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Abstract: The work deals with the evaluation of the quality of curds produced in Slovakia and neighbouring countries (Czech
Republic, Poland, Hungary, Ukraine) at the time of their purchase and at the time of the end of the warranty period. Signifi-
cant differences in consistency (P < 0.05) were found between the model samples of cottage cheese after sensory evaluation.
Differences in total porosity were noted between curds examined on the first and last day, storage reduced porosity and
changed (reduced) grain size. There was a significant difference in colour between the samples (A1-E5) (P < 0.05). Colouri-
metric measurement confirmed the lightest colour in sample E4 (L* = 92.87, L* — lightness) from Ukraine, which showed the
lowest fat content, and the darkest sample was sample C3 from Poland (L* = 88.62). The minimum value of dry matter content
was found in sample E4 (15.79 + 2.59%) and the maximum value in sample C3 (35.82 + 2.59%). Towards the end of the use-
by date, the dry matter values slightly decreased. Statistical significance was demonstrated between the first day of purchase
and the expiration date in dry matter content (P < 0.05) and between fat content in dry matter (P < 0.05). The titration acidity
was exceeded in two cases, in sample B2 (first day — FD 172 °SH / last day — LD 192 °SH) and B4 (FD 162 °SH / LD 167 °SH).
During the guarantee period, the growth of micromycetes in curds was statistically significant (P < 0.05).
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Many factors contribute to the quality of dairy prod-
ucts. Their safety is affected by the health status of dairy
cows and hygienic conditions during the acquisition
of the raw material and its processing. Another factor
is the material composition of the milk. Quality is de-
termined by chemical composition, physical, sensory,
technological, culinary properties, nutritional, hygien-
ic value, and microbial contamination (Fox et al. 2017).

Curds are prominent components of dairy offerings,
particularly prevalent in Central and Eastern European

countries, comprising a wide-ranging and varied cat-
egory of dairy products (Chen et al. 2024).

Acid curdling of milk is the basis of sour cheese
production. By acidifying milk with the help of lactic
acid cultures or by adding acid, a milk clot is formed
at a certain acidity (Salameh et al. 2016).

Curds form a special group of very soft, cheeses with
low pH (pH 3.5-5.0) but high moisture [60-75%; water
activity (aw) > 0.98 to 0.99] and are produced on an in-
dustrial or artisanal scale and are consumed fresh
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or ripened (Samelis et al. 2021). Slovak legislation clas-
sifies curd based on the percentage of fat in dry matter
by weight (Table 1).

Curd is the world's most popular and most frequently
researched variety of sour cheese (Dal Bello et al. 2012;
Metin 2018), and it generally does not have a long shelf
life (Kerestes 2016).

Although consumers generally prefer fresh, mini-
mally industrialised food, the market simultaneously
demands very durable products, often at the maximum
limit that the internal and external environment of the
food in question can still provide. Under these cir-
cumstances, it cannot be completely ruled out that the
microorganisms present in them will sometimes over-
come all the barriers of the own product and techno-
logical procedures and cause its hygienic disturbance
(Janus et al. 2021).

Slovakia, a landlocked country in central Europe,
shares borders with five nations: Poland, Ukraine, Hun-
gary, Czech Republic, and Austria. Its climate is char-
acterised as typical European continental (Miklés and
Hrnciarovd 2002). Physicochemical analysis plays
a crucial role in assessing the quality of dairy products.
Analysing the physicochemical properties of milk and
dairy products such as cheese is essential for evaluating
product quality and assessing milk component concen-
trations (Komprej et al. 2012).

Ensuring food safety involves both prevention through
adherence to good hygiene practices and the principles
ofHazard Analysisand Critical Control Points (HACCP),
and meeting microbiological standards as stipulated
in Commission Regulation No. 2073/2005 on Micro-
biological Criteria for Foodstuffs.

