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Abstract The aim of the present study was to examine the fatty acid composition and healthy lipids indices in raw
milk and dairy products, covering the main stages of production. The fresh cheese, butter, sour cream, and ultra-high
temperature treated milk, representing differences in technological approach were chosen for the study. Fatty acids
methyl esters were quantified using a gas chromatograph equipped with flame ionization detector and a capillary
column SP-2560. No significant influence of the technological process has been identified. The concentrations and
profile of fatty acids and healthy lipids indices in final product fat were primarily dependent on the content of the
raw milk or cream. The significant difference (P<0.05) in main groups of fatty acids and healthy lipids indices were
determined according to the season (except for sour cream). Summer raw milk and cream was a healthier option for
the production of fresh cheese, ultra-high temperature milk, and butter.
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1. Introduction

Milk is the most valuable among all plant and animal
products. This is due to the unique composition of the
milk and its nutritional value, which makes it possible for
milk to replace any of the foods. Milk contains all the
necessary nutrients for the human body: proteins, fats,
lactose, micro and macro elements, vitamins and enzymes
ensure normal human growth, development and vital
functions of the body [1]. Milk fat is one of the most
complex natural fats that consist of approximately
400-500 fatty acids (FA) [2]. The human body absorbs
about 97 percent of the milk fat and supplies the essential
polyunsaturated fatty acids (PUFA). Two main and
essential PUFA are linoleic acid (18:2n6; LA) and o-
linolenic acid (18:3n3; ALA) which represent the n6é and
n3 of PUFA group respectively, are not synthesized in the
human body and should be obtained with food [3].
C18:1c9 (oleic acid) which is the most abundant fatty acid
of monounsaturated fatty acids (MUFA) and the isomers
of conjugated linoleic acid, related to the cholesterol
reduction and to the anticarcinogenic effects respectively
[4].

Despite benefits, for a long time bovine milk was
thought to contribute to cardiovascular disease (CVD) due
to negative effects of saturated fatty acids (SFA) which

account for 65-75% of all milk fat. However, recent
deacade findings have indicated that the impact of SFA to
CVD may be less pronounced than previously assumed. It
has been shown that not all SFA are created equal and
that the presence of specific fatty acids in circulation
are associated with a lower incidence of several
cardiometabolic diseases [5]. Now, it is stated the
increased low-density lipid (LDL) blood concentration is
attributable to C12:0 (lauric), C14:0 (myristic), and C16:0
(palmitic) acids, while other SFA found in milk neutralise
their effect since they increase high-density lipids (HDL)
level [6] or has no effect on LDL because is
poorly absorbed in the gut (eg. C18:0, stearic acid) [7].
Even trans FA from ruminant sources may have
cardioprotective effects [1].

The FA profile of dairy fat is important for the
nutritional quality of dairy products. To acsses the diet
nutrition value and consumer health the ratio of
PUFA/SFA and LA/ALA, desirable fatty acids (DFA),
hypocholesterolemic/hypercholesterolemic index (h/H),
atherogenicity index (Al) and thrombogenicity index (TI)
are valued widly. In 1991, according to the different effect
and link to coronary heart disease of the various FA, it
was suggested to calculate the Al and TI that can more
reliably measure potential of the diet than a ratio of
PUFAJ/SFA [8]. The h/H takes into account the known
effects of certain FA (C18:1, PUFA, C14:0, C16:0) on
cholesterol metabolism [9]. DFA are expressed as the sum
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of unsaturated fatty acids (UFA) plus C18:0 (stearic acid)
[10].

A PUFA/SFA ratio above 0.45 is recommended in the
diet to prevent coronary heart disease and cancers [11].
According reglamentation from European Union, the
levels of LA and ALA should cover a ratio between 5-6.
Nevertheless, the optimal ratio should be 2:1 to 3:1
whereas lower ratio of omega-6/omega-3 FA is more
desirable in reducing the risk of many of the chronic
diseases [12]. The lower values of Al and TlI, that indicate
high quantities of anti-atherogenic FA in fat, are
recommended for a healthy diet [9].

