e. milk fatty acids and proteins, are
not clear yet. According to some scientists, oxytocin affects
milk components in diverse ways, while some are of the
view that milk composition is not affected.

The current study was formulated keeping in view
the oxytocin mechanism, stage of lactation, and supply
chain situation of milk from cows to consumers. The
core objective of this study was to evaluate whether the
main constituents of milk, proteins and fatty acids, within
bovine mammary secretions are affected by external
oxytocin treatment during the lactation period.

2. Materials and methods

2.1. Selection and management of animals

Lactating Sahiwal cows (n = 48) were selected from the
herd at the Livestock Experiment Station, Livestock
Production Research Institute, Bahadurnagar, Okara,
Pakistan, during May-August 2011. All cows were in
their 2nd to 5th lactation having an average 1552 kg of
milk production per lactation (267 days) for each. These
animals were kept under the same atmospheric conditions
and fed with similar inputs and seasonal fodder/feed. In
addition to green fodder, cows were offered concentrate
mixture (cotton seed cake 10%, maize 10%, rape seed
cake 5%, wheat bran 34%, maize gluten 24%, molasses
15%, and mineral mixture 2%) at approximately 3 kg per
animal before the start of milking and had free access to
clean drinking water. Milking was performed daily at 0500
hours and 1700 hours.

2.2. Treatment and milk sampling

Forty-eight cows were divided into three groups comprising
sixteen animals each according to their lactation stage, i.e.
early lactation, middle lactation, and late lactation.

o Early lactation: when the milk production was on
the upswing after calving. This lasts from calving to
60-80 days.

o Middle lactation: when the milk production was
relatively stable, or more properly dropping oft
slowly and lasting a few months. This stage lasts for
6-8 months after calving.

o Late lactation: when the milk production starts
dropping off faster, basically after 8 months.

In each lactation stage (early, middle, late) animals
were divided into two subgroups (A and B), comprising
eight animals in each group. In each lactation, group A
was treated intramuscularly with a 20 IU dose of oxytocin
(Lawrence Pharma, Pvt. Ltd.) daily before the start of
milking for a period of 50 days, while group B was given
no treatment and was considered as the control. Milking
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was carried out under hygienic conditions and milk
samples were collected from all cows during the 50-day
experiment. Procured milk samples were transferred into
plastic bottles of 100 mL and stored at 4 °C until further
use for analysis.

2.3. Protein profiling using Urea-PAGE

Skim milk was prepared by centrifugation at 5000 x g for 15
min at 4°C. The pH of skim milk was adjusted to 4.6 with
1 M HCl and kept at 4 °C for 30 min and then at 37 °C for
30 min for easy separation of casein and whey. Casein and
whey proteins were filtered through filter paper (Whatman
No. 1). The casein was washed 2 or 3 times with distilled
water and then stored at —20 °C until further analysis. The
whey collected was dialyzed at 4 °C. Dialysis membranes
with 12-14 kDa molecular weight were used. The dialysis
was performed for 24 h by changing the distilled water
several times and the whey sample was stored at 20 °C for
further use for electrophoresis (11).

Thecharacterization of proteinsbyurea-polyacrylamide
gel electrophoresis (Urea-PAGE) (Electrophoresis Mini-
PROTEAN, Bio-Rad) was carried out using the method
described by Andrews (12). Five microliters of protein
marker (Fermentas Page Ruler Prestained Protein Ladder)
and sodium caseinate were loaded as the reference for
evaluation of whey and casein protein in various samples,
respectively. Four major bands of Na-caseinate (Lane
7, Figure 1), i.e. as,-CN, as,-CN, B-CN, and k-CN, were
separated. The molecular weight of the standard marker
loaded for whey protein ranged from 11 to 170 kDa (Lane
7, Figure 2).

2.4. Fatty acid profiles using gas chromatography-mass
spectrometry (GC-MS)

Evaluation of short- and long-chain fatty acids, i.e. butyric
acid (C4:0), caproic acid (C6:0), caprylic acid (C8:0),
capric acid (C10:0), lauric acid (C12:0), myristic acid
(C14:0), palmitic acid (C16:0), stearic acid (C18:0), and
oleic acid (C18:1), was performed with an appropriate
method of milk extraction. The separated lipid (40 mg)
was transesterified by a transmethylation procedure
(13). The fatty acid methyl esters were quantified using a
Shimadzu Gas Chromatograph Model 14-A (Shimadzu
Co., Japan) fitted with a methyl lignocerate-coated (film
thickness = 0.25 pm) polar capillary column SP-2330 (30
mm x 0.32 mm, Supelco). Quantification was done by
using a standard mixture of known fatty acids.