Almasiova et al. (2023) in their work focused
on health, regardless of the way of farming in Slovakia,
consider milk as an input and products made from it,
including cheese, as safe for human consumption with

Table 1. Classification of curd according to the current
Slovak legislation based on the amount of fat in the dry
matter in percentage by weight (Declaration No. 343/2016*)

Curd group Fat in dry matter (FDM)
Fatty at least 38%
Semi-fat at least 15% and less than 38%

Low-fat or mild at least 5% and less than 15%

Defatted or soft less than 5%

*Declaration of the Ministry of Agriculture and Rural Devel-
opment of the Slovak Republic No. 343/2016 of Decem-
ber 8, 2016 on Certain Milk Products
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a beneficial effect on health and consider it an impor-
tant part of the human diet for many reasons.

Theaim of this work was to provide a description of the
sensory characteristics of selected samples of curds
produced in Slovakia and neighbouring countries.

The main goal was to identify the characteristics as-
sociated with the perception of the quality of curd sam-
ples and their different characteristics within different
countries. A secondary objective was to study to what
extent shelf life of curds changed the sensory profiles
of different samples, especially for sensory and phys-
icochemical properties.

This last goal was motivated by the fact that in eve-
ryday life, curd can be consumed at different temper-
atures, directly from the refrigerator, a few minutes
after taking it out of the refrigerator, a few days af-
ter purchase or on the day of the end of the warran-
ty period.

In addition, the identification of the main sensory
characteristics in relation to the monitored end-of-
warranty period will provide a better overview of the
multimodal aspects of the perception of differences
in dairy products, i.e. dual quality.

Scientific hypothesis. The hypothesis we tested was
that the sensory, physicochemical and microbiological
properties of curds may differ depending on the coun-
try of origin and thus the recipe used for production.
Scientific hypothesis: There is a statistically significant
difference between samples of curds produced in Slo-
vakia and in Slovakia's neighbouring states.

MATERIAL AND METHODS

The work analysed curd samples (n = 58) available
in retail chains produced in Slovakia and neighbouring
countries (Czech Republic, Poland, Hungary, Ukraine).
The selection of samples was carried out on the basis
of a random selection of curd available in the com-
mercial network of the given country. Only samples
of white cottage cheese were purchased, unflavoured,
unsmoked, the package size was 250 g, with the ex-
ception of sample C6 (200 g). The samples differed
in packaging method (cup, bag, vacuum packaging, foil
laminate, PET tray parchment paper) and fat content
in dry matter (fat, semi-fat, low-fat).

A total of 29 types of curds (Table 2) were examined:
— six samples of Slovak production (A1-A6),

— six samples produced in the Czech Republic (B1-B6),
— six samples from Poland (C1-C6),

— six samples from Hungary (D1-D6),

— five samples from Ukraine (E1-E5).


https://cjfs.agriculturejournals.cz/

Original Paper

317-329

Czech Journal of Food Sciences, 42, 2024 (5)

