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The Alpine and Yogurt craft 
hard cheeses made from unpasteur-
ized goat milk are studied in this 
paper. The task under consideration 
is to define the authenticity criteria 
for the Alpine and Yogurt craft goat 
cheeses made from unpasteurized 
milk during maturity process.

Consumers' orientation towards 
healthy eating leads to an increase 
in the supply of craft cheeses made 
from unpasteurized goat milk on the 
market, which involves assessing 
their quality, safety, and establish-
ing authenticity criteria. Such indi-
cators include the fatty acid compo-
sition and quality of milk fat lipids. 

The fatty acid composition 
of the cheeses has been analyzed 
using gas chromatography. The 
lipid structure of both cheeses con-
tained 15 fatty acids (11 saturated 
and 4 unsaturated). The share of 
saturated fatty acids increased by  
4.04–4.44% at the 18th month of 
maturity of the Yogurt cheese and 
at the 6th month of maturity of the 
Alpine cheese. 

During the maturity process, the 
proportion of polyunsaturated fatty 
acids in the Alpine cheese increased 
by 1.60–2.07%; in the Yogurt cheese 
by 1.24–2.35%. In both cheeses, the 
basis of ω-3 and ω-6 polyunsaturat-
ed fatty acids was linolenic and lin-
oleic; their ratio ranged from 1:4.26 
to 1:2.31. 

The ripened Alpine and Yogurt 
cheeses were characterized by the 
highest indices of thrombogenicity 
and atherogenicity, in contrast to 
old-ripened cheeses, in which these 
indices decreased against the back-
ground of an increase in the indices 
of hypocholesterolemic/hypercholes-
terolemic acids and healthy fat. The 
delta nine desaturase index (C14) 
during maturity period of the Alpine 
cheese decreased by 0.010–0.011; in 
the Yogurt cheese, on the contrary, it 
increased by 0.054–0.026 units. 

The fatty acid composition of 
goat craft hard cheeses could be a 
justification for devising criteria for 
their authenticity and nutritional 
value
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1. Introduction

It is known that the production of cheeses from unpas-
teurized milk most often takes place at artisanal enterprises 

that simultaneously specialize in raising small cattle, obtain-
ing milk, processing it, and selling small batches of dairy 
products. A number of well-known cheeses such as Cacio-
rikotta, Pecorino di Filiano, Roquefort, and Serra da Estrela 
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number of carbon chains and branched-chain acids. This is 
reflected even in the names of saturated fatty acids, which 
include caproic (C6:0), caprylic (C8:0), and capric (C10:0). The 
names of these acids come from the Latin term Capra – goat. 
At the same time, goat cheeses contain significantly less bu-
tyric (C4:0), palmitic (C16:0), and stearic acids (C18:0). Such 
a content of fatty acids in goat milk fat allows one to consider 
them as a criterion of species affiliation in combination with 
other indicators of chemical composition and biological char-
acteristics. However, in the cited study, goat milk cheeses 
were purchased on the market, which does not allow for an 
objective assessment of their recipe and limits the unifica-
tion of maturity conditions and comparison of indicators in 
dynamics. The reason for this may be the rather significant 
cost of the research, which is associated with a long maturity 
period, the cost of refined old-ripened goat cheeses, as well as 
the high variability of factors in craft production.

In [9] it is shown that craft hard cheeses made from goat 
milk are in significant demand by consumers due to their 
unique nutritional and taste characteristics. The peculiari-
ty of the tastes of such cheeses is determined by the use of 
unpasteurized milk for their production. Unlike cheeses 
made from pasteurized milk, cheeses made from raw milk 
are characterized by a rather dynamic and authentic micro-
biome. It provides the uniqueness of organoleptic shades, 
especially in mature and old-ripened cheeses. This is asso-
ciated [10, 11] with a long maturity period, which in hard 
cheeses reaches 1–2 years or more. The formation of the taste 
of cheeses occurs due to the enzymatic activity of microor-
ganisms in raw milk, which include a significant number of 
lactic acid bacteria, in particular Lactobacillus spp., Lactococ-
cus spp., Leuconostoc spp. and Enterococcus spp. However, the 
cited studies did not focus on the features of the microbiome 
of cheeses from unpasteurized milk and its effect on the fatty 
acid composition and quality of milk fat. This approach lim-
its the understanding of the nature of enzymatic processes 
in hard cheeses during their maturity. In cheeses from raw 
milk, these and other microorganisms are key and participate 
in the processes of lipolysis and proteolysis and synthesize 
a significant number of volatile compounds, in particular 
organic acids, alcohols, and esters, which determine the com-
position of its aromas.

According to a recent study [12], along with the exquisite 
taste, the benefits of raw goat milk cheeses for the human 
body are due to the most favorable fatty acid profile. The 
authors proved the dependence of the human immune re-
sponse on the composition and ratio of fatty acids in the diet. 
Short-chain fatty acids (SCFA) reduce metabolic imbalance 
and the development of oncological pathology, and in combi-
nation with polyunsaturated fatty acids (PUFA) enhance the 
effectiveness of immunotherapy. However, the study on the 
inclusion of hard goat cheeses from unpasteurized goat milk 
in the human diet and the impact of fatty acid composition 
on its health has not been conducted, which reveals the pros-
pects of such research.

Another work [13] notes the importance of regulating the 
human diet according to the content of polyunsaturated fatty 
acids, in particular ω-3 and ω-6. They ensure the structural 
integrity and fluidity of the cell membrane, participate in the 
regulation of glucose levels and other metabolites in the blood, 
contribute to the anti-inflammatory effect and improve blood 
clotting. It has also been proven that the most optimal ratio of 
ω-3/ω-6 fatty acids is found in goat milk fat, which allows us 
to recommend cheeses as potentially healthy food products. 

are made from unpasteurized milk. However, such produc-
tion often faces significant risks, which are associated with 
maintaining proper hygiene in the production, maturity, and 
storage of cheeses, as well as determining their authentici-
ty [1]. In many countries of the European Union and Africa, 
the practice of producing craft dairy products, in particular 
goat cheeses, is also widespread. Moreover, economic, politi-
cal, and social conditions stimulate the development of small 
eco-farms at which new cheese making technologies are 
being improved and developed [2]. As a result of the increase 
in the supply of craft goat cheeses on the food market, there 
is a need to devise criteria for their authenticity, as well as 
for determining their age, quality, and safety for consumers.