2.5. Statistical evaluation

Analysis of variance under a completely randomized
design with two-factor factorial design was used for the
data obtained (14). Means and standard errors of means
were calculated. To find the difference between means,
Duncan’s multiple range test was performed.
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Figure 1. Electrophoretic pattern of cow milk casein at different lactation stages on Urea-PAGE
representing differences in band patterns: 1- oxytocin-treated milk at early lactation stage; 2- control
milk at early lactation stage; 3- oxytocin-treated milk at middle lactation stage; 4- control milk at middle
lactation stage; 5- oxytocin-treated milk at late lactation stage; 6- control milk at late lactation stage; 7-
indicates sodium caseinate used to identify bands of milk caseins at different lactation stages.
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Figure 2. Electrophoretic pattern of cow milk whey proteins at different lactation stages on Urea-PAGE
representing differences in band patterns: 1- oxytocin-treated milk at early lactation stage; 2- control
milk at early lactation stage; 3-oxytocin-treated milk at middle lactation stage; 4- control milk at middle
lactation stage; 5- oxytocin-treated milk at late lactation stage; 6- control milk at late lactation stage;
7- indicates marker (Fermentas, 11-170 kDa) used to identify molecular weight of milk proteins at

different lactation stages.

3. Results

3.1. Protein profiles: Urea-PAGE

Separation of various casein fractions was observed in the
control and oxytocin-treated milk samples on Urea-PAGE
(Figure 1). The bands of as -CN and $-CN in the control
and oxytocin-treated milks were observed to be denser as
compared to as,-CN and k-CN.

Darker bands of p-CN were noticed at middle lactation
in the control milk (Lane 4) as compared to early and
late lactation. The B-CN bands in oxytocin-injected milk
samples were almost the same in intensity at the early
and middle lactation stages as compared to late lactation.
Lactational response in as-CN in oxytocin-treated milk

showed a declining trend with respect to lactation stages
(Figure 1). The proportions of casein fractions varied with
respect to lactation stages and decreased casein content
was observed at the end production stage.

In the electrophoretic profile of whey proteins (Figure
2), four separated bands based on charge to mass ratio,
i.e. Ig, BSA (69 kDa), B-Lg (18 kDa), and a-La (14.1 kDa),
were visible both in control and oxytocin-injected milk.

The appearance of a darker band of B-Lg (Lane 6, Figure
2) was observed at late lactation as compared to other
lactation stages for control milk samples. The intensity
of B-Lg was found low in oxytocin-treated milk at early
and late lactation as compared to control milk samples.
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The concentration of a-La was found low in treated milk
samples throughout the lactation stages in the current
study. It was also confirmed that the concentration of
a-La decreased while B-Lg increased throughout lactation
stages (Figure 2).

3.2. Fatty acid profiles: GC-MS

The results regarding short- and medium-chain fatty
acids, namely butyric acid C4:0, caproic acid C6:0, caprylic
acid C8:0, and capric acid C10:0, and long-chain fatty
acids lauric acid (C12:0), myristic acid (C14:0), palmitic
acid (C16:0), stearic acid (C18:0), and oleic acid (C18:1)
of group A (oxytocin) and group B (control) cows at
the three lactation stages are presented in the Table. A
nonsignificant difference was observed for C4:0 and C10:0
both in groups A and B, while significant variations in
C4:0 with a highest concentration of 4.00% were observed
at the middle lactation stage. At the late lactation stage,
significant differences in concentrations of C6:0 and C8:0
were detected in both groups.

The parabola trend for change in concentrations of
C12:0 and C14:0 was similar in both groups across lactation
stages (Table). The highest C12:0 contents were observed
in middle lactation milk samples at 4.30% and 4.40% in
group A and group B cows, respectively. The highest
C14:0 contents were also noticed at 13.80% and 13.90%
in middle lactation milk samples of group A and group B
cows, respectively. However, no significant differences of
these fatty acid contents were found in either group.