https://doi.org/10.17221/51/2024-CJES

aqny e Ul 8 60°0 31es ‘3 91 surajoad ‘3 9°¢ sayeIpAyoqied ‘S 0% 1eJ pand punois jej-1wuas 9D m
1103 uado-4ses y3rm . . <o < saqnd ojur punoid
1aded yuawryored [euonipen 8.50:03res 8 61 surt01d § g sareapiyoqies 8 9% 3y ‘pIND pAWIWIDS-TUIOS e
dno 3 70 31es ‘3 91 surajoad ‘3 /°¢ sajerpAyoqred ‘3 § yej 959910 pInDd JBJ-TWS D
puejod
9jeuTWE] [10] 3 1°0 31BSs 8 %1 sureroad ‘S ¢ sayerpAyoqied ‘3 971 1ej pInd wead [0
oyoed wmnoea PHIIIT] PRY ORI IND PIaWWIS J[&
P 3 80°0 31es ‘S 171 surazoad ‘S g'¢ sajeapAyoqred ‘3 G jej pmap PIS T w0
dno S 11°0 3res ‘3 91 surajoad ‘3 § sajeIpAyoqred ‘S § 1ej PInd JeJ-TwIas D
dno J9UUDI [BIGOIDTUW ‘S2INIMD AITRp 259515 DIN5 1B1-1UISS
“WeaId Inos 9saayd ‘3 1°0 Ires ‘S o1 surejoad ‘S § sayerpAyoqred ‘3 g'¢ 1ej o P ey 94
%P "UTW JUSJU0D I9)3eW AIP ‘940F "UTWI I9)3eW AIp UT JUSIUOD Jef
OFPUIITT TI0F ‘saxmymd ‘S 1°0 3es ‘S £T suraroad ‘3 g'¢ sayerpAyoqied ‘3 11 3ef P2 3% 54
dno 3 1°0 31es 3 /6 surejoad ‘S g'¢ sorerpAyoqred ‘3 ¢ 1ej 999D pand Jej-[[nJ bd drqnday
Yooz
dno 3 1°0 31es “3 g'g surejoad ‘S g'¢ soreapAyoqred ‘S / 1e] Pand snomwIep eq
dno 3 60 "0 31es ‘3 8'6 surejoad ‘S g'¢ soyerpAyoqred ‘3 g'¢ yey 999D pand Jej-TWos 79
soIn3nd AIrep 91T ‘98¢ ISed I8 J933ew AIp Ul Jef
yeurel 1o ‘08¢ "uTur 1a33ewr AI1p “3 80 "0 Ires ‘S g'¢1 suraoad ‘3 g-¢ sayerpAyoqied ‘3 11 1eJ P23t 1d
98¢ 1SBS] Je J93jeW AIp UI Jej
peure 110y ‘08¢ “uTW 1933eW AIp 3 £0 "0 I[es ‘3 4T surajoad ‘3 g°¢ sajerpAyoqaed ‘S €1 1e] P 3%y v
9%GT 03 %G WIOIJ I91JBW AIP UT JUIIUOD JBJ ‘S2INIMD AIrep ,
Beq ST pawrwunys pastnaised ‘S 70 31es ‘S 61 surazoad ‘3 g1 sorerpAyoqred ‘3 g'¢ yey Adumy Apysys ‘pmd 5V
d
oyoed wnnoea %ET "I 1onew A1p amo U:MM\/MM
P ‘3 06°0 Ires ‘S 81 sureyoad ‘3 g'f sejerpAyoqred ‘3 1°9 1ef P v TeACTS
payoed wnnoea 3 06 "0 Ies S 8T suraoad ‘S g'F sajerpAyoqied ‘S 0°G ey payoed wmnoea pand ey
dno 3 01°0 3res S 6 surxazoad ‘3 o' sereIpAyoqIed ‘3 06 €] pand priw jej v
dno 3 800 3res S 1 surejoad ‘S ¢y soreapAyoqred ‘S /T 1ef pmo Adumy auy v
urgrio jo
Surdeyorg [;-(8 00T)-3] on[ea [euonIHINN pand Jo ad4T, Anunos

Iajornuews a3 Aq paygroads sajdures a3 jo uonisodwod [euontimu pue adAT, 'z 9[qeL


https://cjfs.agriculturejournals.cz/

Original Paper

Czech Journal of Food Sciences, 42, 2024 (5): 317-329

Table 2. To be continued
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Country
of origin

Packaging

Nutritional value [g-(100 g)™']

