Hindawi

Journal of Food Quality

Volume 2023, Article ID 9996340, 14 pages
https://doi.org/10.1155/2023/9996340

Research Article

WILEY | Q@) Hindawi

Challenges in Evaluating Quality of the Serbian Traditional Dairy

Product Kajmak

Biljana Aleksic 12 Ilija Djekic ,! Nada Smigic ,! Zorana Miloradovic ®,’
Nikola Tomic©®,' and Jelena Miocinovic

'Department of Food Safety and Quality Management, University of Belgrade, Faculty of Agriculture, Nemanjina 6, 11080,
Belgrade, Serbia

2Dairy Institute, Smolucska 11, 11070, Belgrade, Serbia

*Department of Animal Source Food Technology, University of Belgrade, Faculty of Agriculture, Nemanjina 6, 11080,
Belgrade, Serbia

Correspondence should be addressed to Jelena Miocinovic; jmiocin@agrif.bg.ac.rs

Received 26 June 2023; Accepted 7 September 2023; Published 26 September 2023
Academic Editor: Gianfranco Picone

Copyright © 2023 Biljana Aleksic et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Kajmak, a traditional Serbian dairy product, is a top, crust layer of milk containing a high amount of aggregated milk fat and
proteins, formed during long cooling of boiled milk. Due to variations in production technologies, environmental conditions,
and the composition of raw milk which varies from region to region, the quality of kajmak produced traditionally in
households is very inconsistent. Attempts to produce kajmak in the industry environment (dairy plants) turned out to be highly
challenging in terms of achieving a uniform quality and safety of the product. In order to have a deeper insight into the quality
of kajmak produced by the traditional manufacture and the industry, the main objective of the study was to investigate
sensorial, physicochemical, and textural properties of kajmak produced in households and dairy plants and distributed through
open markets and retail stores, respectively. A total of 36 samples of kajmak were analyzed for thirteen quality characteristics.
The results obtained showed a high variability in kajmak quality. The study applied a mathematical calculation of a single total
quality index (TQI) that makes all quality attributes comparable. Based on the obtained results, it was determined that kajmak
produced in households had a better TQI, which leads to the conclusion that in terms of kajmak quality, the traditional
production method is still superior to the industrial one. The correlation between the examined quality characteristics was
investigated using Pearson’s bivariate correlation analysis and principal component analysis (PCA). By applying PCA, four
principal components highlighting the most important quality characteristics were extracted. The results of the study suggest
that further research on the quality of this valuable dairy product, as well as government support and investment in the small
scale dairy sector, could be beneficial.

1. Introduction

In the Republic of Serbia, about 1,500 million liters of milk is
produced annually mainly in small dairy farms [1, 2]. It has
been estimated that about 50% of milk remains in house-
holds [3, 4], which can be consumed as such or processed
into products that significantly increase the value of milk and
the profitability of dairy production [2, 5, 6]. The distri-
bution of traditionally produced dairy products is mainly
performed through open markets [7-9].

Among dairy products, the traditional Serbian product
kajmak is one of the best known representatives of domestic
agriculture, characterized by its unique soft creamy texture
and special taste [10]. It is also produced in some countries of
Southeastern Europe and Asia [11, 12]. Kajmak is a top, crust
layer of milk containing a high amount of aggregated milk
fat and proteins, formed during long cooling of boiled milk
[13]. Historically, kajmak production has been associated
with warmer regions and is considered a way to preserve the
spontaneously separated milk fat from boiled milk [14]. The
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traditional production method is shown in Figure 1 [10].
Kajmak is usually consumed fresh (immediately after pro-
duction or after a ripening period of up to 7 days) or ripened
(after a ripening period of up to 30 days at 3-18°C) [10, 15]. It
is usually produced in rural households as part of a tradition
that has been passed down through generations [10, 16]. Due
to the traditional production process, which varies by region,
the quality of kajmak is often inconsistent and non-
standardized [11, 17]. Both the traditional production
method and distribution through open markets have been
associated with various food safety risks [18, 19].