A number of already known factors such as feeding
ration, season, stage of lactation, pregnancy, breed or
genotype, parity and stage of lactation, dairy production
system factors can greatly influence the profile of FA in
milk [13,14,15,16]. There were described health lipid
indices (HLI) in raw milk depending on the cow breed
[9,17], feeding ratio [15], the species of animal [16,17].
But there is still lack of information on HLI in different
stages of dairy technological process. It is not clear
whether all of the FA are transferred from the raw material
to the final product, whether and in what way their ratio
changes, are there any loss of certain FA and changes in
HLI during production, simultaneously. Therefore, the
purpose of this study was to analyze the extent of FA
transfer from raw milk fat to dairy product and evaluate
the nutritional value of dairy fats according to PU FA/SFA,
LA/ALA, h/H, DFA, Al and TI during raw milk
processing.

2. Materials and Methods

2.1. Samples and Reagents

Several dairy products such as fresh cheese, butter, sour
cream and ultra-high temperature treated (UHT) milk,
representing differences in technological approach were
chosen for the study. Each product was examined two
times. The samples from the main technological stages
(Table 1) were collected at one branch of Lithuanian dairy
factory during June-July period and January-February
period in 2018. The products were manufactured following
standard methods [18]. All chemicals and FAME
standards for Gas Chromatographic (GC) Analysis were
purchased from Merck (KGaA, Darmstadt, Germany).

Table 1. Sampling scheme

Product Sampling points*

Fresh cheese raw milk  standardized milk  fresh cheese  whey

bulk butter

Butter butter butter milk -
cream
standardized and
Sour cream  bulk cream - sour cream -
pasteurized cream
UHT milk raw milk  standardized milk UHT milk -

*Each sample was taken and analyzed in triplicate.

2.2. Lipid Extraction

The lipid separation from liquid samples (milk, cream,
buttermilk, whey) was done by centrifugation. The lipids
from cheese were extracted using hexane: 10 g of sample

were dispersed with 15 ml hexane using a homogenizer
(IKA T25 digital ULTRA TURAX) for 3 min, shaken
mechanically and then centrifuged at 5000 rpm for 20 min.
The upper solvent was removed and the sediment
extracted again twice. The solvents with dissolved fats
were combined and evaporated with a rotary evaporator
(IKA, RV 10 basic) under vacuum [19].

2.3. Fatty Acids Analysis

The FA were converted into fatty acid methyl esters
(FAME) as follows [20]: 60 mg of concentrated fat was
mixed with 4 ml of hexane and 200 pl of 2 molL™ KOH in
methanol, then 1 min intensively vortexed and after 10
min of standing the top layer was collected and filtered in
to chromatography vial. FAME were quantified using a
GC Clarus 680 (Perkin Elmer) equipped with flame
ionisation detector (FID) and a capillary column SP-2560,
100 m x 0.25 mm id x 0.20 um. Conditions for
chromatographic analysis were as following: the injector
and detector temperatures were maintained at 250 °C. FA
profiles were determined by injection of 1 uL, with a split
ratio of 1:19. Oven temperature was held at 100°C for 4
min, increased to 240°C (4°C/min) and held for 70 min.
Carrier gas (He) flow rate was 20 mL/min. FA peaks were
identified using using Supelco® 37 Component FAME
Mix. Each FA was expressed in g/100 g of total FAME
content.

FA were divided into four main groups depending on
the presence and the number of double or triple bonds:
saturated fatty acids (SFA), unsaturated fatty acids (UFA),
monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA).