In the control group of cows (group B), palmitic acid
contents had an inclined trend, but in oxytocin-injected

cows (group A), they had a parabola trend across lactation
stages (Table). The significantly lowest palmitic acid
contents (25.00%) were found in late lactation of group A
cows as compared with the palmitic acid contents (29.30%)
in milk tested at late lactation of group B cows (Table).

The stearic acid contents did not differ significantly
between oxytocin-treated and control milk samples.
However, lactation stages had a significant influence
on stearic acid contents and these contents showed a
decreasing trend with the progression of lactation stages.
A declining trend was also observed for C18:1 contents
in the milk of both groups A and B through the lactation
stages. A significant variation was present in milk between
control and oxytocin-treated cows over the three lactation
stages for C18:1 expression. A major decrease in C18:1
from 29.10% (group B) to 21.60% (group A) was observed
at the late lactation stage of milking.

4. Discussion

The findings of the current study, with denser profiles of
as,-CN and B-CN in control and oxytocin-treated milk
as compared to as,-CN and k-CN, were similar to those
described by Van Hekken and Thompson (15). The lighter
band of B-CN, observed at the late lactation stage in the
present study, was consistent with higher milk proteinase
activity seen in late lactation (16). The concentration
of as-CN in milk falls quickly in the first month after
calving (17), supporting the reduction of this protein at
the early lactation stage seen in the present study. Similar
results were found by Lucey and Fox (18), who reported

Table. Short- and long-chain fatty acid concentrations (%) in milk of Sahiwal cows treated with or without oxytocin during different

stages of lactation.

Early lactation Middle lactation Late lactation
Fatty acids

Group A (n=38) Group B (n=8) Group A (n=8) | Group B (n=38) Group A (n=8) Group B (n=8)
Butyric acid (C4:0) 3.80 + 0.04° 3.83 +£0.02° 3.90 £ 0.07* 4.00 £ 0.08* 3.45 £ 0.04° 3.50 £ 0.04°
Caproic acid (C6:0) 1.90 £ 0.00¢ 2.00 £ 0.00¢ 2.50 + 0.00° 2.50 + 0.00° 1.50 + 0.00¢ 3.10 £ 0.00*
Caprylic acid (C8:0) 1.60 £ 0.00° 1.50 + 0.00¢ 2.00 = 0.00* 1.90 + 0.00® 1.50 + 0.00¢ 1.80 + 0.00°
Capric acid (C10:0) 3.67 +0.004° 3.66 + 0.09° 3.88 £0.13* 3.86 +£0.02* 3.36 £0.01°¢ 3.36 £ 0.003¢
Lauric acid (C12:0) 3.81 +0.01° 4.30 + 0.04 430 +0.01%® 4.40 £ 0.24° 3.88 +0.04° 4.11 +£0.24®
Myristic acid (C14:0) 13.20 £ 0.04° 13.09 + 0.04° 13.80 £ 0.20* 13.90 £ 0.18* 13.50 + 0.12° 13.60 + 0.04°
Palmitic acid (C16:0) 25.80 + 0.04¢ 25.10 £ 0.41¢ 26.80 + 0.35° 27.30 +0.33° 25.00 + 0.08¢ 29.30 £ 0.25*
Stearic acid (C18:0) 12.20 £ 0.33° 12.50 + 0.41° 10.73 £ 0.41° 10.83 + 0.40° 9.80 £ 0.04° 9.70 £ 0.08¢
Oleic acid (C18:1) 30.40 + 0.33%® 31.20 £ 0.63* 28.13 + 0.41¢ 29.99 + 0.40 21.60 £ 0.04° 29.10 £ 0.08%

Means with the same letters in a column or row are not significantly different from each other.

n = Number of animals; + = SD; Group A = oxytocin-injected cows; Group B = control group of cows.
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that late lactation milk could have markedly lower casein
concentrations than middle lactation milk. In casein
protein, as-CN contributing a major portion of total
casein and being maximum at middle lactation in the
control milk is supported by the findings of Ostersen et
al. (19), who found that the proportion of as-CN in total
casein decreased at end lactation. Barry and Donnelly (20)
reported that as-CN increased in early lactation and then
fell for the rest of lactation. Bands of lower intensity were
observed in oxytocin-treated cow milk as compared to
milk of control cows in all milk lactation stages.