One of the main indicators of the biological value, quality, 
and safety of hard cheeses is the characteristics of milk fat. 
Its content in cheeses determines the intensity of lipolysis 
processes, the duration of maturity, and is provided by the 
spectrum and ratio of a significant amount of fatty acids. At 
the same time, fatty acids are important not only nutritional, 
but also biologically active components that significantly af-
fect human health [3]. Therefore, it is a relevant task to study 
the features of the fatty acid composition and quality of lipids 
depending on the maturity period of such cheeses.

2. Literature review and problem statement

Dairy products have always been and are an essential 
component in the diet of most people around the world; their 
range is constantly growing. This growth is characterized by 
the development of vegetarian, as well as elite natural dairy 
products. However, study [4] does not assess elite craft prod-
ucts, and issues related to determining their authenticity are 
also left unconsidered. At the same time, the quality control 
system for raw materials and the finished product is being 
improved [5]. These studies are more concerned with expand-
ing the range of healthy industrial dairy products and do not 
take into account the conditions of craft production. Expand-
ing quality requirements is one of the main criteria for con-
sumer choice and positioning dairy products in the system of 
a healthy diet [6]. Although among the criteria for a healthy 
diet there are requirements for fatty acid composition, the 
cited study pays more attention to the use of vegetable milk 
concentrates to increase product yield. This somewhat limits 
the assessment of the quality and authenticity of the final 
product. Moreover, the use of plant ingredients in the recipe, 
although it reduces the cost of the product, makes it difficult 
to determine the adulteration of milk fat with vegetable fats.

Cheeses are among the most popular dairy products. 
They are made from the milk of cattle and small cattle, which 
includes a significant number of breeds of sheep and goats. 
In [7] it is noted that goat cheeses differ from other cheeses 
in the features of their chemical composition, the content of 
nutrients and biologically active substances, in particular the 
content and ratio of fat and protein. However, the study ana-
lyzed the physicochemical composition of soft and brine goat 
cheeses from unpasteurized goat milk, which does not reflect 
the regularities of the maturity processes in hard cheeses. 
Also, questions remain unresolved regarding the compo-
sition and quality of milk fat in hard goat cheeses during 
maturity, which complicates determining their authenticity.

It was this approach used in [8] that showed that goat 
milk fat is superior to sheep and cow milk fats in terms of 
the content of short-chain acids, as well as acids with an even 
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However, in the cited study, the authors did not pay attention 
to other indicators of the quality of milk fat lipids, which does 
not allow us to compare the results of studies on goat cheeses 
from unpasteurized milk with a long maturity period. Ques-
tions remain unanswered regarding the quality of milk fat in 
hard goat cheeses during the maturity process, in particular 
young, mature, and old-ripened ones. A likely reason is much 
greater attention by scientists and producers to cheese safety 
indicators, in particular microbiological risks, contamination 
of milk with toxins, antibiotic residues and pesticides, which 
are regulated by regulatory documents.

The approach used to assess the quality of milk fat in [14] 
justifies the expansion of the list of these indicators. Of these, 
the most common are ƩSFA, ƩMUFA, ƩPUFA, ω-3 PUFA, 
ω-6 PUFA and ω-3 PUFA /ω-6 PUFA, as well as indices of 
atherogenicity, thrombogenicity, healthy fat, and others. 
Their development is due to the increase in consumer de-
mand for healthy nutrition but is mostly limited to the assess-
ment of cheeses purchased in the retail chain. This is largely 
related to monitoring the quality and safety of dairy products 
and does not make it possible to establish certain patterns 
in the dynamics of the fatty acid composition of cheeses 
depending on the maturity period. Therefore, the paucity of 
such studies to some extent limits their use as criteria for the 
authenticity of refined goat cheeses.

At the same time, despite the fact that the European 
Union markets present a significant list of names of various 
cheeses made using traditional technologies, the composition 
of fatty acids and quality indicators of milk fat have attracted 
little attention from researchers. This is evidenced by the 
analysis of scientific articles cited in international databases. 
Thus, out of 25,000 references to publications, the number of 
studies on the composition of fatty acids of individual cheese 
names reaches only a few dozen [15]. There is even less infor-
mation on the dynamics of fatty acid content and lipid quality 
during the maturity process of hard cheeses. Analysis of the 
fatty acid profile and lipid quality in hard craft goat cheeses 
made from unpasteurized milk during a long maturity period 
has been covered only in a few studies. This indicates that 
there are a significant number of disagreements and debat-
able issues in the concept of healthy eating, including milk 
fat quality indicators. 

All this gives reason to believe that research into the fatty 
acid composition and lipid quality of hard goat cheeses made 
from unpasteurized goat milk during maturity is appropriate.

3. The aim and objectives of the study

The aim of our study is to determine the dynamics in the 
content of fatty acids and, on their basis, to assess the quality 
of lipids of the Alpine and Yogurt craft hard cheeses made 
from unpasteurized goat milk, which ripen with the partici-
pation of the Acarus siro mite. This will allow us to establish 
criteria for authenticity, quality, and biological usefulness of 
craft hard goat cheeses.

To achieve the goal, it is necessary to solve the following 
tasks:

– to determine the fatty acid composition and define the 
dependence of lipid quality indices of the Alpine cheese on 
the maturity period;

– to determine the fatty acid composition and define the 
dependence of lipid quality indices of the Yogurt cheese on 
the maturity period.

4. The study materials and methods

4. 1. The object and hypothesis of the study 
The object of our study was the Alpine and Yogurt craft 

hard cheeses made from unpasteurized goat milk.
The principal hypothesis assumes that the maturity pe-

riod affects the fatty acid profile and milk fat quality of craft 
hard goat cheeses.

The assumption adopted in the study: identifying pat-
terns in the dynamics of fatty acid content, as well as milk fat 
quality indicators in young, mature, and old-ripened Alpine 
and Yogurt cheeses could provide a basis for using them 
to assess quality, safety, and as a criterion for determining 
authenticity.