Type of curd

bag

fat content in dry matter at least 25%

fat 7.0 g, carbohydrates 3.7 g, proteins 16.2 g, salt 0.13 g,

semi-fat lumpy curd cheese

D1

bag

fat 3.5 g, carbohydrates 2.7 g, proteins 16.5 g, salt 0.1 g,

low-fat lumpy curd cheese

D2

cup

fat 6.5 g, carbohydrates 3.6 g, proteins 14 g, salt 0.10 g,

semi-fat curd cheese

D3

Hungary

bag

fat 6.5 g, carbohydrates 3.5 g, proteins 16 g, salt 0.1 g,

semi-fat lumpy curd cheese

D4
D5

D6

bag

fat 6.5 g, carbohydrates 3.5 g, proteins 16 g, salt 0.1 g

semi-fat lumpy curd cheese

fat 7 g, carbohydrates 3.7 g, proteins 16.2 g, salt 0.13 g foil laminate

curd cheese semi-fat

bag
PET tray

fat 5 g, carbohydrates 1.8 g, proteins 16.2 g, salt 0.1 g

curd

El

fat 5 g, carbohydrates 1.8 g, proteins 16.2 g, salt 0.1 g

organic curd

E2

bag

curd

Ukraine

fat 5 g, carbohydrates 1.8 g, proteins 16.2 g, salt 0.1 g

cup

fat 0.2 g, carbohydrates 1.8 g, proteins 18 g

low-fat curd

E4

fat 9 g, carbohydrates 0.1 g, proteins 16.7 g

curd

E5

cup

https://doi.org/10.17221/51/2024-CJES

All samples were purchased within two months
(October—November 2023) and transported without
damage in a car refrigerator (Dometic-WAECO, Czech
Republic) at a temperature of 5 °C to the Department
of Hygiene, Technology and Food Safety of the Univer-
sity of Veterinary Medicine and Pharmacy in Kosice
(Slovak Republic) where they were subsequently ana-
lysed. All analysed samples were not taken as part of of-
ficial control, they were not analysed as official samples.
They were stored at a temperature of 4 + 2 °C until the
end of the consumption indicated on the package.

Only five samples had shelf life indicated on the
packaging (B1 — 8 days; B3 — 27 days; C3 — 21 days;
E2 — 14 days; E3 — 30 days). The other samples had a stat-
ed shelf life as 'use by the date indicated on the package'.

In particular, to minimise sensory variability, samples
were purchased with approximately the same shelf life.

The samples were analysed in two stages, i.e. on the
day of their purchase, or on the day of their im-
port (FD - first day; FDA1-FDA6; FDB1-FDB6;
FDC1-FDC6; FDD1-FDD6; FDE1-FDE5) and af-
ter opening on the last day of the warranty pe-
riod (LD - last day; LDA1-LDA6; LDB1-LDB6;
LDC1-LDC6; LDD1-LDD6; LDE1-LDES5), n = 29/29.

Sensory analysis. We used the profile method (so-
called sensory profile) and scoring system (5-point
test) to assess the organoleptic properties and quality
of samples from various stores (Table 3).

The analysis of the sensory profile of the select-
ed samples was carried out using a trained pan-
el. Panel of assessors were selected and trained
according to ISO standards [International Standard
ISO 8586-1:1993 (E), Sensory Analysis — Methodolo-
gy — General Guidance for the Selection, Training and
Monitoring of Assessors]. Twelve panelists (n = 12)
were selected from twenty five healthy panelists
among students, faculty members, and graduate stu-
dents. They received training in evaluating the qual-
ity characteristics and attributes of curds in a sensory
laboratory established in accordance with ISO stand-
ards [International Standard ISO 8589:1988 (E), Sen-
sory Analysis — General Guidance for the Design
of Test Rooms] at the Institute of Postgraduate Edu-
cation of Veterinary Medicine in KoSice. After panel
training, the curd samples were served in random or-
der to each panelist. Curd samples were freshly pre-
pared and kept in a refrigerator until serving (Lawless
and Heymann 2010; Malovd 2016; Stone et al. 2020).
Samples were served at 18 °C (temperature of con-
sumption 20 * 2 °C). Mineral water was provided for
mouth-rinsing.
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Table 3. Scores of curd in a 5-point scale

Quality parameter

Scores
appearance and colour texture flavour and aroma
white to slightly creamy colour; homogeneous, compact, pure, mild, aromatic,
5 — very good . . 1
homogeneous with no lumps slightly acidic
4 - good white to slightly creamy colour; homogeneous, loose, acidic, acceptable,

non—homogeneous

white to slightly creamy colour;

3 — satisfactor
Y non-homogeneous

excessively yellow colour

2 - unsatisfactory of the entire mass

non-homogeneous colour,

1 — unacceptable
grey tone

finely grained, acceptable lumps

lumpy, slightly crumbly,

slimy, crumbly, grainy, rubbery

slightly unclear after taste

excessively sour,

slightly hard foul aftertaste

vinegar-acidic, stinging,

crumbly, slightly slimy irritating, slightly moldy

bitter, flavourless, bland,
yeast-like, musty, moldy

We performed a sensory analysis of the product
at the beginning of the shelf life and on the last day
of the shelf life, when we focused not only on the eval-
uation of the sensory signs of quality, but also on the
identification of possible organoleptic changes (chang-
es in taste, smell, colour and consistency), which are the
first indicator of a deteriorated quality of the product.