The varied proportions of casein fractions with respect
to lactation stages might be due to increase in plasmin
activity at the late lactation stage because more plasmin
enters the mammary glands in late lactation (21). The
decrease in plasmin activity observed in normal milk
during the middle lactation stage was associated with
a reduction in pH that probably inhibited the enzyme
expression, which is why a maximum intensity of casein in
milk was observed at the middle lactation stage (22).

In the electrophoretic profile of whey proteins, the
finding of four visible bands, i.e. Ig, BSA, p-Lg, and a-La, in
control and oxytocin-injected cows was in agreement with
the findings of Van Hekken and Thompson (15). In another
study, Sheldrake et al. (23) reported that whey protein was
also affected by season, stage of lactation, age of cow, and
somatic cell count. The inclined trend of Ig (Figure 2) with
respect to lactation stage was also reported by Kroeker et
al. (17). Results of the present study indicated no proper
detection of BSA because the milk had very low contents
(1.2% of total protein), as also reported by Bylund (4).

The darker band of B-Lg observed at late lactation
for control milk samples as compared to other lactation
stages was in agreement with the study of Kroeker et al.
(24). Lighter bands of a-La appeared in the current study
as bovine a-La represents about 20% of bovine whey
protein (25).

Across lactation stages, C4:0 and C6:0 followed the
same trend as that observed in buffalo milk (26). In another
study, similar results were observed for C4:0 and C6:0 in
milk of Canadian Holstein cows at early, late, and middle
lactation (27). Experimental results of the present study
demonstrated that the total concentrations of medium-
chain fatty acids (C8:0 and C10:0) at early lactation (5.27%
in group A, 5.16% in group B) in Sahiwal cows were slight
lower than in Holstein cow milk (5.56%) and in buffalo
milk (5.5%). Another study regarding cow milk showed
3.15% fatty acids (C8:0 and C10:0) at 16 weeks of lactation
(28). These fatty acids (5.88% in group A and 5.76% in
group B) at middle lactation were in close relation to cow
and buffalo milk (5.9% and 5.1%, respectively). At the late
lactation stage, 4.86% fatty acids in group A and 5.16%
fatty acids in group B (C8:0 and C10:0) were noted, which

was between the values of 5.65% and 3.8% reported for
cow and buffalo milk by Kgwatalala et al. (27).

In the present study, at the early lactation stage, the
lauric acid (C12:0), myristic acid (C14:0), and palmitic
acid (C16:0) of Sahiwal cows were found lower than the
values reported in Holstein cows at 5.10%, 13.85%, and
26.96%, respectively (27). However, stearic acid (C18:0)
and oleic acid (C18:1) were higher than the previously
reported values of 8.94% and 20.87%, respectively.
Myristic acid (C14:0) was substantiated with a reported
value (13.5%) from buffalo milk at early lactation (26).
At middle lactation, fatty acids C12:0, C14:0, and C16:0
were lower than the reported values of 5.61%, 15.15%,
and 27.89%, respectively, and at late lactation C12:0 and
C14:0 were also observed lower than the reported 5.48%
and 14.96%, respectively, while C16:0 were higher than the
reported value (26.98%) (27). In another study, values of
13.5%, 13.7%, and 13.2% for C14:0 at early, middle, and
late lactation, respectively, are in line with observations in
the current study (26). Trends followed by C12:0 and C14:0
across lactation stages are similar to the findings described
above. Means for C18:0 and C18:1 across lactation stages
were higher than previously reported (27), but C18:0
showed similar results to those found by Arumughan and
Narayanan (26).

The fatty acids containing from 4 to 14 carbon atoms
are synthesized de novo in the mammary glands. Parts
of palmitic acid (C16:0) are also synthesized de novo (6).
Variations in the fatty acid profile throughout lactation
may be linked to the energy balance of the cows. During
early lactation, dairy cows in negative energy balance
mobilize adipose tissues for secretion of palmitoleic acid,
oleic acid, and other long-chain fatty acids into milk (29),
and the increased concentrations of these fatty acids might
therefore explain the relatively lower concentrations of
de novo synthesized C10:0, C12:0, and C14:0 compared
with the later lactation stages (30). Accomplishment
of a positive energy balance during middle lactation is
probable to reverse the inhibitory effects of C18:1 fatty acid
on de novo fatty acid synthesis and consequently lead to an
increase in the concentrations of C4:0, C6:0, C8:0, C10:0,
C12:0, and C14:0 during middle lactation as compared to
early lactation.

