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Abstract The aim of this study was to evaluate effects of three dairy cow groups consuming different grass diets (Diet A
comprising of 20% grass, Diet B comprising of 50% grass and 100% grazed grass-G) on cow milk proximate and fatty acid (FA) com-
position. The first principal component (PC1) accounted for 55.1%, and the second (PC2) accounted for 19.5% of the variance. The
score values for PC1 and PC2 of the FAs show that milk fat from grass (MF G) was characterized by high C6:0, C8:0 and C14:0 con-
tents. Milk from Diet A (MF A) was characterized by a higher content of C16:0. Milk from Diet B (MF B) was characterized by higher
contents of C18:1n-9 and C18:2n-6 than milk from Diet A. The most favorable FA composition was in milk from Diet B, comprising
50% grass. The least favorable FA composition was in milk from Diet A, comprising 20% grass and in milk from 100% grazed grass.

However, more testing is needed to bring a conclusion which food for dairy cows is the best.
Keywords: chemical composition, feed composition, milk fatty acids, principal component analysis.

Introduction

Diets consumed by lactating dairy cows are low
in fat content, generally containing only about 4-5%
lipid (Lock and Baumann, 2004). Butyric (C4:0)
to myristic acids (C14:0) are generated through de
novo synthesis in the mammary gland, while vary-
ing amounts of palmitic acid (C16:0) are derived from
de novo synthesis and from the uptake of circulating
lipids (Grummer 1991, Sejrsen et al., 2007, Neville
and Picciano, 1997). The main isomer present in milk
is the trans monounsaturated fatty acid (MUFA), vac-
cenic acid (18:1trans-11) (Chillard et al., 2007). In the
mammary gland, the fatty acids (FAs) undergo desat-
uration by biohydrogenation of linoleic acid from the
rumen to rumenic acid (RA, CLA cis-9, trans-11),
which finally converts C18:1 trans-11 to stearic acid
(C18:0) (Harfoot and Hazlewood, 1997). Conjugat-
ed linoleic acid (CLA) is common in milk, and is a
mixture of positional and geometric isomers of lin-
oleic acid (C18:2n-6) with conjugated double bonds
(Bauman and Lock, 2006). The high natural levels in
ruminant depot fat originate partly from bacteria in
the rumen (Harfoot and Hazlewood, 1997). The anti-
carcinogenic, antidiabetogenic, anti-atherogenic and
immunomodulatory effects of CLA have been clear-
ly established (Banni et al., 2003; Belury, 2002; Ip et

al., 2003; Lee et al., 2004; Pariza et al., 1996). The
predominant source of CLA in human diets is rumi-
nant-derived food products, with dairy products con-
tributing CLAs in various isomers but predominant-
ly as rumenic acid. Although CLA occurs in small
amounts in vegetable oils, the meat and milk of rumi-
nants contain particularly high concentrations, vary-
ing between 0.5% and 2% of total lipids (Bauman and
Griinari, 2003; Jenkins et al., 2008; Parodi, 2003).
CLA is a component of milk fat, and hence, research
has concentrated on increasing the CLA content per
unit of fat. Processing has little effect on CLA, so the
content in food products is related to the CLA con-
centration in the starting fat (Parodi, 2003). These are
the reasons for the intense interest in the distribution,
synthesis, and concentration of CLA in foods that is
believed to be health-promoting for consumers. Lino-
lenic acid (C18:3n-3) is derived principally from for-
age crops, being a major component of the oilseeds
and concentrates that are fed to dairy cows (Lock and
Baumann, 2004). Gaspardo et al. (2010) found unsat-
urated FAs and long-chain C18 FAs can be used as
efficient markers for the discrimination of milk based
on country of origin. This is in agreement with the
findings of other authors who pointed out that the var-
iation of FA compositions in milk can be related to the
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origin of the animals and breed (Poulsen et al., 2012;
Palladino et al., 2010). The aim of this study was to
evaluate effects of three cow grass-based diets on cow
milk proximate and fatty acid composition.