Indices of atherogenicity (Al) and thrombogenicity (TI)
were counted according following formulas [8]:

Al (C12:0+(4xC14:0)+C16:0) o
~ (PUFA+MUFA)

— (C12:0+C16:0+C18:0) ©)
~ [(0.5x MUFA)+(0.5 x n6PUFA) '

+(3 x N3PUFA) +(n3PUFA/N6PUFA)

The hypocholesterolaemic and hypercholesterolaemic
(h/H) index was counted as follows (9):

18:1+PUFA
h/H:(CB +PUFA)

A (3)
(C14:0+C16:0)

Desirable fatty acids (DFA) were expressed as the sum
of unsaturated fatty acids (UFA) and C18:0 (stearic acid)
according this formula [10]:

DFA=UFA+C18:0. @

2.4. Statistical Analysis

The experiment was designed as a factorial experiment
with product and processing treatment as the main factors.
Statistical analysis was performed by SPSS statistical
package (Chicago, SPSS Inc.,, SPSS 17). The data
were analysed using Descriptive Statistics (Explore)
and Analysis of Variance (ANOVA) methods. The
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significance of interactions among the groups assessed
was determined by the Tukey HSD test. The differences
were considered as significant at P<0.05.

3. Results and Discussion

Analysis of summer and winter raw milk samples
confirmed other author’s findings [21,22]: summer milk
had significantly (p<0.05) more UFA and MUFA and less
SFA than winter milk (Figure 1). The PUFA level was
similar in milk fat of both seasons.
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Figure 1. The health lipid indices and percentage composition of main
groups of FA in raw milk samples

The PUFA/SFA ratio was much lower (0.03+0.00) than
recommended value (0.45) in both seasons milk. The
LA/ALA ratio was 2.25+0.10 for raw summer milk and
3.02+0.13 for raw winter milk. Although the LA/ALA
ratio was significantly lower in summer milk, the milk fat
of both seasons was consistent with and even exceeded
recommendations.

In addition, summer milk had significantly higher
content of DFA and higher h/H index as well. Obviously,
that Al and TI were lower (p<0.05) in summer milk.
Despite very low ratio of PUFA/SFA, summer milk is a
healthier option for human nutrition. On the other hand,
not all SFA are harmful to human health. The most
unwanted and related to cardiovascular disease FA (C12:0,
C14:0 and C16:0) [6] were accounted for 53% of all SFA
in raw milk samples in this study.

The seasonal impact, which is most closely associated
with cow’s feeding ration [13], is evident on milk FA
composition and HLI. Since the cow’s breed has an
influence on FA composition and HLI [9] it is necessary
to mention that analyzed raw milk data largely represent
the Lithuanian black and white and Lithuanian red cows'
breeds. These two cows’ breeds make up 56.71% and
21.40%, of dairy cows in Lithuania, respectively.

Fresh cheese selected for the study was manufactured
from standardized, pasteurized and cooled milk by adding
mesophilic lactic acid bacteria (LAB, Lactobacillus lactis
subsp cremoris, subsp. lactis, subsp. lactis  biovar
diacetylactis and Leuconostoc subs). After 12 hours of
fermentation, curd body was sliced and warmed to 65°C
to separate the whey. Milk fermentation and whey
separation could be identified as the most important stages
in production of fresh cheese. However, milk fermentation
did not have any impact on main FA groups during both
seasons. And the similar amount of FA were transferred
from curd body to whey. Hence, the HLI and ratio of
PUFA/SFA and LA/ALA remained stable during whole
fresh cheese production. The 2005 study did not showed a
significant differences in FA profile between raw sheep
milk and fresh cheese/ricotta fats. Authors state that
concentrations of FA in fresh cheese fat were primarily
dependent on the FA content of the raw milk [24]. That is
in accordance with our findings with bovine milk. Fresh
cheese made during summer period had healthier ratio of
FA, more DFA acids and better Al and TI than cheese
produced during winter (Table 2).