Sufficient literature is not available on the effect of
oxytocin on protein and fatty acid fractions. Conclusively,
Urea-PAGE showed significant differences in bands of
protein in control and oxytocin-injected Sahiwal cows
across lactation stages. Excessive use of oxytocin injections
in cows for milking may disturb cell mechanisms for
the synthesis of protein within mammary glands. The
lighter band of B-CN observed at the late lactation stage
in the present study was consistent with the higher milk
proteinase activity seen in late lactation. The amount of
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whey protein was high at the late lactation stage with higher
whey nitrogen in the late than early lactation stage. Variable
concentrations of fatty acids were observed in Sahiwal
cattle milk associated with lactation stages. Reduction
in oleic acid concentration was observed throughout
lactation in the milk of oxytocin-treated cows as compared
to the control, but a major decrease of 4.3% in palmitic
acid (C16:0) and 7.5% in oleic acid (C18:1) was noticed
at late lactation in the milk of oxytocin-injected cows as
compared to the control. The current study concluded
that oxytocin-injected milk has variations in long-chain
fatty acids, which may affect milk fat composition and

References

1. Chilliard Y, Ferlay A, Mansbridge RM, Doreau M. Ruminant
milk fat plasticity: nutritional control of saturated,
polyunsaturated, trans and conjugated fatty acids. Ann
Zootech 2000; 49: 181-205.

2. Grummer RR. Effect of feed on the composition of milk fat. |
Dairy Sci 2009; 74: 3244-3257.

3. Holt C. Structure and stability of bovine casein micelles. Adv
Protein Chem 1992; 43: 63-151.

4. Bylund G. Dairy Processing Handbook. Lund, Sweden: Tetra
Pak Processing System AB; 1995.

5. Fox PE The major constituents of milk. In: Smit G, editor.
Dairy Processing: Improving Quality. 1st ed. Boca Raton, FL,
USA: CRC Press; 2003. pp. 5-41.

6.  Fox PE McSweeney PLH. Dairy Chemistry and Biochemistry.
London, UK: Chapman and Hall; 1998.

7. Khan BB, Younas M, Riaz M, Yaqoob M. Breeds of Livestock
in Pakistan. Faisalabad, Pakistan: Department of Livestock
Management, University of Agriculture; 2005.

8. Bruckmaier R, Schams MD, Blum JW. Continuously elevated
concentrations of oxytocin during milking are necessary for
complete milk removal in dairy cows. ] Dairy Res 1994; 61:
323-334.

9. Bruckmaier RM. Chronic oxytocin treatment causes reduced
milk ejection in dairy cows. ] Dairy Res 2003; 70: 123-126.

10. Hameed A, Hussain R, Zahoor T, Akhtar S, Riaz M, Ismail
T. Effect of oxytocin on enzyme activities in bovine milk. Int
Dairy ] 2014; 39: 229-231.

11. Basch JJ, Douglas FW, Procino LG, Holsinger VH, Farrell
HM. Quantification of caseins and whey proteins of processed
milk and whey protein concentrates, application of gel
electrophoresis and comparison with Harland-Ashworth
procedure. ] Dairy Res 1984; 68: 23-31.

12.  Andrews AT. Proteinases in normal bovine milk and their
action on their caseins. ] Dairy Res 1983; 50: 47-55.

13.  FengS§, Lock AL, Garnsworthy PC. Technical note: a rapid lipid
separation method for determining fatty acid composition of
milk. ] Dairy Sci 2004; 87: 3785-3788.

168

eventually milk quality. Indiscriminate and inappropriate
use of oxytocin injections before milking should be
prohibited by authorities and farmers should be educated
through seminars and workshops. Further research is
necessary to evaluate oxytocin’s effects on complete milk
fatty acid profiles.

Acknowledgments

The authors are thankful to Prof Dr FM Anjum, Dr Zia-
ur-Rahman, and Dr Nuzhat Huma for their scientific
discussions to improve the quality of the manuscript.

14. Steel RGD, Torrie ], Dickey DA. Principles and Procedures
of Statistics: A Biometrical Approach. 3rd ed. New York, NY,
USA: McGraw Hill; 2006.

15.  Van Hekken DL, Thompson MP. Application of PhastSystem to
the resolution of bovine milk proteins on urea-polyacrylamide
gel electrophoresis. ] Dairy Sci 1992; 75: 1204-1210.