The simplification accepted in the work: unified condi-
tions in the cheese maturity chamber, which also included 
the same density of colonization of the surface of the heads 
with the A. siro mite, the frequency and procedure for wash-
ing the heads, the same selection scheme and mass of cheese 
samples for the study, fatty acid composition and a list of milk 
fat quality indicators.

4. 2. Experimental material
The study used hard craft cheeses made from unpasteur-

ized goat milk: Alpine and Yogurt whose manufacturing 
technology is described in [16]. Milk from Anglo-Nubian 
goats obtained at the Eco Farm “Zhuravka” in the Kyiv oblast 
was used for the production of cheeses. The study was carried 
out from May 2023 to January 2025.

For the analysis of the content of fatty acids, average sam-
ples of both cheeses weighing 200 g each from 5 heads were 
taken at each stage of maturity. Samples of the Alpine cheese 
were taken at the age of 7 days, 6 months, and 12 months; 
the Yogurt cheese – at the age of 7 days, 6 months, and 
18 months, respectively. The selection of cheese samples for 
analysis was based on the assessment of the initial fatty acid 
composition of lipids and their quality, which corresponded 
to the 7-day age of both cheeses. According to the indicators 
of physicochemical composition, cheeses of both brands were 
characterized as mature at the age of 6 months; as old-rip-
ened, at the age of 12 and 18 months.

4. 3. Research methods
To determine the content of fatty acids in cheese lipids, 

their extraction was carried out [17] followed by hydrolysis and 
methylation of fatty acids [18]. The study of the content of fatty 
acid methyl esters was carried out using gas chromatography 
Trace GC Ultra (USA) with a flame-ionization detector and 
an injector with temperature programming on a SPTM-2560 
high-polar capillary column (Supelco, USA), length 100 m, 
with an inner diameter of 0.25 mm and a thickness of the sta-
tionary phase of 0.20 µm. Chromatography was carried out un-
der the following conditions: column temperature 140–240°C, 
detector temperature 260°C. The sample was introduced into 
the chromatograph using a TriPlus autosampler in a dose 
of 1 μl. Analysis of the content of fatty acids in each cheese 
sample lasted an average of 65 min.

For the identification of fatty acids, the standard sample 
Supelco 37 Сomponent FAME Mix was used. The content 
of fatty acids in the lipid structure of cheeses was deter-
mined in percentages by the internal normalization method. 
The fatty acid composition of cheeses was performed in 
3 replicates. The content of the following fatty acids was 
determined in cheeses: butyric (C4:0), caproic (C6:0), capryl-
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ic (C8:0), capric (C10:0), hendecanoic (C11:0), lauric (C12:0), 
myristic (C14:0), myristoleic (C14:1), pentadecanoic (C15:0), 
palmitic (C16:0), stearic (C18:0), oleic (C18:1ω9), linole-
ic (C18:2ω-6), linolenic (C18:3ω-3), arachidic (C20:0).

To assess the quality of lipids in cheeses, calculations 
were made of the total content of saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA), polyunsaturated fatty 
acids (PUFA), unsaturated fatty acids (UFA), short-chain 
fatty acids (SCFA, С4–8), medium-chain fatty acids (MCFA, 
С10–16), long-chain fatty acids (LCFA, С17–20).

The quality of lipids in hard cheeses was also determined 
by separate indices using the calculation method. Δ9 desat-
urase Index (C14) was calculated, according to [19], from 
formula (1)

Δ9 desaturase Index (C14) = C14:1 / (C14:1 + C14:0). 	 (1)

This index shows the ratio of the sum of the main saturat-
ed to the main unsaturated fatty acids of fat. Saturated fatty 
acids are proatherogenic, which are able to increase the adhe-
sion of lipids to cells of the immune and circulatory systems. 
Unsaturated fatty acids are considered antiatherogenic since 
they reduce the level of esterified fats and prevent micro- and 
macrocoronary pathologies. The fatty acid C14:0 has a 4-fold 
higher atherogenicity than other fatty acids, therefore it is 
assigned a coefficient of 4.

The content of hypocholesterolemic fatty acids (DFA) in 
cheeses was calculated, according to [20], from formula (2)

DFA = MUFA + PUFA + C18:0. 			   (2)

To calculate the content of hypercholesterolemic fatty 
acids (OFA), formula (3) was used from [20] 

OFA = C12:0 + C14:0 + C16:0.  			   (3)

Hypocholesterolaemic/hypercholesterolaemic ratio 
(H/H) was calculated, using [21], from formula (4)

( )
( )

− + − + −
=

+ +
18 : 1 9 18 : 2 6 18 : 3 3

H/H .
12 : 0 14 : 0 16 : 0

C n C n C n
C C C

	 (4)

The ratio of the sum of saturated fatty acids C14, C16, and 
C18 (prothrombogenic) to unsaturated (antithrombogenic) is 
expressed by the thrombogenicity index (IT). Fatty acids n – 6 
and monounsaturated fatty acids are assigned a coefficient of 
0.5 due to their significantly lower atherogenicity than poly-
unsaturated fatty acids n – 3, which are assigned a coefficient 
of 3. IT characterizes the ability of fat to form blood clots in 
vessels. IT was calculated, according to [22], from formula (5)

( )
= + +

+ +


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+
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C
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Atherogenicity index (AI) was calculated, according to [22], 
from formula (6)

ІА = [C12:0 + (4 × C14:0) + C16:0]/(MUFA + PUFA). (6)

To objectively assess the nutritional value and health-pro-
moting properties of individual fatty acids involved in the 
occurrence of cardiovascular pathology, their weighted co-

efficients were taken into account in calculating the healthy 
fat index (HFI). To calculate this index, formula (7) was used 
from [23]

( ) ( )
( ) ( )

( ) ( ) ( )
( ) ( )

MUFA 2  – 6 4
 – 3 8  – 3 /  – 6

HFI .
SFA  1 MUFA 0.5  – 6 0.25

 – 3 0.125  – 6 /  – 3

n
n n n

n
n n n

 × + × +
 
+ × +  =

× + +
 
 

×× +

+ × +

	 (7)

It is believed that HFI, unlike AI and IT, is a direct indi-
cator of the presence of healthy fat in the product.