Unsalted 82 % fat butter was chosen for our study.
Churning was the main stage in the butter-making process
that destroyed fat globule’s membranes. Very little data
available on FA profile changes during butter production,
but 2007 study showed that butter-making process had no
significant influence on the conjugated linoleic acid and
FA content of cream processed into butter [25]. The data
of current study presented similar results: the profile and
concentrations of FA remained similar during all
technological stages. But the difference between analogous
samples in a different season was confirmed (Table 3).
Since summer butter had less SFA and more UFA and
MUFA, the Al and DFA values were rated as healthier.

Table 2. The concentration of main groups and ratios of FA and HLI indices during fresh cheese production in diferent season

Summer Winter
Raw milk Standardized milk  Fresh cheese Whey Raw milk Standardized milk  Fresh cheese Whey

72.88+0.55° 72.93+0.05% 73.50+0.56°  72.33+0.91*  76.51+0.27° 75.16+1.19° 76.85+0.19°  77.91+1.30°
UFA 27.12+0.54° 27.07+0.04% 26.50+0.53*  27.67+0.89°  23.49+0.25° 24.84+1.17° 23.15+0.18°  22.09+1.28°
MUFA 25.09+0.48° 24.79+0.13 24514049  2550+0.87° 21.33+0.11° 22.88+0.94 21.24+0.26°  20.08+1.26°
PUFA 2.03+0.07 2.28+0.12 1.99+0.00 2.18+0.08 2.16+0.17 1.96+0.25 1.91+0.08 2.01+0.18
PUFA/SFA 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.03+0.00 0.02+0.00 0.03+0.00
MUFA/SFA  0.34+0.01° 0.34+0.00 0.33+0.01° 0.35+0.02°  0.28+0.00° 0.30+0.02 0.28+0.00° 0.26+0.02°
LA/ALA 2.00+0.12 2.03+0.32 2.01+0.16 2.14+0.25 2.88+0.84 2.57+0.37 2.86+0.79 2.81+0.27
h/H 0.46+0.02° 0.46+0.00° 0.49+0.01° 0.48+0.03°  0.37+0.01° 0.40+0.02° 0.35+0.01° 0.37+0.01°
DFA 37.95+1.11° 37.93+0.20 38.26+0.29°  39.18+0.66° 32.32+0.26" 34.24+1.10 31.91+0.47°  30.45+1.45°
Al 3.35+0.11° 3.37+0.04 3.46+0.05° 3.20+0.19°  4.14+0.11° 3.78+0.31 4.23+0.06° 4.44+0.25
Tl 3.12+0.09° 3.07+0.13 3.11+0.13° 3.10+0.16 3.75+0.18° 3.69+0.19 3.93+0.08° 4.39+0.55

Values are mean valuexSEM ¢/100 g of FAME; means with diferent lowercase letters within the same row show significant (P<0.05) difference
between analogous sampes in diferent seasons; SFA-saturated fatty acids, UFA-unsaturated fatty acids; MUFA-monounsaturated fatty acids; PUFA-
polyunsaturated fatty acids; PUFA/SFA-ratio of polyunsaturated fatty acids and saturated fatty acids; MUFA/SFA-ratio of monounsaturated fatty acids
and saturated fatty acids; LA/ALA-ratio of 18:2n6 (linoleic acid) and 18:3n3 (a-linolenic acid); h/H- hypocholesterolaemic and hypercholesterolaemic
index; DFA-desirable fatty acids; Al-atherogenicity index; TI-thrombogenicity index.
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Table 3. The concentration of main groups and ratios of FA and HLI indices during butter production in diferent season