The autochthonous microbiota isolated from kajmak
[16, 20], the characteristics during ripening under controlled
conditions [21], and the nutritional composition [15, 21]
have been previously studied. A detailed overview of kaj-
mak’s quality and classification has been published pre-
viously [10, 11, 22]. The influence of milk composition and
heat treatment on the composition of kajmak has been
recently studied [23]. Various studies have been conducted
on sensory [11, 12], chemical [17, 24], microbiological
[11, 21], and textural [12] properties of kajmak. The color of
kajmak has also been studied, together with various dairy
products [25], as food appearance highly influences con-
sumers in their purchasing decisions [26-28].

Food texture is affected by various factors such as
product composition, production technology, and storage
temperature [29], and it includes various food properties
that can be perceived by mechanical, tactile, and visual
senses [27]. Instrumental measurements and sensory eval-
uations can be used in analyzing the texture of dairy
products. Texture profile analysis (TPA) is widely used
[26, 29-32] and gives a deep insight into textural charac-
teristics of a product, especially when combined with the
evaluation results of trained sensory panels [26, 32].

Although food quality can be determined using objective
indices [33], the main constraints in determining the overall
quality of food include the inability to define one attribute
that is more important than others, and there is no unified
system of units in which different food properties can be
expressed [34].

Various quality characteristics such as the texture profile,
color, microbiological quality, and sensory profile can be
quantified and combined into a common overall parameter
[35-37]. Such a methodology is suitable for product testing,
development, and improvement of products and technol-
ogies [38]. As such, it was used to evaluate the quality of
extra virgin olive oil [37], different potato cultivars [39],
blueberry and cranberry juices and nectars [40], dried apples
[35], various mushrooms [34, 36, 41], and cultivated
tambaqui [33].

To our knowledge, the determination of kajmak quality
through the calculation of TQI has not been applied.
Therefore, the objective of this study was to derive TQI of the
samples using sensorial, physicochemical, and textural
properties of kajmak produced in households and dairy
plants and distributed through open markets and retail
stores, respectively. Attempts to produce kajmak in the
industry environment (dairy plants) turned out to be highly
challenging in terms of achieving a uniform quality and

Journal of Food Quality

RAW

v

Boiling of milk

v

Pouring milk into open
shallow vessels

v

Cooling (to 10-15°C) and
kajmak formation (~24 h)

v

Kajmak collection and
salting (layer by layer)

v

FRESH
KAJMAK

SALT [

Kajmak maturation
(15-18°C/15-20 days)

!

MATURE
KAJMAK

Figure 1: The procedure of traditional kajmak production,
according to Pudja et al., 2008.

safety of the product (Pudja et al., 2007). Therefore, the aim
of the present study is to address to this challenge by de-
termining the difference in quality characteristics between
products from households and those from dairy plants.
Determining the gap, which we hypothesize would exist
between the quality of the two groups of kajmak samples,
could serve as the basis for optimizing the production
process in the industrial scale. It would be a path to place this
valuable product to the world market instead of having it
only as a food of local significance.

2. Materials and Methods

In this paper, a mathematical approach is used to calculate
a single total quality index (TQI) that makes all quality
parameters comparable. A total of 36 samples of kajmak
from 18 open markets and 6 retail stores were analyzed.
Samples were collected in quantities of 200 grams, packed in
PVC containers, labeled, and transported in a cold chain to
the laboratory where they were analyzed the same day for
texture profile analysis and refrigerated at 4°C or kept frozen
(-18°C) for other analysis. Data on the maturity of kajmak
were obtained by interviewing sellers at open markets or
reading the food labels for products purchased at retail
stores. Physicochemical analyses were performed by an
accredited laboratory [42] and the Laboratory of Dairy
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Technology of the Faculty of Agriculture of the University of
Belgrade. TPA analysis was performed at the Laboratory of
Food Safety and Quality Management of the Faculty of
Agriculture, University of Belgrade.

2.1. Physicochemical Analysis. Composition of kajmak was
determined by using the following reference methods: dry
matter content (DM) by the drying method [43], milk fat
(MF) by the Van Gulik method [44], total protein (TP) by
the Kjeldahl method [45], and salt (NaCl) content by the
Volhard method [46]. The chemicals of analytical grade were
used. Based on composition parameters, the moisture in
nonfat substance (MNFS), milk fat in dry matter (FDM), and
total protein in dry matter (TP/DM) were calculated.