For the analysis of the quality assessment of indi-
vidual samples, we chose the profile test method us-
ing an intensity scale from 1-6 (0 — not perceptible,
1 — very weakly perceptible, 2 — weakly percepti-
ble, 3 — perceptible, 4 — clearly perceptible, 5 — strongly
perceptible, 6 — very strongly perceptible). This test
places emphasis, above all, on those properties that the
consumer perceives the most — taste, aroma, appear-
ance and consistency. Each product reviewed was eval-
uated anonymously.

Colour was analysed with a Minolta Chroma meter
CR-410 (Minolta, Japan) using International Com-
mission on Illumination values using SpectraMag-
ic NX colour data software (version CM-S100w). Three
colour parameters L* (lightness), a* (green-red) value,
and b* (blue-yellow value) were determined for all
samples. Colour measurements were determined ac-
cording to the CIE L*a*b* colour system (Commision
Internationale de l'eclairage) (Kul et al. 2021).

Physicochemical analysis. Samples were ana-
lysed for: fat, pH, acidity, dry matter, salt content,
and water activity (aw). The fat content of curd was
determined by Gerber's method. The pH of disper-
sion was measured potentiometrically using a digital
inoLab® pH 340i meter (Wissenschaftlich-Technische
Werkstétten, Germany) (International Dairy Federation
Standard No. 115A, Determination of pH). The Soxhlet-
Henkel method [*SH-(100 mL)~}, °SH — Soxhlet-Hen-

kel degree] was used for analyses of acidity detection
(Parvin 2008). Dry matter content was determined us-
ing a standard moisture analyser (RADWAG MA.R;
Radwag Wagi Elektroniczne, Poland) using internation-
al standard methods [International Dairy Federation
Standard No. 4A, Determination of the Dry Matter
(Cheese and Processed Cheese)]. The salt content was
detected by Mohr method. The water activity (aw)
of curd was determined by using the Novasina Lab-
Master-aw device (Novasina AG, Switzerland) regularly
calibrated (Mercan et al. 2018). Salt-T relative humid-
ity standards (Novasina AG, Switzerland) were used for
calibration. Six measurements of physicochemical pa-
rameters were performed for each sample and the ob-
tained results were subsequently statistically evaluated.

Microbial analysis. From all tested samples, basic
suspensions and final dilutions were prepared accord-
ing to ISO 6887-5. In addition to the physicochemical
analysis, a microbiological analysis was also performed
obtained curd samples. From a microbiological point
of view, we determined the numbers of microscopic
filamentous fungi and yeasts on dichloran Rose Ben-
gal chloramphenicol (DRBC) agar (Hi Media, India)
at a temperature of 25 °C for 5 days. Preparation of test
samples, initial suspension and decimal dilutions were
prepared according to STN EN ISO 6887-5 (2011) (Ru-
dolf and Scherer 2001).

Statistical analysis. In the statistical evaluation,
we compared the differences in the quality of curd
from several countries. We compared the influence
of curd quality during storage, i.e. quality after produc-
tion and quality within the warranty period ending.

Statistical evaluation the results were evaluated using
Microsoft Excel (version 16.0). Basic statistical charac-
teristics, such as mean, and standard deviation, were
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calculated for numerical data. Statistical analysis was
performed by two-way analysis of variance — Two-Way
ANOVA and Tukey's test for multiple comparisons
of means with a confidence interval set at 95% were
performed using GraphPad Prism statistical software
(version 8.3.0.538).

RESULTS AND DISCUSSION

Results of sensory analysis. Qualitative features
(appearance, consistency, colour, taste, smell, aroma)
during sensory analysis showed changes in several ex-
amined samples after opening. In the group of samples
analysed on the first day (FD), we recorded organolep-
tic changes after opening in three samples (10.34%),
on the last day (LD) of shelf life, mold was visible
in only five samples (17.24%).