Material and Methods

Compliance with ethical standards

The experimental use of animals and proce-
dures for their management was performed in com-
pliance with the Animal Welfare Law, Serbia, and
approved by the Ethics Committee, Institute of Meat
Hygiene and Technology, Belgrade.

Dairy cow feeding and milking

A total of 21 lactating Holstein-Friesian dairy
cows were divided into three groups and then each
group was assigned to one of three dietary treatments.
Animal groups were fed one of three experimental
diets (Diet A comprising of 20% grass, Diet B com-
prising of 50% grass, both of which were mixed diets,
and grazed grass G). Cows were milked twice daily
and individual milk yields were recorded at each milk-
ing using the afimilk (Kibbutz Afikim, Israel) system.
Cows were fed at least 35 days before each sampling.

Milk and feed analysis

Milk samples were cooled and transported to
the laboratory for analysis of fat and protein contents.
The fat content was measured according to the Ger-
ber butyrometric method (ISO 488:2008), the protein
content was measured using a fully automated Kje-
dahl analyser (Kjeltec 8400, Foss, Hillerad, Denmark)

Feed samples were analyzed for moisture (/SO
6496:1999), crude protein, total fat (SO 6492:1999)
crude ash (/SO 5984:2002) and fibre content (/SO
6865:2000). The protein content was measured
using a fully automated Kjedahl analyser (Kjeltec
8400, Foss, Hillerod, Denmark). Nitrogen-free
extractives (NFE) as a measure of the soluble car-
bohydrates in the feed, such as percentage of starch
and sugar, were calculated.

FA analysis by capillary gas chromatography

The FA composition was determined by capil-
lary gas chromatograph previously using accelerated
solvent extraction (ASE), (ASE 200, Dionex, Sun-
nyvale, CA, USA) with petroleum ether and isopro-
panol mixture (60:40, v/v) at 100°C over three static

cycles of 1 min under nitrogen at 12 MPa. The sol-
vent from the collected extracts was removed under a
stream of nitrogen (Dionex Solvent evaporator 500,
Dionex, Sunnyvale, CA, USA) at 50°C until dry. The
fatty acid methyl esters (FAMEs) were prepared by
the method of base catalyzed methylation of FAs
with sodium methoxide in methanol according to the
method proposed by Christie et al. (2001). FAMEs
were determined by gas-liquid chromatography (Shi-
madzu 2010, Kyoto, Japan) with with flame ioniza-
tion detector (FID) on HP-88 column (length 100 m,
i.d. 0.25 mm, film thickness 0.20 um). Injector and
detector temperature were 250°C and 280°C, respec-
tively. Nitrogen was used as the carrier gas at flow
rate of 1.87 mL min~'. The injector split ratio was
set at 1:50. The injected volume was 1 pL. Detector
gases: hydrogen 40 mL min!, synthetic air 400 mL
min~!, make-up gas (nitrogen) 30 mL min'. Temper-
ature program for column: 50°C, hold 1 min; at a rate
of 13°C min' to 175°C, hold 15 min; at a rate of 4°C
min ! to 215°C, hold 10 min; at a rate of 2°C min' to
230°C, hold 5 min. Total analysis time was 61.5 min.
The chromatographic peaks in the samples were
identified by comparing FAME peaks with peaks in
FAME mix standard (Supelco 37 Supelco, Bellefon-
te, PA) and to which a mixture of 5 mg ml"' CLA
was added (mixture of methyl cis 9,11- and trans-
10,12-octadecadienoic acid, 05632, Sigma Aldrich).
Each milk sample was analyzed in triplicate.

Statistical analysis

All chemical analyses were performed in three
replicates and the results were statistically analyzed.
One factor analysis of variance (ANOVA) was used
to compare grouped data. Tukey-Kramer test was
used to test the significance of differences between
the observed means. All statistical analyses as well as
principal component analysis (PCA) were conduct-
ed using JMP 10 software (SAS Institute Inc.USA).