Equal amounts of kajmak and prewarmed distilled water
were mixed for pH determination with precalibrated
pH meter Basic 20+ (Crison Instruments, Barcelona, Spain).
Water activity was determined using precalibrated
AMTAST Water Activity Meter WA-60AB (Amtast USA
Inc.) according to the manufacturer’s instructions.

2.2. Texture Profile Analysis. Texture profile analysis (TPA)
of kajmak was performed using Brookfield CT3 Texture
Analyzer (Brookfield Engineering, Middleboro, MA, USA).
The tests were performed with an average compression of
50%.

Plastic cups (50 ml) were filled up to 2/3 with kajmak.
The samples were analyzed using the normal test mode
(single compression cycle) with a TA15/100 45 acrylic cone
probe. The testing trigger force was set up at 0.05 N, and the
test speed was set at 1.0 mm/s. The probe traveled a set
downward distance into the sample (10.0 mm) at a preset test
speed of 1.0m/s. As a result, the following texture charac-
teristics were measured: peak load, deformation at peak, and
adhesive force.

2.3. Sensory Analysis. A trained 9-member panel consisted
of researchers from the Faculty of Agriculture, University of
Belgrade. The panel members were trained in five 1h
training sessions over the period of two weeks, in line with
Djekic et al. [47], using kajmak samples of different degrees
of ripening in terms of the characteristics and description of
quality attributes through various terminologies in sensory
assessment. Kajmak was presented to the panelists in ran-
dom order. Appearance, odor, flavor, and oral texture were
rated using a 5-level quality scoring method, where each of
the five scores was divided into quarters, resulting in cat-
egory scale with 20 responses [35]. After evaluation, the
samples were rated as follows: excellent quality=5
(score >4.5), very good quality=4 (3.5 < score <4.5), good
quality = 3 (2.5 < score < 3.5), poor/unsatisfactory quality = 2
(1.5 <score<2.5), and very poor quality=1 (score<1.5).
The assessors freely chose to swallow or expectorate the
samples after testing, and low sodium bottled water and
bread were used for rinsing the palate. The sensory tests were
performed in the Sensory Testing Laboratory at the Faculty
of Agriculture, University of Belgrade.

2.4. Total Quality Index. The total quality index consists of
analyzing the “m” number of different quality attributes
(=1, ..., m). All quality attributes were divided into three
groups by the co-authors of this study, as experts in the field.
The Delphi method was used to evoke the opinions of ex-
perts, and the consensus without holdouts was achieved [48].
The total quality index was calculated using three basic
quality indices (QIs), according to [37, 49].

The quality attributes of the first group were those with
a defined target value (T) where the following rule is applied:
“the nearer to the target values the attributes are, the better
the quality is™

2% (x;,-T)
x

QL = , (D

max ~ *min
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where QI; is the quality index for the “j” quality attribute, x;
refers to the measured value in the subset of “n” values (i=1,
..., n), T is the target value, and xy,.x and X, are the
maximal and minimal values in the subset of values, re-
spectively. The basic quality index was calculated following
this rule for salt content and textural properties (peak load
and adhesive force) of kajmak, where T was the mean value
of the subset of values for the given attribute.

For the quality characteristics of the second group, the
following rule was applied: “the higher its value, the better
the quality is,” where QI; was calculated according to the
following equation:

X - X;
QI] = = : ;X < X max> (2)
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where QI; is the quality index for the “j” quality characteristic,
x; refers to the measured value in the subset of “n” values, X;ax
is the maximal value, and x,,;, is the minimal value. The rule
was applied for the physicochemical characteristics such as
a,» pH, DM, MF, TP, MNES, FDM, and TP/DM.

For the texture quality of the property deformation at
peak, the following rule was applied: “the smaller the value s,
the better the quality is,” using the following equation:

QI

Xi

o (3)

J
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«

where QI; is the quality index for the “j” quality property, x;
is the measured value in the subset of “n” values, and x,,.
refers to the maximal value in the subset of values.