16. Davies DR, Law AJR. The composition of whole casein from
the milk of Ayrshire cows. ] Dairy Res 1977; 44: 447-454.

17. Kroeker EM, Ng-Kwai-Hang KF, Hayes JF, Moxley JE. Effects
of environmental factors and milk protein polymorphism on
composition of casein fraction in bovine milk, ] Dairy Sci 1985;
68:1752-1757.

18. Lucey JA, Fox PE. Rennet coagulation properties of late-
lactation milk. Effect of pH adjustment, addition of CaCl,
variation in rennet level and blending with mid-lactation milk.
Irish ] Agr Food Res 1992; 31: 173-184.

19. Ostersen S, Foldager J, Hermansen JE. Effects of stage of
lactation, milk protein genotype and body condition at calving
on protein composition and renneting properties of bovine
milk. ] Dairy Res 1997; 64: 207-219.

20. Barry JG, Donnelly WJ. Casein compositional studies. The
composition of casein from Friesian herd milks. ] Dairy Res
1980; 47: 71-81.

21. Bastian ED, Brown R], Ernstrom CA. Plasmin activity and milk
coagulation. ] Dairy Sci 1991; 74: 3677-3685.

22.  Albenzio M, Caroprese M, Santillo A, Marino R, Muscio A,
Sevi A. Proteolytic patterns and plasmin activity in ewes’ milk
as affected by somatic cell count and stage of lactation. ] Dairy
Res 2005; 72: 86-92.

23.  Sheldrake RF, Hoare RJT, McGregor GD. Lactation stage, parity,
and infection affecting somatic cells, electrical conductivity,
and serum albumin in milk. J Dairy Sci 1983; 66: 542-547.

24. Kroeker EM, NG-Kwai-Hang KF, Hayes JE, Moxley JE. Effect of
B-lactoglobulin variant and environmental factors on variation
in the detailed composition of bovine milk serum proteins. J
Dairy Sci 1985; 68: 1637-1641.

25. Brew K, Grobler JA. a-Lactalbumin. In: Fox PE editor.
Advanced Dairy Chemistry: Volume 1. Proteins. New York,
NY, USA: Elsevier Applied Science; 1992. pp. 191-229.


http://dx.doi.org/10.1051/animres:2000117
http://dx.doi.org/10.1051/animres:2000117
http://dx.doi.org/10.1051/animres:2000117
http://dx.doi.org/10.1051/animres:2000117
http://dx.doi.org/10.3168/jds.S0022-0302(91)78510-X
http://dx.doi.org/10.3168/jds.S0022-0302(91)78510-X
http://dx.doi.org/10.1016/S0065-3233(08)60554-9
http://dx.doi.org/10.1016/S0065-3233(08)60554-9
http://dx.doi.org/10.1533/9781855737075.1.5
http://dx.doi.org/10.1533/9781855737075.1.5
http://dx.doi.org/10.1533/9781855737075.1.5
http://dx.doi.org/10.1007/978-3-319-14892-2
http://dx.doi.org/10.1007/978-3-319-14892-2
http://dx.doi.org/10.1017/S0022029900030740
http://dx.doi.org/10.1017/S0022029900030740
http://dx.doi.org/10.1017/S0022029900030740
http://dx.doi.org/10.1017/S0022029900030740
http://dx.doi.org/10.1017/S0022029902005940
http://dx.doi.org/10.1017/S0022029902005940
http://dx.doi.org/10.1016/j.idairyj.2014.06.013
http://dx.doi.org/10.1016/j.idairyj.2014.06.013
http://dx.doi.org/10.1016/j.idairyj.2014.06.013
http://dx.doi.org/10.3168/jds.S0022-0302(85)80792-X
http://dx.doi.org/10.3168/jds.S0022-0302(85)80792-X
http://dx.doi.org/10.3168/jds.S0022-0302(85)80792-X
http://dx.doi.org/10.3168/jds.S0022-0302(85)80792-X
http://dx.doi.org/10.3168/jds.S0022-0302(85)80792-X
http://dx.doi.org/10.1017/S0022029900032519
http://dx.doi.org/10.1017/S0022029900032519
http://dx.doi.org/10.3168/jds.S0022-0302(04)73517-1
http://dx.doi.org/10.3168/jds.S0022-0302(04)73517-1
http://dx.doi.org/10.3168/jds.S0022-0302(04)73517-1
http://dx.doi.org/10.1017/S0022029900020410
http://dx.doi.org/10.1017/S0022029900020410
http://dx.doi.org/10.3168/jds.S0022-0302(85)81023-7
http://dx.doi.org/10.3168/jds.S0022-0302(85)81023-7
http://dx.doi.org/10.3168/jds.S0022-0302(85)81023-7
http://dx.doi.org/10.3168/jds.S0022-0302(85)81023-7
http://dx.doi.org/10.1017/S0022029996002099
http://dx.doi.org/10.1017/S0022029996002099
http://dx.doi.org/10.1017/S0022029996002099
http://dx.doi.org/10.1017/S0022029996002099
http://dx.doi.org/10.1017/S0022029900020896
http://dx.doi.org/10.1017/S0022029900020896
http://dx.doi.org/10.1017/S0022029900020896
http://dx.doi.org/10.3168/jds.S0022-0302(91)78557-3
http://dx.doi.org/10.3168/jds.S0022-0302(91)78557-3
http://dx.doi.org/10.1017/S0022029904000676
http://dx.doi.org/10.1017/S0022029904000676
http://dx.doi.org/10.1017/S0022029904000676
http://dx.doi.org/10.1017/S0022029904000676
http://dx.doi.org/10.3168/jds.S0022-0302(83)81823-2
http://dx.doi.org/10.3168/jds.S0022-0302(83)81823-2
http://dx.doi.org/10.3168/jds.S0022-0302(83)81823-2
http://dx.doi.org/10.3168/jds.S0022-0302(85)81007-9
http://dx.doi.org/10.3168/jds.S0022-0302(85)81007-9
http://dx.doi.org/10.3168/jds.S0022-0302(85)81007-9
http://dx.doi.org/10.3168/jds.S0022-0302(85)81007-9