Results and Disccusion

Milk production and diets composition

The chemical composition of the milks is giv-
en in Table 1.

There was no significant difference in weight
of cows fed different diets. There was a significant
difference in the protein content of the milks, the
highest being in milks from Diets A and B and the
lowest in milk from grazing (P < 0.05). There were
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Table 1. The effect of dietary treatment on dairy cow and milk performance

MF (A)

MF (B)

MF (G)

=3 =3 (n =9) P- value
Milk yield, kg day™! 22 28 25 NS
Weight, kg cow™! 597488 560-+£8NS 550+£4N8 NS
Protein, % 3.41+0.01~ 3.21+0.0248 2.90+0.01 **
Fat, % 3.60+0.01N8 4.18+0.03N8 3.75+£0.01N8 NS

Legend: Values are mean + SEM, n —number of samples. P-value —level of significance; NS —not significant, ** Means within a row with
different superscripts differ significantly (P <0.01); MF (A) — milk from diet A; MF (B) — milk from diet B; MF (G) — milk from grazing

no significant differences observed in milk fat con-
tent (P > 0.05). However, significant different for
protein content and fat content were observed in
study of Palmar et al. (2020).

Chemical and FA composition of the diets are
given in Table 2.

Diet A and Diet B contained similar contents
of crude proteins, total fat and crude ash but dif-
fered in moisture, crude fibre and in nitrogen-free
extractives; the latter were highest in Diet A. Silage

accounted for 50% of Diet A and 20% of Diet B.
Also, the FA composition of Diets A and B differed.
Diet B contained higher levels of saturated FAs
(SFAs), including palmitic acid (C16:0) and stearic
acid (C18:0), than Diet A. Higher levels of monoun-
saturated FAs (MUFAs) occurred in Diet A, among
which oleic acid (C18:1n-9) was also higher than
in Diet B. Diet A contained higher levels of poly-
unsaturated FAs (PUFAs), of which linoleic acid
(C18:2n-6) was higher than in Diet B, but linolenic

Table 2. Chemical and fatty acid composition in diets (%)

Proximate composition Diet A Diet B Diet G
Crude proteins 8.10 9.49 3.86
Moisture 42.07 35.99 80.72
Crude total fat 1.66 1.42 0.77
Crude ash 4.61 5.19 1.95
Crude fibre 7.61 22.39 2.65
NFE 35.96 25.52 10.05
Silage 50 20 0
Concentrate 30 30 0
Grass 20 50 100
Fatty acid composition

C16:0 18.02 23.32 28.05
C18:0 2.61 4.99 6.45
C18:1n-9 25.67 20.18 13.68
C18:2n-6 47.36 37.92 13.34
C18:3n-3 4.02 10.51 32.38
SFA 21.62 31.10 36.54
MUFA 2593 20.47 17.24
PUFA 51.38 48.43 46.17

Legend: NFE — nitrogen-free extractives; SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyunsaturat-

ed fatty acids
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acid (C18:3n-3) was higher in Diet B than in Diet A.
Grass was full of moisture, nitrogen-free extractives
and linolenic acid.

Milk fatty acid composition

Milk FA composition is presented in Table 3.

SFAs were the most abundant FA class, being
statistically highest in milk from Diet A and milk
from grazing and the lowest in milk from Diet B.
MUFAs were the next most abundant FA class,
being statistically highest in milk from Diet B and
the lowest in milk from Diet A and milk from graz-

ing. PUFAs were statistically highest in milk from
Diet B followed by milk from grazing and were
the lowest in milk from Diet A (P < 0.05). Among
the SFAs, palmitic acid was present in the greatest
amounts, and was statistically highest in milk from
Diet A and statistically lowest in milk from Diet B (P
< 0.05). Among the MUFAs, oleic acid was statisti-
cally highest in milk from Diet B followed by milk
from grazing and was the lowest in milk from Diet A
(P <0.05). Among the PUFAs, linoleic acid was sta-
tistically highest in milk from Diet B, followed by
milk from grazing and was the lowest in milk from
Diet A (P <0.05). The profile of ¢9¢11-CLA isomers

Table 3. Effects of dietary treatments on milk fatty acid profiles (% of total FA).