The total quality index (TQI) is represented by all cal-
culated quality indexes (QI,,) as components of a new as-
sumed Euclidean space R™, where m is the number of quality
attributes. All QIs are considered as vectors QI = (QI;, QI,,

.. QI,,) e R™ [50], according to the following equation:

(4)

For the final interpretation, the “rule of thumb” is that
the further from the origin the vector is, the worse is its TQI,
and the nearer the origin the vector is, the better is the
TQI [37].



2.5. Statistical Analysis. The data were analyzed using IBM
SPSS Statistics version 21.0 for Windows (IBM Corporation,
Armonk, NY) and Microsoft Office Excel 2010 (Microsoft
Corp., Redmond, WA). Physicochemical analyses were
performed in two replicates, while texture profile analysis
was performed in triplicates.

Sturges’ rule was applied in order to group the kajmak
samples according to TQI values [51]. One-way analysis of
variance (ANOVA) with post hoc Tukey’s HSD test was used
to determine whether there were statistically significant
differences between groups with respect to the quality
characteristics. To assess the differences between quality
characteristics of kajmak samples with respect to the place of
production, the f-test was conducted. The statistical sig-
nificance was set at p <0.05.

Pearson’s bivariate correlation analysis was performed to
determine the association between the properties of the
tested samples. The relationships between observed quality
attributes were determined by using principal component
analysis (PCA).

3. Results and Discussion

The composition of kajmak depends on numerous factors
[5, 10, 17, 23, 52]. In terms of its chemical composition,
kajmak belongs to the group of milk fat-based products,
since fat is the most abundant ingredient, followed by milk
proteins [10]. However, these two components are not di-
rectly regulated by quality requirements outlined in current
legislation. By law, fresh kajmak should contain at least 60%
DM, 65% FDM, no more than 2% of NaCl, and a pH of at
least 4.8. Ripened kajmak should contain at least 65% DM,
75% FDM, no more than 3.5% NaCl, and a pH of at least
3.8 [13].

3.1. Quality of Kajmak

3.1.1. Physicochemical Properties. High variability was found
in most of the quality characteristics of kajmak (DM, FDM,
NaCl, and pH) (Table 1). When the samples were classified
by pH, it was found that 88.88% could be classified as fresh
kajmak. When classified by DM, most samples met the
standard for ripened kajmak (66.67%), similarly was found
for FDM (91.67%). It is of note that 11.11% and 2.78% of the
samples were below the legal values for the DM and FDM
content, respectively, and they were excluded from further
analysis (Table 1).

The results of MF content showed a high coefficient of
variation (Table 1). The high variability of MF content was
also found in other studies [11, 17, 53] and is probably
a consequence of the different milk composition, non-
standardized production process, and environmental con-
ditions. It is well known that the most abundant component
of DM in kajmak is MF [17, 24], and hence, they were
strongly positively correlated (r=0.825, Table 2).

High variability was also observed in the protein level
(CV =51.77%, Table 1) which was in line with previously
reported data [52]. It is of note that about 7% of protein is
incorporated into the upper kajmak skin, while about 2% of
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protein is incorporated into the lower kajmak level, which
affects the textural properties of the final product [5, 23]. Our
results showed a strong negative correlation of TP in relation
to MF, while a slightly weaker negative correlation was
established in relation to DM (Table 2). This is in line with
the results published by Radovanovic et al. [23], where
a decrease in protein content of kajmak when increasing fat
content was found.

Due to differences in the production process and en-
vironmental conditions, the differences in composition and
properties of the final product were to be expected and partly
explained the differences in the obtained results [10, 17, 54].
Some studies have shown that the greatest variabilities be-
tween different brands of kajmak also exist in DM and TP
[12]. The composition of raw milk, which is determined by
anumber of factors [55], significantly affects the protein and
fat content, as well as the yield of kajmak [56]. Furthermore,
keeping kajmak up to 21 days at 4°C does not affect FDM and
TP/DM content, while after 28 days, a significant decrease in
TP/DM content occurs. However if the ripening tempera-
ture is higher (16°C), after 21 days, FDM content decreases
significantly, while TP/DM increases gradually during the
21 days period, and then, after 28 days, it decreases again due
to proteolytic changes [24].

Hence, once produced, kajmak undergoes complex
biochemical transformations during ripening, depending on
the ripening conditions and duration. Therefore, besides the
production process and environmental conditions, the level
of maturity is highly important factor for its composition
and quality.