26.

27.

28.

HAMEED et al. / Turk J Vet Anim Sci

Arumughan C, Narayanan KM. Influence of stage of lactation
on the triacylglycerol composition of buffalo milk fat. Lipids
1981; 16: 155-164.

Kgwatalala PM, Ibeagha-Awemu EM, Mustafa AF, Zhao X.
Stearoyl-CoA desaturase 1 genotype and stage of lactation
influences milk fatty acid composition of Canadian Holstein
cows. Anim Genet 2009; 40: 609-615.

Kay JK, Webber W], Moore CE, Bauman DE, Hansen LB.
Effects of week of lactation and genetic selection for milk yield
on milk fatty acid composition in Holstein cows. ] Dairy Sci
2005; 88: 3886-3893.

29.

30.

Jayan GC, Herbin JI. “Healthier” dairy fat using trans-vaccenic
acid. Nutr Food Sci 2000; 30: 304-309.

Drackley JK, Overton TR, Ortiz-Gonzales G, Beauliu AD,
Barbano DM, Lynch JM, Perkins EG. Response to increasing
amounts of high-oleic sunflower fatty acids infused into the
abomasums of lactating dairy cows. ] Dairy Sci 2007; 90: 5165—
5175.

169


http://dx.doi.org/10.1007/BF02535433
http://dx.doi.org/10.1007/BF02535433
http://dx.doi.org/10.1007/BF02535433
http://dx.doi.org/10.1111/j.1365-2052.2009.01887.x
http://dx.doi.org/10.1111/j.1365-2052.2009.01887.x
http://dx.doi.org/10.1111/j.1365-2052.2009.01887.x
http://dx.doi.org/10.1111/j.1365-2052.2009.01887.x
http://dx.doi.org/10.3168/jds.S0022-0302(05)73074-5
http://dx.doi.org/10.3168/jds.S0022-0302(05)73074-5
http://dx.doi.org/10.3168/jds.S0022-0302(05)73074-5
http://dx.doi.org/10.3168/jds.S0022-0302(05)73074-5
http://dx.doi.org/10.1108/00346650010352924
http://dx.doi.org/10.1108/00346650010352924
http://dx.doi.org/10.3168/jds.2007-0122
http://dx.doi.org/10.3168/jds.2007-0122
http://dx.doi.org/10.3168/jds.2007-0122
http://dx.doi.org/10.3168/jds.2007-0122
http://dx.doi.org/10.3168/jds.2007-0122