4. 4. Statistical analysis
Statistical processing of our study’s results was carried out 

using one-way analysis of variance (ANOVA). Digital material 
was subjected to regression analysis, data in the tables are 
represented as x ± SD (mean ± standard deviation). For this 
purpose, Microsoft Excel 2021 (USA) and XLSTAT (France) 
software were used. The difference was calculated based 
on the indicators of fatty acid composition and lipid quality 
within each hard cheese type depending on the maturity pe-
riod, which was considered significant using the Tukey test at 
P < 0.05 (taking into account the Bonferroni correction).

5. Results of investigating the fatty acid composition 
and lipid quality of the Alpine and Yogurt cheeses

5. 1. Results of investigating the dynamics in the fatty 
acid composition and lipid quality of the Alpine cheese

Our analysis of the Alpine cheese revealed that the pro-
portion of saturated fatty acids depended on the period of 
its maturity: it reached its maximum at the 6th month and 
decreased by 2.37% at the 12th month compared to the initial 
level on the 7th day (Tables 1, 2).

Table 1

Dynamics of fatty acid content in the Alpine cheese made 
from unpasteurized goat milk during maturity with the 

participation of Acarus siro mites (% of the total fatty acid 
content) (x ± SD, n = 5)

Acid
Cheese maturity period

7 days 6 months 12 months
Butyric acid, C 4:0 2.47 ± 0.06a 2.42 ± 0.19a 2.78 ± 0.10b

Caproic acid, C 6:0 2.78 ± 0.06a 3.91 ± 0.22b 3.16 ± 0.24c

Caprylic acid, C 8:0 3.13 ± 0.04a 3.80 ± 0.12b 3.03 ± 0.11a

Capric acid, C 10:0 9.55 ± 0.21a 12.29 ± 0.23b 7.98 ± 0.28c

Hendecanoic acid, C 11:0 0.26 ± 0.03a 0.17 ± 0.01b 0.24 ± 0.02a

Lauric acid, C 12:0 3.36 ± 0.10a 3.94 ± 0.14b 3.71 ± 0.32ab

Myristic acid, C 14:0 9.41 ± 0.16a 8.21 ± 0.14b 8.04 ± 0.25b

Myristoleic acid, C 14:1 0.56 ± 0.04a 0.40 ± 0.03b 0.41 ± 0.03b

Pentadecanoic acid, C 15:0 0.70 ± 0.01a 0.63 ± 0.05a 0.73 ± 0.03a

Palmitic acid, C 16:0 22.41 ± 0.22a 21.50 ± 0.72b 22.59 ± 0.26a

Stearic acid, C 18:0 14.42 ± 0.19a 15.96 ± 0.49b 13.39 ± 0.37c

Oleic acid, C 18:1n9c 27.92 ± 0.15a 21.65 ± 0.34b 28.37 ± 0.25a

Linoleic acid, C 18:2n6c 2.08 ± 0.07a 3.49 ± 0.11b 3.34 ± 0.23b

Arachidic acid, C 20:0 0.33 ± 0.02a 0.82 ± 0.05b 0.79 ± 0.03b

Linolenic acid, C 18:3n3 0.63 ± 0.03a 0.83 ± 0.12b 1.45 ± 0.07c

Note: superscript letters a, b, c indicate a significant difference between 
values in the same row of the table (P < 0.05).
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Such changes are primarily associated with similar fluc-
tuations in the total content of short-chain, medium-chain, 
and individual long-chain fatty acids in the fat structure of 
this cheese. Among the saturated fatty acids in the Alpine 
cheese, caproic, caprylic, capric, lauric, stearic, and arachidic 
reached their peak at the 6th month with a further decrease 
in the proportion by the 12th month of maturity. The highest 
content of butyric, pentadecanoic, and palmitic acids in the 
Alpine cheese was found at the 12th month of maturity, and 
hendecanoic and myristic acids in young cheese compared to 
mature and old-ripened.

In accordance with the change in the ratio of saturated 
acids, the proportion of unsaturated fatty acids was charac-
terized by significant fluctuations throughout the maturity 
period of the hard Alpine cheese. At the 6th month of maturi-
ty, the content of unsaturated acids in this cheese decreased 
by 7.83%, while at the 12th month it exceeded the similar 
indicator of young cheese aged 7 days by 2.37%. The decrease 
in the proportion of unsaturated fatty acids in the fat compo-
sition of the Alpine cheese at the 6th month of maturity oc-
curred due to a decrease in the content of monounsaturated 
fatty acids by 6.42%, in particular myristoleic by 0.16% and 
oleic by 6.27% compared to the similar indicators of cheese 
aged 7 days (Tables 1, 2).

As for the dynamics of polyunsaturated fatty acids in the 
Alpine cheese, it was characterized by a direct dependence on 
its maturity period. As the regression line showed, this depen-
dence was expressed by a second-power polynomial (Fig. 1).

At the same time, an increase in the proportion of poly-
unsaturated fatty acids in the Alpine cheese was found at the 
6th month of maturation by 1.6% and at the 12th month of mat-
uration – by 2.07% compared to the 7-day-old cheese. Such 
an increase in the content of polyunsaturated fatty acids in 
the structure of Alpine cheese occurred due to both ω-3 and 
ω-6 PUFA (Table 2). Ω-3 polyunsaturated fatty acids in the 
Alpine cheese are represented only by linolenic acid, the con-
tent of which in the fat increased by 0.20% at the 6th month 
of maturation and by 0.82% at the 12th month of maturation 
compared to the young cheese. The dynamics of changes in 
the content of ω-3 PUFA in the Alpine cheese was described 
by a regression line, which had the form of a second-power 
polynomial (Fig. 1).

Among the ω-6 PUFA of 
Alpine cheese, only linoleic 
acid was found, the propor-
tion of which increased by 
1.41% at the 6th month and 
by 1.26% at the 12th month 
of maturity compared to the 
7-day-old cheese. The ratio of 
ω-3/ω-6 PUFA in the Alpine 
cheese depended on the matu-
rity period, reaching its maxi-
mum at the 6th month and its 
minimum at the 12th month. 
Thus, this dependence was 
nonlinear and expressed by 
a second-power polynomi-
al (Fig. 1). 