Regarding NaCl, the values obtained ranged from 0.06 to
3.21. Similar findings have been reported previously [11].
The present study found no significant correlation between
NaCl and texture profile characteristics (Table 2). Mioci-
novic et al. [12] reported that NaCl content ranged from 3.24
to 3.98 in both young and ripened kajmak, while the samples
examined by Barac et al. [24] had much lower values. It is of
note that the salt content of kajmak depends on the amount
of NaCl added during production.

The ripening conditions affect the changes in the pH of
kajmak, which could be explained by the activity of the
indigenous microbiota remaining after the application of
intensive heat treatment and the microbiota originating
from the environment [11, 16]. In the present study, the
pH value ranged from 4.53 to 6.44, with CV =11.14%.

With respect to the place of production, statistically
significant differences were determined for pH and TP,
which were higher for samples produced at households, as
well as MF, FDM, and MNFS, where lower values were
determined for traditionally manufactured (household)
products (Table 3).

3.1.2. Sensory Quality. The results of sensory quality judging
are shown in Table 1 and Figure 2. Overall sensory quality
scores ranged from 1.24 to 4.97. Of the 31 samples, 12.91%
were rated as “excellent,” 41.94% as “very good,” 25.81% as
“good, and” 19.36% as “poor,” and there were no “very poor”
rated samples (Figure 2). It is known that traditional
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FIGURE 2: Sensory quality of kajmak samples.

production is often associated with uncontrolled hygienic
conditions and nonstandardized production, which leads to
expected variations in the quality properties of kajmak.
However, the sensory panel gave the advantage to household
produced kajmak (Tables 1 and 3). It should be emphasized
that illegal adulteration of kajmak with vegetable fats
(margarine) was found during sensory analysis even in
samples produced in dairy plants. Therefore, further re-
search could be conducted to determine the methods for
combating adulteration of this valuable traditional dairy
product. Some kajmak samples were found to have un-
desirable sensory characteristics, such as an unpleasant odor
and/or taste, and an atypical texture.

A statistically significant positive correlation was found
between sensory quality scores and pH, TP/DM, and TP
content, while MNFS content was negatively correlated with
sensory scores (Table 2).

This suggests that the protein profile of kajmak, as well as
the biochemical changes leading to the changes in pH during
ripening, is important for sensory quality. Bearing in mind
that kajmak is considered a delicacy whose specificity is
based on traditional production, by which a unique sensory
quality is achieved, and the support of the authorities and
investments in the dairy sector could be beneficial.

3.1.3. Textural Properties of Kajmak. The textural properties
of artisanal dairy products are unique and depend on several
parameters, such as rheological properties, maturity, pro-
cessing, and chemical parameters [12, 32]. It has been re-
ported that the texture of the product of different maturity
levels differs and that fresh kajmak has a soft, creamy texture,
good spreadability, a flat body, and a gelatinous structure.
The mature product not only has a firmer granular texture
but also has better spreadability due to the destruction of the
protein structure during ripening [12, 22].

In this study, several textural characteristics were in-
vestigated. The peak load is represented as hardness/
strength, defined as the maximum measured load during the
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FiGUure 3: Frequencies of kajmak samples classified according to
TQL

test. Hardness as a mechanical property of a material is
considered an intensive property of the same and is in-
dependent of the size of the object [57]. It is a maximum
force required to compress food between teeth (molars) and
maintain a certain deformation. Products with poor
spreadability have high hardness values [58]. The results
(Table 1) showed that the tested samples were very uneven
with respect to hardness.

The influence of DM and MF on food hardness has been
found in products such as kajmak and cottage cheese
[12, 59]. Some studies have shown that higher content of
saturated fatty acids leads to higher hardness values in butter
[31]. A positive Pearson’s correlation was determined for
MF, MNEFS, and FDM, while TP was negatively correlated
with the kajmak peak load (Table 2). Biochemical changes
that occur during ripening lead to the appearance of a firmer
structure [12].