During storage at optimal temperatures, 80% of the
samples retained the desired sensory properties through-
out. In samples A2, B2, C4, D3, D4, E2, E5, a small
amount of released whey was present already in the
group of LD samples, while the manufacturers stated
that the released whey on the surface of the product
is natural and does not cause a deterioration in the qual-
ity of the product. In the other samples (FD), the consist-
ency was lumpy with no visible presence of whey.

Ponomareva et al. (2021) states that the consistency
of curds made in the continuous method is floury, and

30 1
25 A

20 A

15

5-point scale

10

https://doi.org/10.17221/51/2024-CJES

the curds made in the classic way are lumpy. In their
work, Dudrikovd and Pazakova (2017) consider the
most common sensory deviations of curd to be non-
homogeneous appearance, surface contamination
of the contents with mold and yeast growth, spotted,
marble-like colour, or greenish deposits due to mold
growth. The change in taste and smell to musty, sour,
bitter or yeasty is explained by contamination with mi-
cromycetes or other microorganisms. We found the de-
scribed deviations in several analysed samples of curd.
The results of the point evaluation are shown in Fig-
ure 1. As the best sample of curd, the evaluators eval-
uated sample A4 (soft curd from Slovakia), which
received the highest rating of 25FD/25LD points. Sam-
ple E2 obtained 17FD/16LD points in the point test.
Significant differences in consistency (P < 0.05) were
found between the model samples of curd after sensory
evaluation. The surface of the A4 sample was smooth,
shiny, milky in colour, the consistency was homogene-
ous and lumpy. Differences in total porosity were noted
between curds examined on the first and last day, stor-
age reduced porosity and changed (reduced) grain size.
The taste of the sample was pleasantly sour, without
foreign odours. Sample E2 was lumpy and slightly hard,
slimy and rubbery at the same time (Figure 2).
The taste of curds does not differ that much depend-
ing on the type and country of origin. All curds were
made in a standard way (heating milk, adding culture,

Al A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 B6 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 E1 E2 E3 E4 E5

SR cz

H FD

PL HU UA

Samples

u LD

Figure 1. The results of the sensory evaluation of curd samples using a 5-point test for the observed parameters

A1-A6 - six samples from Slovak Republic (SR); B1-B6 — six samples from Czech Republic (CZ); C1-C6 — six samples
from Poland (PL); D1-D6 —six samples from Hungary (HU); E1-E5 — five samples from Ukraine (UA); FD - first day;

LD - last day

322


https://cjfs.agriculturejournals.cz/

Czech Journal of Food Sciences, 42, 2024 (5): 317-329 Original Paper
https://doi.org/10.17221/51/2024-CJEFS

(A) (B)

homogeneous,
compact slightly sour
6 6
rubber 4 fine grain without taste 4 sour
slightly slimy lumpy, slightly hard suffers excessively acidic
dry, crumbly large lumps, hard slightly mouldy vinegar-sour

=== A4 (the best rated sample)
e E2 (the worst rated sample)

Figure 2. Comparison of the sensory profile for the evaluated characteristic (A) consistency and (B) taste of the best

and worst rated sample

curdling milk, forming curds, cutting and mixing,
draining, cooling, and packaging). One of the pos-
sibilities to develop a different taste of different types
of cottage cheese is specific production, e.g. produc-
tion in kasilon bags.

There was a significant difference in colour between
the samples (A1-E5) (P < 0.05). Their colour ranged
from white, milky to yellow, and changed slightly after
storage. Figure 3 shows the differences in colour and
consistency for eight random samples.

The results of the average values of the colourimet-
ric measurement are shown in Table 4. The colouri-
metric measurement confirmed the lightest colour

in sample E4 (L* = 92.87) from Ukraine, which showed
the lowest fat content, and the darkest sample was
sample C3 (L* = 88.62), thus confirming that the fat
content has a significant effect on the taste and col-
our of the product. Regarding the b* value, signifi-
cant differences in saturation values between storages
were noted.