The content of DFA and 
OFA in the fat of the Alpine 
cheese during the maturi-
ty period underwent mi-
nor fluctuations, but by the 

12th month the desired fatty acids prevailed. At the same 
time, the dynamics of the IT, H/H, HFI, and IA indices were 
characterized by a nonlinear dependence on the age of the 
cheese and were described by a regression line in the form of 
a second-power polynomial (Fig. 2).

Table 2

Lipid quality of the Alpine cheese made from unpasteurized 
goat milk during maturity with the participation of Acarus 

siro mites (% of the total fatty acid content) (x ± SD, n = 5)

Indicator
Cheese maturity period

7 days 6 months 12 months 
Σ SFA 68.81 ± 0.21a 73.64 ± 0.47b 66.44 ± 0.31c

Σ UFA 31.19 ± 0.20a 26.36 ± 0.46b 33.56 ± 0.29c

Σ MUFA 28.47 ± 0.15a 22.05 ± 0.35b 28.77 ± 0.25a

Σ PUFA 2.72 ± 0.06a 4.32 ± 0.21b 4.79 ± 0.27c

Σ ω-3 PUFA 0.63 ± 0.03a 0.83 ± 0.12b 1.45 ± 0.07c

Σ ω-6 PUFA 2.08 ± 0.07a 3.49 ± 0.10b 3.34 ± 0.23b

ω-3/ω-6 PUFA 3.30 ± 0.26a 4.26 ± 0.47b 2.31 ± 0.15c

Σ SCFA (4–8) 8.37 ± 0.11a 10.12 ± 0.36b 8.97 ± 0.22c

Σ MCFA (10–16) 46.25 ± 0.07a 47.14 ± 0.48b 43.69 ± 0.47c

Σ LCFA (17–20) 45.38 ± 0.09a 42.74 ± 0.29b 47.34 ± 0.46c

DFA 45.61 ± 0.11a 42.32 ± 0.29b 46.95 ± 0.48c

OFA 35.18 ± 0.21a 33.65 ± 0.56b 34.34 ± 0.28b

Δ9 desaturase  
Index (C14)

0.056 ± 0.005a 0.046 ± 0.002b 0.047 ± 0.004b

AI 2.03 ± 0.03a 2.21 ± 0.05b 1.74 ± 0.04c

H/H 0.87 ± 0.01a 0.77 ± 0.02b 0.96 ± 0.01c

IT 2.65 ± 0.03a 2.95 ± 0.14b 2.11 ± 0.05c

HFI 0.81 ± 0.01a 0.72 ± 0.02b 0.99 ± 0.01c

Note: superscript letters a,b, c indicate a probable difference between val-
ues in the same row of the table (P < 0.05); SFA – saturated fatty 
acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated 
fatty acids; UFA – unsaturated fatty acids; SCFA – short-chain fatty ac-
ids; MCFA – medium-chain fatty acids; LCFA – long-chain fatty acids;  
DFA – hypocholesterolaemic fatty acids; OFA – hypercholesterolaemic 
fatty acids; AI – Atherogenicity index; H/H – hypocholesterolaemic/hyper-
cholesterolaemic ratio; IT – hrombogenicity index; HFI – Healthy Fatty 
Index.
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The highest values of the IT and IA indices were re-
corded in mature Alpine cheese aged 6 months, while they 
were lower in young and old-ripened cheeses. The H/H 
and HFI indices of the Alpine cheese were characterized 
by a decrease during the 6-month maturity period and an 
increase by the 12th month. The Δ9 desaturase Index (C14) 
of the Alpine cheese reached a minimum value from the 6th 
to the 12th month of maturity, which is consistent with the 
proportions of myristic and myristoleic acids in the struc-
ture of its fat (Table 1).

5. 2. Results of investigating the dynamics of the 
fatty acid composition and lipid quality of the Yogurt 
cheese

The dynamics in the content of fatty acids in the hard Yo-
gurt cheese differed from the Alpine cheese. In this cheese, 
the proportion of saturated fatty acids increased by 4.85% at 
the 6th month and remained within these limits until the 18th 
month of maturity. Such an increase in the proportion of sat-
urated acids at the 6th month of maturity of the Yogurt cheese 
occurred to a greater extent due to short-chain fatty acids, in 
particular butyric, as well as medium-chain ones – hendeca-
noic, lauric, pentadecanoic, and palmitic. At the 18th month 
of maturity, the level of saturated fatty acids in the Yogurt 
cheese was provided by two short-chain acids such as caproic 
and caprylic, medium-chain – capric and two long-chain – 
stearic and arachidic (Tables 3, 4).

Accordingly, the proportion of unsaturated fatty acids in 
the fat structure of the Yogurt cheese was highest at the age of 
7 days with a subsequent decrease at the 6th and 18th months 
of maturity. The decrease in the content of unsaturated fatty 
acids in the Yogurt cheese during this maturity period was 
mainly due to monounsaturated fatty acids. Their proportion 
in the fat of this cheese at the 6th month of maturity decreased 
by 5.28%, and at the 18th month – by 6.79% compared to the 
cheese aged 7 days (Table 4).

This dependence of the content of unsaturated fatty acids 
in the Yogurt cheese was described by a second-power poly-
nomial (Fig. 3).