Adhesive force refers to the energy and force required to
separate a probe from the sample during the return stroke
being the work required to overcome the forces of attraction
between the surface of the food and other surfaces that come
into contact with the food during consumption, e.g., teeth,
tongue, and palate [60]. It was positively correlated with MF
content but not significantly, while there was a statistically
significant positive correlation with MNES. The proportion
of protein in dry matter was negatively correlated with
adhesive force. When compared to the studies on the ad-
hesiveness of various dairy products, the present study was
in line with those in which a positive correlation between fat
content and adhesiveness was observed in various dairy
products [31, 61], while other authors reported that cheeses
with lower fat content had higher adhesive strength [62].

It is of note that at the level of statistical significance, no
difference was found between kajmak produced in an in-
dustrial (dairy plants) and household environment (Table 3)
in terms of texture profile characteristics.
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3.1.4. Total Quality Index of Kajmak. TQI scores were
calculated to evaluate the overall quality of the tested
samples. Kajmak samples were ranked and classified into six
groups (Tables 1 and 2, Figure 3).

TQI ranged from 1.86 to 3.20 showing that the best TQIs
were obtained for the following samples: 27 (1.86), 9 (1.88),
31 (1.90), and 29 (2.04). The worst scores were determined
for samples 25 (3.20), 23 (3.18), 17 (3.15), 4 (3.11), 16 (3.07),
and 19 (3.04). It is noteworthy that the best-scored samples
were purchased in open markets as household produced
kajmak, while this was the case for only one of the worst-
scored samples (Table 1).

By analyzing the obtained values for each quality at-
tribute of the samples, it can be concluded that the best-
ranked samples had a higher TP and that it was significantly
lower in the worst-ranked samples. The best-rated samples
had lower values than the worst-rated samples for MF, which
was also observed for FDM. When the results were analyzed
after kajmak was classified into groups, statistically signifi-
cant differences (p <0.05) were found for both properties,
TP and MF (Table 4).

The quality of kajmak is also determined by pH, which
was higher in the best-ranked samples (5.99-6.44) than in
the worst-ranked ones (4.84-5.75) (Table 1). For pH,
a statistically significant difference was found between
kajmak groups (Table 4).

For texture quality characteristics, the highest values for
the peak load were observed for the worst-ranked samples,
while no pattern was observed for other characteristics,
although the highest values for adhesive force occurred for
two out of the six worst-scored samples (Table 1). Differ-
ences between groups were found only for hardness at the
level of statistical significance (Table 4).

For many years, the standardization and improvement of
kajmak production were a unique challenge. Attempts to
industrialize production did not have a positive effect, as
resulting products differed significantly from traditional
products in terms of sensory characteristics and/or quality
[11, 21]. Therefore, it is necessary to define the key quality
parameters and steps of the production process that would
help obtain a product of uniform quality.

3.1.5. Principal Component Analysis. The quality charac-
teristics that significantly distinguished the kajmak samples
were subjected to principal component analysis. The results
are shown in Figure 4 and Table 5. Four principal com-
ponents were extracted, accounting for 86.1% of the total
variance (Table 5). Loading values greater than 0.62 were
considered large enough to be of significance for explanation
of the correlation between PCs and kajmak quality attributes
(Table 5) [63].

The first principal component (PC1) was strongly cor-
related with the sensory quality score, pH, TP, TP/DM,
FDM, and MNEFS, while DM and MF showed a strong
correlation with PC2. The third principal component (PC3)
will be referred to as the “salt” axis since it was strongly
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TaBLE 5: Overview of the extracted principal components: per-
centage of variance and attribute loadings.

Quality characteristics PC1 PC2 PC3 PC4

% of variance 38.81 18.51 10.58 18.17
% of cumulative variance ~ 38.81 5732 67.89  86.06
Sensory score 0.640 0.219 -0.161  0.029
pH 0.690 0.106 0.057  -0.057
DM 0.001 0.946 0.031  -0.207
MF -0.496 0.851 -0.134 -0.020
Salt 0117  -0.054 0.963 -0.015
TP 0.908 -0.258 -0.013 -0.216
MNES -0.827 -0.186 -0.323  0.332

FDM -0.857 0326 -0.250 0.231

TP/DM 0.884 -0.353 -0.026 -0.198
PL -0.257 -0.088 -0.121  0.917
AF -0.183 -0.121 0.078 0.927

Extraction method: principal component analysis

Rotation method: varimax with Kaiser normalization (eigenvalue
>1)

The variables with large loading values (>|0.62|) marked with font
style bold are considered large enough to be practically significant
for explanation of the correlation between PCs and kajmak quality
attributes

DM, dry matter; MF, milk fat; TP, total protein; MNFS, moisture in nonfat
substance; FDM, fat in dry matter; TP/DM, total protein in dry matter; PL,
peak load; AF, adhesive force.

correlated only with the salt content. By analogy, the fourth
principal component was named the “instrumental texture”
axis due to a strong correlation with evaluated texture
characteristics (Table 5).