MF (A)

MF (B)

MF (G)

FAs (n = 6) (n = 6) (n=9) P- value
C4:0 2.44+0.028 2.47+0.028 3.96+0.024 ok
C6:0 1.87+0.01% 1.60+0.02¢ 2.34+0.024 oAk
C8:0 1.15+£0.01® 0.97+0.018 1.334+0.02% woE
C10:0 2.76+0.044B 2.26+0.058 3.17+0.064 ok
C12:0 3.31+0.06 2.48+0.07 3.52+0.09 NS
C14:0 13.52+0.084 9.67+0.108 12.90+0.124 o
C16:0 42.01+£0.234 29.67+0.22¢ 34.30+0.308 ok
Cle6:1 1.44+0.024 1.64+0.04* 0.89+0.01B ok
C17:0 0.53+0.01B 0.67+0.014 0.55+0.01B ok
C18:0 8.39+0.128 10.95+0.208 11.02+0.254 HE
C18:1 trans-11 1.49+0.05 2.46+0.15 1.46+0.08 NS
C18:1n-9 19.81+0.28" 33.58+0.024 20.39+0.27" ok
C18:2n-6 1.40+0.01¢ 2.42+0.024 1.88+0.038 otk
C20:0+C18:3n-6 0.23+0.01 0.25+0.01 0.28+0.01 NS
c9,t11 CLA 0.15+0.0148 0.10+0.018 0.17+0.01* woH
C20:4n-6 0.10+£0.01® 0.16+£0.014B 0.16+0.014 ok
SFA 77.10+=0.294 61.90+0.09® 74.75+0.334 ok
MUFA 21.25+0.26" 35.23+0.04% 21.28+0.278 HoE
PUFA 1.65+0.05¢ 2.67+0.02% 2.214+0.03" ok
SCFA 8.26+0.058 7.30+0.058 10.88+0.10% ok
MCFA 61.87+0.374 45.20+0.24¢ 53.82+0.49® otk
LCFA 31.09+0.468 49.41+0.164 34.75+0.568 o
VLCFA 0.51+0.02 0.58+0.01 0.62+0.01 NS

Legend: Values represent mean + SEM, n — number of samples; P-value —level of significance; NS- not significant, ** Means within a
row with different superscripts differ significantly (P < 0.01); *** Means within a row with different superscripts differ significantly (P
< 0.001); SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyunsaturated fatty acids, SCFA — short-chain
fatty acids (< C11:0); MCFA — medium-chain fatty acids (C12:0-C17:0); LCFA — long-chain fatty acids (C18-C19); VLCFA — very

long-chain fatty acids (> C19:0); MF (A) — milk from diet A; MF (B) — milk from diet B; MF (G) — milk from grazing.
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in the milks was statistically highest in milk from
grazing, followed by milk from Diet A and was the
lowest in milk from Diet B (P < 0.05) (Table 3). The
same profile was obtained in study of Trbovi¢ et al.
(2017). The characteristic FA profile of milk from
the grazing dairy cows was predominantly C16:0,
C18:0 and C18:1n-9. The FAs of milk from Diet A
were high in C16:0, and the FAs of milk from graz-
ing and Diet B and C18:1n-9 were high in milk from
Diet B.