Table 3

Dynamics of fatty acid content in the Yogurt cheese made 
from unpasteurized goat milk during maturity with the 

participation of Acarus siro mites (% of the total fatty acid 
content) (x ± SD, n = 5)

Acid
Cheese maturity period

7 days 6 months 18 months 

Butyric acid, C 4:0 2.64 ± 0.17a 3.89 ± 0.07b 2.37 ± 0.14c

Caproic acid, C 6:0 2.75 ± 0.44a 2.56 ± 0.30a 3.43 ± 0.31b

Caprylic acid, C 8:0 2.83 ± 0.09a 2.71 ± 0.19a 3.92 ± 0.22b

Capric acid, C 10:0 9.43 ± 0.13a 8.64 ± 0.28b 11.29 ± 0.38c

Hendenadecanoic acid, 
C 11:0 0.26 ± 0.02a 0.43 ± 0.02b 0.15 ± 0.01c

Lauric acid, C 12:0 3.66 ± 0.26a 4.61 ± 0.18b 3.77 ± 0.16a

Myristic acid, C 14:0 9.34 ± 0.15a 8.72 ± 0.13b 7.47 ± 0.19c

Myristoleic acid, C 14:1 0.41 ± 0.03a 0.92 ± 0.05b 0.54 ± 0.03c

Pentadecanoic acid,  
C 15:0 0.61 ± 0.04a 0.97 ± 0.07b 0.74 ± 0.06c

Palmitic acid, C 16:0 22.02 ± 0.50a 24.02 ± 0.29b 24.44 ± 0.46a

Stearic acid, C 18:0 14.28 ± 0.76a 14.98 ± 0.38a 16.86 ± 0.20b

Oleic acid, C 18:1n9c 28.46 ± 0.26a 22.66 ± 0.15b 21.54 ± 0.55c

Linoleic acid, C 18:2n6c 2.24 ± 0.19a 3.30 ± 0.23b 3.68 ± 0.11c

Arachidic acid, C 20:0 0.47 ± 0.14a 0.79 ± 0.02b 1.28 ± 0.05c

Linolenic acid, C 18:3n3 0.63 ± 0.02a 0.81 ± 0.04b 1.55 ± 0.07c

Note: superscript letters a, b, c indicate a probable difference between 
values in the same row of the table (P < 0.05).

Despite the increase in the content of myristoleic acid, 
the main contribution to the decrease in the total propor-
tion of monounsaturated acids during the maturity period 
of the Yogurt cheese was made by oleic acid. Similar to 
the Alpine cheese, an increase in the content of polyun-
saturated fatty acids was noted in the Yogurt cheese with 
an increase in the maturity period. It was found that at 
the age of 6 months, the proportion of PUFA in the fat 
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structure of the Yogurt cheese increased by 1.24%, and at 
the 18th month – by 2.35% compared to young cheese aged 
7 days (Table 4). The dependence of the content of polyun-
saturated fatty acids on the maturity period of the Yogurt 
cheese was nonlinear and was expressed by a second-power 
polynomial (Fig. 3). Such an increase in the proportion of 
PUFA in the fat of the Yogurt cheese is associated with an in-
crease in the content of both ω-3 and ω-6 PUFA. As in the Al-
pine cheese, in the Yogurt cheese, the representatives of ω-3 
and ω-6 PUFA were the same, and the dependence of their 
content on the duration of cheese maturity was expressed by 
a second-power polynomial (Fig. 4).

At the same time, the ratio of ω-3/ω-6 PUFA in this 
cheese was characterized by relative stability from the 7th day 
to the 6th month, and at the 18th month of maturity, a decrease 
in this value by 1.19 was noted.

The content of desirable (hypocholesterolemic) ac-
ids (DFA) in the Yogurt cheese reached its peak on the 7th day 
of maturity, decreasing throughout the maturity period. 
At the same time, the proportion of hypercholesterolemic 
acids (OFA) in the structure of its fat reached its maximum 
content on the 6th month with a subsequent decrease on 
the 18th month of maturity. A similar pattern was noted in 
the dynamics of the Δ9 desaturase Index (C14) of the Yogurt 
cheese, which corresponded to fluctuations in the content of 
myristic and myristoleic acids during these maturity periods.

The IT of the Yogurt cheese during the maturity period 
was characterized by dynamics similar to the Δ9 desaturase 
Index (C14). A somewhat reverse trend was observed for the 
H/H and HFI indices, which in the Yogurt cheese decreased 
by the 6th month, and then increased by the 18th month of 
maturity and reached almost the initial value. Such a depen-
dence of the indices in the Yogurt cheese in all cases was 
described by a regression line in the form of a second-power 
polynomial (Fig. 5).

Our research results indicate that the dynamics of indi-
vidual milk fat quality indices of the Yogurt cheese coincide, 
in particular Δ9 desaturase Index (C14) and IT, as well as H/H 
and HFI.

Table 4

Lipid quality of the Yogurt cheese made from unpasteurized 
goat milk during maturity with the participation of Acarus 

siro mites (% of the total fatty acid content) (x ± SD, n = 5)

Indicator
Cheese maturity period

7 days 6 months 18 months 

Σ SFA 68.27 ± 0.34a 72.32 ± 0.26b 72.71 ± 0.44b

Σ UFA 31.73 ± 0.32a 27.68 ± 0.27b 27.29 ± 0.43b

Σ MUFA 28.86 ± 0.28a 23.58 ± 0.13b 22.07 ± 0.57с

Σ PUFA 2.87 ± 0.18a 4.11 ± 0.20b 5.22 ± 0.16c

Σ ω-3 PUFA 0.63 ± 0.02a 0.81 ± 0.04b 1.55 ± 0.07c

Σ ω-6 PUFA 2.24 ± 0.19a 3.30 ± 0.23b 3.68 ± 0.11с

ω-3/ω-6 PUFA 3.57 ± 0.40a 4.11 ± 0.44a 2.38 ± 0.09b

Σ SCFA (4–8) 8.21 ± 0.42a 9.16 ± 0.52b 9.72 ± 0.37b

Σ MCFA (10–16) 45.71 ± 0.50a 48.31 ± 0.47b 45.39 ± 0.31a

Σ LCFA (17–20) 46.08 ± 0.52a 42.52 ± 0.65b 44.90 ± 0.41c

DFA 46.02 ± 0.61a 42.66 ± 0.63b 44.15 ± 0.45c

OFA 35.01 ± 0.39a 37.35 ± 0.19b 32.68 ± 0.30c

Δ9 desaturase  
Index (C14)