Distribution of the kajmak samples along PC1 and PC2
is presented in Figure 4(a). The samples with the lowest TQIs
(groups I and II) are positioned in the positive side of PC1,
while the left quadrants of the biplot are occupied by the
projections of samples with higher TQIs (the majority of the
samples belonging to groups V and VI). In addition, it can be
seen that the samples positioned in the first and fourth
quadrant diverge from zero at PC2 in both directions, which
indicates greater variability in terms of MF and DM, while
the left half of the coordinate system is occupied by samples
more uniform in terms of these characteristics (Figure 4(a)).

The second biplot (Figure 4(b)) shows that the harder
texture and higher adhesiveness were pronounced in the
worst quality samples (group VI and the majority of the
samples within group V). Although the majority of the tested
samples appeared in the negative side of PC3 indicating
saltiness lower than the average values determined in the
study, it can be concluded that the samples with a lower TQI
had a salt content close to the mean value determined in the
study and were less salty than the samples with the highest
TQIs (group VI) (Figure 4(b)).

This multivariate approach showed that the better
quality of kajmak is related to pH closer to neutral, higher
total protein content, lower fat and moisture in dry matter
content, smaller hardness and adhesiveness, as well as
moderate salt content.
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numbers. Attribute abbreviations are shown in Tables 1-5.

4. Conclusion

The objective of the study was to examine the quality parameters
of kajmak in a short dairy supply chain, with the aim to de-
termine the quality of this product, which would contribute to its
better standardization. The kajmak samples studied showed very
inconsistent quality for most of the examined parameters. The
values for the mandatory quality parameters (DM and FDM)
were lower than the legally prescribed values in 11.11% and
2.78% of the samples, respectively, most probably due to the
nonstandardized production process at the household level.

In order to evaluate the overall quality of this product,
a mathematical index of TQI was proposed in the study. On the
basis of the calculated TQI, kajmak samples were divided into six
groups, which significantly differ with respect to the following
parameters: sensory evaluation, pH, total protein, moisture in
nonfat substance, total protein in dry matter, and hardness.

The obtained results have shown that the samples with
the best TQIs were produced in households and sold in open
markets. The sensorial quality of kajmak produced in
households was also evaluated with higher scores, indicating
the uniqueness of traditional production methods. It was
found that the protein profile of kajmak has great impor-
tance in the overall quality, and statistically significant
differences were found for TP when the results were ana-
lyzed both, with respect to TQI classification and place of
production. Hence, further research on the quality pa-
rameters of this specific dairy product could be required.

During the sensory evaluation, illegal adulteration of
kajmak with vegetable fats was found even in samples
produced in an industrial environment; therefore, further
research could be carried out to determine methods for
detecting the adulteration of kajmak. When it comes to the
textural profile of kajmak, no statistically significant dif-
ferences were found between the samples produced by
traditional household procedures and those produced
industrially.

Pearson’s bivariate correlation analysis and PCA were
used to determine the correlations between the studied
quality parameters. The obtained results showed that the
most important quality characteristics related to the overall
quality of kajmak can be extracted by using PCA. Each of the
quality attributes subjected to PCA had at least one loading
value than could be considered to be of great significance,
explaining the correlation between PCs and kajmak quality
characteristics.

This study confirms the practical application of the TQI
as a simple mathematical tool for calculating total quality
without limitation on the number of quality attributes. One
limitation of the study is that none of the quality attributes
used to calculate TQI were assigned with a weighting factor.

The study contributes to the evaluation of the quality of
kajmak but also to the determination of differences in quality
that could be related to different production environments.
Therefore, further research on the quality parameters of this
specific dairy product could be beneficial.
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