With our grass-based diets, the short-chain
FAs (SCFAs) composed 7-11% of the cow milk
FAs across all dietary groups. Conversely, if lipid
dietary supplements are rich in medium-chain FAs
(MCFAs), this could account for the different MCFA

content of 45% in Diet B milk and 62% in Diet A
milk; in fact, this is likely a consequence of the
C16:0 content (29.67% to 42.01% in milks from Diet
B and A, respectively). Long-chain FAs (LCFAs)
composed 31-49% of cow milk FAs and, in contrast
to MCFA, were the lowest in milk from Diet A, fol-
lowed by milk from grazing, but were the highest in
milk from Diet B. Very long-chain FAs (VLCFA)
were very similar in the three milk groups and did
not differ statistically. In contrast to short SCFA,
very little VLCFA is synthesized de novo by rumi-
nants and therefore most VLCFA must be ingested
in the feed if these moieties are to be present in the
milk (Elgersma et al., 2006; Chilliard et al., 2007).
LCFA in milk originate almost exclusively from the
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Figure 1. Principal component analysis among milk fatty acids (FA) (% of total fatty acids) in milk from
3 different diets
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feed, but can be considerably modified in the rumen.
Within the rumen, isomerization and hydrogenation
depend on the FA content in the feed, but they also
relate to the amounts of feed-derived starch and fib-
er that reach the rumen. According to Chillard et al.
(2007), the potential to decrease MCFA in milk via
cow diet is considerable, as occured in our study. For
example, in milk from the grazed grass diet, MCFA
composed 54% of the cow milk FAs, in milk from
Diet A, MCFA accounted for a higher percentage
of milk FAs, (62%) and in milk from Diet B, the
amount of MCFA was lower (45%). This was due
to the different cow diets. In contrast, our three cow
diets had no effect on concentrations of SCFA in cow
milk fat, as was observed by Chillard et al. (2007).
The enzyme A9-desaturase catalyzes the introduc-
tion of a cis-double bond mainly favoring the con-
versions of C16:0 into C16:1 and C18:0 into C18:1
n-9 (Ntambi and Miyzaki, 2004; Bauman et al., 20006;
Jenkins et al., 2008), as obtained in our study (Table
3). According to Poulsen et al. (2012), the results
obtained in the current study show that grass induces
higher C6:0 to C14:0 levels in milk which could be
related to reduced de novo synthesis of FA. C18:3n-3
probably was derived from grass, which accounted
for 50% of Diet B and 100% of the grazing diet.
PCA performed on the FAs (expressed as a per-
centage of the total FA) in the 21 milk samples pro-
vided better insight into the data structure (Figure
1). The analysis resulted in a two-principal-compo-
nent model that explained 74.6% of the total vari-
ance. The first principal component (PC1) account-
ed for 55.1%, and the second (PC2) accounted for

19.5% of the variance. The score values for the first
two principal components (PC1 and PC2) of the FAs
expressed as percentages of the total FAs show that
milk fat from grass (MF G) was characterized by
high C6:0, C8:0 and C14:0 contents. Milk from Diet
A (MF A) was characterized by a higher content of
C16:0. Milk from Diet B (MF B) was characterized
by higher contents of C18:1n-9 and C18:2n-6 than
milk from Diet A.

Conclusion

In this study, we examined the proximate and
FA composition in Holstein-Friesian dairy cows fed
on three dietary treatments. There was a significant
difference in the protein content of the milks, the
highest being in milks from Diets A and B and the
lowest in milk from grazing. There were no signif-
icant differences observed in milk fat content. Diet
B and Diet A contained similar contents of proteins,
total fat and crude ash but differed in moisture con-
tent, crude fibre content and in nitrogen-free extrac-
tives; the latter were highest in Diet A. The most
favorable FA composition was in milk from Diet B,
comprising 50% grass, 30% concentrate and 20%
silage. The least favorable FA composition was in
milk from Diet A, comprising 20% grass, 30% con-
centrate and 50% silage and in milk from 100%
grazed grass. The different feeding regimens result-
ed in dietary responses in the dairy cows that signif-
icantly affected the milk fat composition. However,
more testing is needed to bring a conclusion which
food for dairy cows is the best.