0.042 ± 0.003a 0.096 ± 0.004b 0.067 ± 0.005c

AI 1.99 ± 0.02a 2.29 ± 0.03b 2.02 ± 0.05a

H/H 0.89 ± 0.01a 0.72 ± 0.02b 0.82 ± 0.03c

IT 2.58 ± 0.03a 2.95 ± 0.14b 2.11 ± 0.05c

HFI 0.83 ± 0.01a 0.75 ± 0.01b 0.82 ± 0.02a

Note: superscript letters a, b, c indicate a probable difference between 
values in the same row of the table (P < 0.05); SFA – saturated fatty ac-
ids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated 
fatty acids; UFA – unsaturated fatty acids; SCFA – short-chain fatty 
acids; MCFA – medium-chain fatty acids; LCFA – long-chain fatty 
acids; DFA – hypocholesterolaemic fatty acids; OFA – hypercholes-
terolaemic fatty acids; AI – Atherogenicity index; H/H – hypocholes-
terolaemic/hypercholesterolaemic ratio; IT – thrombogenicity index; 
HFI – Healthy Fatty Index.
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6. Results of investigating the fatty acid composition 
and lipid quality of the Alpine and Yogurt cheeses: 

discussion and summary

The fat of goat cheeses can contain 38 fatty acids, of 
which 20 are saturated, 9 are monounsaturated, and 9 are 
polyunsaturated. As a rule, the basis of fatty acids is 8, which 
corresponds to 91% of the total content, in particular C8:0, 
C10:0, C12:0, C14:0, C16:0, C18:0, C18:1, and C18:2 [20]. In 
contrast, in this study, only 15 fatty acids were found in the 
hard goat cheeses Alpine and Yogurt made from unpasteur-
ized milk (Tables 1, 3). The main saturated fatty acids were 
myristic, palmitic, and stearic. The basis of unsaturated acids 
in the Alpine and Yogurt cheeses was oleic, which is associ-
ated with the peculiarities of the composition of milk fat of 
ruminants and is consistent with other studies on goat chees-

es [24]. Similar results were 
obtained in [25] when analyz-
ing Graviera cheese made from 
pasteurized and unpasteurized 
cow’s milk. In the cited study, 
as well as in other studies on 
Casseri and Graviera chees-
es, it was found that palmitic 
acid in hard cow’s milk chees-
es dominated the other acids, 
and its content exceeded 35%. 
In contrast, when analyzing 
the hard goat cheeses Alpine 
and Yogurt, the dominance of 
monounsaturated oleic acid 
was revealed throughout their 
maturity period. The propor-
tion of palmitic acid in both 
cheeses fluctuated without a 
certain pattern throughout the 
maturity period (Tables 1, 3), 
although in comparison with 
Graviera cheese made from 

both pasteurized and unpas-
teurized milk, its decrease was 
found with an increase in the 
maturity period up to 120 days. 
Cheddar cheese made from 
standardized cow’s milk during 
5 months of maturity also showed 
a higher palmitic acid content, 
reaching 27.2%, and oleic acid 
level – 24.4% [26].

The Alpine and Yogurt goat 
cheeses in terms of the content 
of short- and medium-chain 
acids such as butyric, caproic, 
caprylic, and capric (Tables 2, 4) 
were superior to Graviera cheese 
from cow’s milk [25] but were as 
close as possible to Caciotta and 
Canestrato cheeses from goat’s 
milk [24]. This may be due to 
the peculiarities of the compo-
sition of milk fat of different 
ruminants, their breed, feeding 
ration, physiological state, sea-
son of production and mainte-

nance [27], as well as the recipe and maturity period of the 
cheeses [28]. Such a difference in the content of short- and 
medium-chain fatty acids between goat and cow cheeses is 
explained by the specifics of the pronounced bright “goat” 
taste, which is formed due to the predominance of caproic, 
caprylic, and capric acids in the lipids of the milk of these 
animals.

Myristic acid (C14:0) was found in high concentrations 
in the Alpine and Yogurt cheeses, but its content decreased 
with increasing age in both cases (Tables 1, 3). The Yogurt 
cheese was characterized by an increase in the proportion of 
myristoleic acid with increasing maturity time, which was 
consistent with the Δ9desaturase Index (C14), but no such 
pattern was found for the Alpine cheese (Tables 2, 4).

The dynamics in the content of stearic acid (C18:0) as 
one of the main saturated acids in the Yogurt cheese was 
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inversely proportional to the maturity time, but this was not 
characteristic of the Alpine cheese. At the same time, the 
proportion of stearic acid in both goat cheeses significantly 
exceeded the similar indicator of Graviera cheeses from cow’s 
milk [25], while these cheeses were close in terms of the con-
tent of lauric acid.

Most polyunsaturated fatty acids that have one or more 
double bonds, in particular linoleic and linolenic, must enter 
the human body through the alimentary route, in particular 
with products that contain a lot of fat. At the same time, 
there is an imbalance of polyunsaturated fatty acids in the 
current human diet, which is associated with an excessive 
intake of ω-6 PUFA and a deficiency of ω-3 PUFA. Such a 
diet provokes chronic pathology, which can be complicated 
by obesity. Among animal-derived foods, dairy products are 
prioritized, namely cheeses in which the ratio of polyunsatu-
rated fatty acids is as close as possible to the desired one [24].

A feature of the Alpine and Yogurt goat cheeses made 
from unpasteurized milk was the direct dependence of the 
content of linoleic acid (ω-6), and linolenic acid – the only 
ω-3 polyunsaturated acid, on the term of their maturity. This 
is consistent with similar data obtained from the analysis of 
Gravier cheeses made from pasteurized and unpasteurized 
cow’s milk [25]. The significant accumulation of linoleic acid 
during the maturity period of the Alpine and Yogurt cheeses 
made from unpasteurized goat’s milk could be associated 
with the ability of certain strains of lactic acid bacteria to syn-
thesize linoleic acid isomerase. Such microorganisms include 
Lactiplantibacillus plantarum [28, 29], which was detected in 
the Alpine goat’s cheese, while in the Yogurt cheese other lac-
tic acid bacteria could be possible producers of this enzyme. 
This, in turn, ensured the formation of the uniqueness of the 
texture and biological value of such cheeses [30].