Summer Winter

Bulk butter cream Butter Butter milk Bulk butter cream Butter Butter milk

70.49+0.70° 70.63+0.75° 71.21+0.89° 75.27+1.39° 74.12+0.42° 73.42+0.50°

UFA 29.51+0.69° 29.37+0.72° 28.79+0.84° 24.73+1.36° 25.88+0.40° 26.58+0.49°

MUFA 27.35+0.56" 27.11+0.68° 26.51+1.03° 22.21+1.48° 23.45+0.43° 23.71+0.29°
PUFA 2.1610.14 2.26+0.07 2.27+0.14 2.52+0.09 2.43+0.00 2.87+0.21
PUFA/SFA 0.03+£0.00 0.03+£0.00 0.03+£0.00 0.03+£0.00 0.03+£0.00 0.04+0.00
MUFA/SFA 0.39+0.01° 0.38+0.01* 0.37+0.02° 0.30+0.04° 0.32+0.01° 0.32+0.01°
LA/ALA 2.60£0.02 2.56+0.18 2.7240.34 2.69+0.05 2.52+0.26 2.3310.08
h/H 0.56+0.01 0.53+£0.03 0.49+0.01 0.41+0.06 0.43+£0.01 0.47+£0.01

DFA 40.60+0.32% 41.33+0.37° 39.25+0.38° 35.21+0.68° 35.38+0.70° 36.17+.0.71°
Al 2.90+0.06° 2.91+0.18° 3.16+0.08° 3.93+0.53" 3.64+0.09° 3.33+0.07°
TI 2.7740.01 3.04+0.08 3.00£0.02 3.45+0.37 3.31+0.10 2.97+0.09

Values are mean valuexSEM ¢/100 g of FAME; means with diferent lowercase letters within the same row show significant (P<0.05) difference
between analogous sampes in diferent seasons; SFA-saturated fatty acids, UFA-unsaturated fatty acids; MUFA-monounsaturated fatty acids; PUFA-
polyunsaturated fatty acids; PUFA/SFA-ratio of polyunsaturated fatty acids and saturated fatty acids; MUFA/SFA-ratio of monounsaturated fatty acids
and saturated fatty acids; LA/ALA-ratio of 18:2n6 (linoleic acid) and 18:3n3 (a-linolenic acid); h/H- hypocholesterolaemic and hypercholesterolaemic
index; DFA-desirable fatty acids; Al-atherogenicity index; TI-thrombogenicity index.

Sour cream chosen for this study was manufactured by
fermentation of standardized, homogenized and pasteurized
cream using LAB strains. During both seasons, FA profile
did not change during sour cream processing. Partially this
comes in agreement with other findings - no pasteurization
effect on milk fat profile [25,26], no homogenization
effect on cream [28] or milk [29] FA profiles were found.
Meantime, results from previous surveys with milk and
cream fermentation were very controversial [29,30,31]
pointing out the importance of LAB strains used for
fermentation, with probiotic strains contributing to
significant changes in FA distribution. However, the
cream fermentation with LAB in our study did not reveal
any significant changes in FA profile, therefore HLI and
ratio of PUFA/SFA and LA/ALA remained stable during
sour cream production. In contrast to other products
analysed in this study, significant seasonal effect between
summer and winter sour cream was not found either.

The milk treatment with ultra high temperature (135°C
for 3 sec) showed a slight change in the amount of
individual FA during UHT milk processing. For instance,
the amounts of short chain FA (except C4:0) and midle
chain FA tended to decrease, while long chain FA (except
C16:0, C17:0) slightly increased after high temperature
treatment. However, the significance of these changes in
FA profile has not been statistically confirmed. The SFA,
UFA, MUFA and PUFA groups remained stable during
UHT milk prossesing, therefore, the HLI and FA ratios
were not affected. Some authors refer to the significant
impact on short chain FA in UHT milk [26,32], but the
different heat treatment applied in their study (140°C for 3
sec) could have had a significant influence on this change.

4. Conclusion

The data analysis showed that technologies such
as milk pasteurisation, homogenization, ultra-high temperature
treatment, milk or cream fermentation by LAB, cream
churning process had no significant effect on the FA
profile or the corresponding FA ratio and HLI. In the
by-products (whey and butter milk), the FA ratio remained
similar. The FA composition and HLI in the final milk

products were directly dependent on composition of the
raw material.
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