Poredenje sadrzaja masnih Kiselina u kravljem mleku u
zavisnosti od nacina ishrane zivotinja

Nikola ASanin, Dejana Trbovié, Jelena Cirié, Milan 7. Baltié, Vesna Pordevié, Nenad Parunovié,

Snezana Bulaji¢

Apstrakt: Cilj ispitivanja ovog rada je bio da se procene efekti tri razlicita nacina ishrane mlecnih krava (ishrana A- od 20%

trave, ishrana B - 50% trave i 100% ishrana na ispasi-G) na masnokiselinski sastav kravljeg mleka. Prva glavna komponenta (PC1)

¢ini 55,1%, a druga (PC2) 19,5% varijanse. Vrednosti skora za PC1 i PC2 FA pokazuju da se mlecna mast (MF G) karakterise visokim

sadrzajem C6:0, C8:01i C14:0. Mleko krava koje su bile u A grupi (MF A) karakterise veci sadrzaj C16:0. Mleko krava iz B grupe (MF

B) karakterise veci sadrzaj C18:1n-9 i C18:2n-6 u odnosu na mleko krava hranjenih u grupi A. Najpovoljniji masnokiselinski sastav

bio je u mleku krava iz grupe B, sa 50% trave. Najnepovoljniji masnokiselinski sastav bio je u mleku krava iz grupe A, i u mleku krava

hranjenih 100% na ispasi. Medutim, potrebno je veci broj istrazivanja da bi se doneo zakljucak koja je ishrana mlecnih krava najbolja.
Kljucne reci: hemijski sastav, sastav hrane za zivotinje, masne kiseline mleka, analiza glavnih komponenti.
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132



Meat Technology 63 (2022) 2, 127-133

References

Banni, S., Heys, S. D. & Wahle, K. W. J. (2003). Conjugated
linoleic acids as anticancer nutrients: studies in vivo and
cellular mechanism. In: Sébédio J-L., Christie W. W., Ad-
lof R. (eds.): Advances in Conjugated Linoleic Acid Re-
search, Vol 2., Champaign, Illinois, AOCS Press, USA,
267-281.

Bauman, D. E. & Lock, A. L. (2006). Conjugated linoleic acid:
Biosynthesis and nutritional significance. In: Fox P.F.,
McSweeney P.L.H., Paul L.H (eds.): Advanced Dairy
Chemistry, Volume 2 Lipids, 3" edn., Springer, USA,
93-136.

Bauman, D. E., Mather, I. H. Wall, R. J. & Lock, A. L. (2006).
Major advances associated with the biosynthesis of milk.
Journal of Dairy Science, 89, 1235-1243.

Bauman, D. & Griinari, J. (2003). Nutritional regulation
of milk fat synthesis. Annual Review of Nutrition, 23,
203-227.

Belury, M. A. (2002). Dietary conjugated linoleic acid in health:
Physiological effects and mechanisms of action. Annual
Review of Nutrition, 22, 505-531.

Chilliard, Y., Glasser, F., Ferlay, A., Bernard, L., Rouel, J.
& Doreau, M. (2007). Diet, rumen biohydrogenation and
nutritional quality of cow and goat milk fat. Furopean
Journal of Lipid Science and Technology, 109, 828-855.

Christie, W. W., Sébédio, J. L. & Juanéda, P. (2001). A prac-
tical guide to the analysis of conjugated linoleic acid
(CLA). Inform, 12, 147-152.

Elgersma, A., Tamminga, S. & Ellen, G. (2006). Modifying
milk composition through forage. Animal Feed Science
and Technology, 131, 207-225.

Gaspardo, B., Lavrencic, A., Levart, A., Del Zotto, S. & Ste-
fanon, B. (2010). Use of milk fatty acids composition to
discriminate area of origin of bulk milk. Journal of Dairy
Science, 93, 3417-3427.

Grummer, R. R. (1991). Effect of feed on the composition of
milk fat. Journal of Dairy Science, 74, 3244-3257.
Harfoot, C. G. & Hazlewood, G. P. (1997). Lipid metabolism
in the rumen. In: Hobson P.N. Stewart C.S. (eds.): The
rumen microbial ecosystem. London, Blackie Academic

and Professional, GB, 382-426.