Among the indicators of milk fat quality, it is important 
to take into account the absolute amount of individual poly-
unsaturated fatty acids, as well as the ratio of ω-3/ω-6 PUFA, 
which in the human diet should fluctuate within 1:1–1:4. In 
the Alpine and Yogurt cheeses, it did not exceed the upper 
limit of the optimal value and decreased upon reaching the 
age of 12 and 18 months, respectively (Fig. 1, 3, 4), which is 
consistent with previously conducted studies on other hard 
goat cheeses [24].

The dynamics of hypocholesterolemic (desirable) fatty 
acids in the Alpine and Yogurt cheeses in all cases exceeded 
the proportion of hypercholesterolemic ones (Tables 2, 4). 
The milk fat quality indices of both hard cheeses Alpine and 
Yogurt were similar in general trend during the maturity pro-
cess (Fig. 2, 5). It is worth noting that the atherogenicity and 
thrombogenicity indices in both cheeses practically reflected 
the same pattern, that is, their dynamics were characterized 
by a certain synchrony. The same pattern was found for 
the H/H and HFI indices. At the same time, the dynamics 
of the healthy fat index actually overlapped the index of the 
ratio of hypocholesterolemic to hypercholesterolemic acids. 
Thus, in the case of analyzing the fat quality of hard goat 
cheeses from unpasteurized goat milk of long maturity, 
the H/H and HFI indices duplicated each other.

Comparison of the lipid quality of the hard goat cheeses 
Alpine and Yogurt with other cheeses showed that in terms of 
healthy fat index, both cheeses were inferior to aged cheese, 
Mix Caciotta, Ricotta made from cow and sheep milk, and 
Creamy Blue Cheese. The atherogenic index of the Alpine 
and Yogurt cheeses was significantly lower compared to 
the above-listed cheeses, with the exception of Creamy Blue 

Cheese. In terms of thrombogenicity index, they were close to 
all of the above-listed cheeses, inferior only to Creamy Blue 
Cheese [23].

One of the most important criteria for assessing the lipids 
of food products is comparing their quality with a product 
that a person produces for a person, that is, breast milk. 
Breast milk was characterized by an atherogenic index (AI) 
of 1.47, a thrombogenic index (TI) of 1.60, and a ratio of 
hypocholesterolemic to hypercholesterolemic acids (H/H) 
of 1.21 [31]. The lipids of the Alpine and Yogurt cheeses were 
somewhat inferior to breast milk in the above indices. This 
may be due to the long period of their maturation and the 
participation of a significant number of species of microor-
ganisms, fungi, yeasts, and acarid mites in this process [16].

Therefore, to devise a criterion for assessing the quality, 
safety, age, and authenticity of craft hard cheeses from unpas-
teurized goat milk, the ratio of fatty acids and milk fat quality 
indices could be used.

The limitation of our study was determining the fatty 
acid composition of hard cheeses without taking into account 
the fatty acid composition of goat milk. The lack of sensory 
evaluation of hard cheeses during maturity can be considered 
a disadvantage of our work. An instrumental analysis of the 
aromatic composition of hard cheeses from unpasteurized 
goat milk during maturity is promising. This study may 
be advanced through the microstructural analysis of hard 
goat cheeses during maturity. This would complement and 
expand the composition of the comprehensive criterion for 
their evaluation.

7. Conclusion

1. It has been established that during the maturity period, 
15 fatty acids were detected in the Alpine cheese: 3 short-
chain (butyric, caproic, and caprylic), 7 medium-chain (hen-
decanoic, lauric, myristic, myristoleic, pentadecanoic, and 
palmitic), and 5 long-chain (stearic, oleic, linoleic, linolenic, 
and arachidic). The main fatty acid of the lipids of this cheese 
was monounsaturated – oleic, its content ranged within 
21.65–28.37%. Among saturated acids, palmitic acid took the 
largest share in the structure of milk fat. Polyunsaturated 
acids consisted of the sum of linoleic and linolenic acids, the 
content of which in lipids increased throughout the maturity 
period of Alpine cheese from 2.72% to 4.79%. Among the milk 
fat quality indicators, the highest values of the IT and IA indi-
ces were characteristic of this cheese with a maturity period 
of 6 months and were characterized by a decrease until the 
age of 12 months. During the same period, the H/H and HFI 
indices reached a minimum value with a subsequent increase 
upon reaching the age of 12 months. The Δ9 desaturase In-
dex (C14) of the fat decreased by the 6th month of maturity 
and stabilized at this level until the 12th month. Our results 
regarding the fatty acid composition of the Alpine cheese 
reflect its difference from other cheeses of a similar type in a 
unique ratio of fatty acids and high quality lipids. This is due 
to the breed of goats, feeding and grazing conditions, as well 
as the geographical location of the area.

2. The fatty acid composition of lipids of the Yogurt cheese 
coincided with the Alpine cheese during the maturity period, 
which is due to the use of the same raw material – milk for 
their manufacture. At the same time, the dynamics of the 
fatty acid composition and quality of lipids of the Yogurt 
cheese differed from the Alpine cheese, which is explained 
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by the different technology of their manufacture. The content 
of oleic acid in the Yogurt cheese was characterized by an 
inverse dependence on the maturity period and fluctuated 
within 21.54–28.46%. The proportion of polyunsaturated 
fatty acids in the lipids of this cheese increased in direct pro-
portion to its age from 2.87% to 5.22%. The content of unsat-
urated fatty acids in the Yogurt cheese was characterized by 
a decrease at the age of 6 and 18 months by 4.05% and 4.44%, 
respectively, which was consistent with a decrease in the 
proportion of monounsaturated fatty acids, in particular 
oleic. The content of hypocholesterolemic acids (DFA) in the 
Yogurt cheese during the maturity period decreased against 
the background of an increase in Δ9 desaturase Index (C14). 
IT and IA of the Yogurt cheese reached peak values at the age 
of 6 months, and young and old-ripened cheeses had better 
indicators. According to the H/H and HFI indices, the fat 
quality of the Yogurt cheese was the best at the age of 7 days 
and 12 months. Craft hard Yogurt cheese belongs to authentic 
cheeses, which makes it unique not only in its fatty acid com-
position and provides high quality lipids but also in its health 
benefits for consumers.
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