Ip, M. M., Masso-Welch, P. A. & Ip, C. (2003). Prevention of
mammary cancer with conjugated linoleic acid: Role of
the stroma and epithelium. Journal of Mammary Gland
Biology and Neoplasia, 8, 103—118.

ISO 6496:1999. Animal feeding stuffs — Determination of
moisture and other volatile matter content

ISO 6492:1999. Animal feeding stuffs — Determination of fat
content. International Organization for Standardization,
Geneva, Switzerland.

ISO 5984:2002. Animal feeding stuffs — Determination of
crude ash. International Organization for Standardization,
Geneva, Switzerland.

Paper received: August 28" 2022.
Paper corrected: October 1112022.
Paper accepted: September 3" 2022.

ISO 6865:2000. Animal feeding stuffs — Determination of
crude fibre content — Method with intermediate filtra-
tion. International Organization for Standardization, Ge-
neva, Switzerland.

ISO 488:2008. Milk — Determination of fat content — Gerber
butyrometers. International Organization for Standardiza-
tion, Geneva, Switzerland.

Jenkins, T., Wallace, J., Moate, P. & Mosley, E. (2008). Re-
cent advances in biohydrogenation of unsaturated fatty
acids within the rumen microbial ecosystem. Journal of
Animal Science, 86, 397-412.

Lee, K. N., Kritchevsky, D. & Pariza, M. W. (1994). Conju-
gated linoleic acid and atherosclerosis in rabbits. Athero-
sclerosis, 108, 19-25.

Lock A. L. & Baumann D. E. (2004). Modifying milk fat com-
position of dairy cows to enhance fatty acids beneficial to
human health. Lipids, 39, 1197-1206.

Neville, M. C. & Picciano, M. F. (1997). Regulation of milk li-
pid secretion and composition. Annual Review of Nutri-
tion, 17, 159-84.

Ntambi, J. M. & Miyazaki, M. (2004). Regulation of
stearoyl-CoA desaturases and role in metabolism. Pro-
gress in Lipid Research, 43, 91-104.

Palladino, R. A., Buckley, F., Prendiville, R., Murphy, J. J.,
Callan, J. & Kenny, D. A. (2010). A comparison between
Holstein-Friesian and Jersey dairy cows and their F1 hy-
brid on milk fatty acid composition under grazing condi-
tions. Journal of Dairy Science, 93,2176-2184.

Pariza, M. W., Park, Y., Cook, M., Albright, K. & Liu, W.
(1996). Conjugated linoleic acid (CLA) reduces body fat.
FASEB Journal, 10, 3227-3227.

Parmar, P., Lopez-Villalobos, N., Tobin, J. T., Murphy, E.,
Buckley, F., A. McDonagh, A., J. A. O’Mahony, J. A.,
S. V. Crowley, S. V., Kelly, A. L. & Shalloo, L. (2020).
The effects of cow genetic group on the density of raw
whole milk.

Parodi, P.W. (2003). Nutritional significance of milk lipids In:
Sébédio J-L., Christie W. W., Adlof R. (eds.): Advances in
Conjugated Linoleic Acid Research, Vol 2, Champaign,
[llinois, AOCS Press, USA, 101-123.

Poulsen, N. A., Gustavsson, F., Glantz, M., Paulsson, M.,
Larsen, L.B. & Larsen, M. K. (2012). The influence of
feed and herd on fatty acid composition in 3 dairy breeds
(Danish Holstein, Danish Jersey, and Swedish Red). Jour-
nal of Dairy Science, 95, 6362—6371.

Sejrsen, K., Bjorn, T. & Jensen, S.K. (2007). Prospects of ob-
taining favorable fatty acid composition of cow’s milk by
feeding. Journal of Animal and Feed Science, 16, 7-20.

Trbovié, D., Spirié, D., Luki¢, M., Petrovi¢, Z., Parunovié, N.,
Djordjevié, V. & Miliéevi¢, D. (2017). Fatty acid compo-
sition of cow’s milk: opportunities and challenges for Ser-
bian dairy producers. Meat Technology, 58, 118-124.

133




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