Chudy et al. (2020) in their study present the theory
of colour evaluation in the CIE L*a*b* space and give
examples of studies on the colour of dairy products.

Results of physicochemical analysis. The mini-
mum value of dry matter content was found in sample
LDE4 (15.77 + 2.59%) and the maximum value in sam-

Figure 3. Differences in colour and consistency in random eight samples

323


https://cjfs.agriculturejournals.cz/

Original Paper

Czech Journal of Food Sciences, 42, 2024 (5): 317-329

Table 4. Colourimetric colour measurement results

https://doi.org/10.17221/51/2024-CJES

Colourimetry L* (D65) a* (D65) b* (D65)
Maximum value 92.87 -2.61 17.59
Minimum value 88.62 —-0.94 9.35
Average = SD 90.27 + 1.94 -1.59+0.83 12.09 £ 0.21

SD - standard deviation; L* — lightness; a* — green-red value; b*— blue-yellow value

ple LDC3 (35.82 + 4.28%). An experiment in sheep
curds (Picon et al. 2013) showed significantly lower
values of dry matter content on the 15% day of storage
of vacuum-packed samples in plastic bags. Although
the microstructural and colour differences between the
curds subsided with ripening, the textural differenc-
es remained.

Towards the end of the use-by date, the dry matter
values slightly decreased (Table 5). However, in six
samples (FDB3, LDB3; FDC5, LDC5; FDE1, LDE1),
sublimit values were detected, as indicated by the man-
ufacturer on the packaging (10.34%).

The lowest fat content was detected in sam-
ple E4 (0.1%), which was soft defatted curd pro-
duced in Ukraine and the highest fat content
in sample C3 produced in Poland [16.50 g(100 g)~'].
Statistical significance was demonstrated between the
first day of purchase and the expiration date in the dry
matter content (P < 0.05) and between the fat content
in the dry matter (P < 0.05).

The highest salt content was in sample D1 (0.14%)
and C4 (0.24%). The salt content of the other samples
varied within the range of 0.08—0.24%.

The highest pH value was determined for sam-
ple Al (FD 4.85). Titration acidity exceeded the stand-
ard range in sample B2 (FD 172 °SH; LD 192 °SH) and
sample B4 (FD 162 °SH; LD 167 °SH). According to By-
lund (2015), the typical range is 85—-100 °SH, and for

edible curd, it is 120-160 °SH (Némeckova et al. 2018).
The pH and total titratable acidity (7TA) results show
that curd becomes more acidic during storage. Spe-
cifically, the Slovak samples are slightly more acidic
than average, indicating a more intensive fermentation
process or the use of cultures that produce more ac-
ids, affecting taste and shelf life. The P-value (P < 0.05)
indicates statistically significant changes in acidity pa-
rameters, indicating variability between samples dur-
ing storage (Table 6).

The P-value indicates that pH changes are not statis-
tically significant between the first and last day, but are
significant between different samples. The relatively
consistent pH and TTA values of the Polish samples
suggest a standardised production process resulting
in stable product properties. These samples were less
acidic, which may be preferred in local recipes. Hun-
garian samples also had lower titratable acidity, con-
tributing to a milder taste. High fat values in some
Czech samples can be balanced by lower acidity, creat-
ing a creamier texture and milder flavour.

For samples with pH > 4.7, curds were soft, where-
as lower pH values resulted in a granular structure.
Brighenti et al. (2020) notes that during curd pro-
duction, pH changes affect the resulting consistency.
Sofkova (2001) attributes changes in titration acid-
ity and sensory deviations to the technological process
and storage conditions.

Table 5. Resulting values of dry matter content, fat and fat in dry matter in curd samples

Physical parameters (%)

Sample

1-29 Dr”_‘;’]"‘)tter Dr’i“ﬁf‘)tter FDM-FD FDM-LD Fat—FD Fat—LD Salt—FD  Salt— LD
Average  24.18 + 4.43 2359 £ 4.72 11.10 + 11.36 10.60 £ 10.92 3.20 +3.74 3.20 +3.69 0.22+021 0.17 +0.17
Maximum 56 40 35.82 46.10 45.20 16.50 16.50 0.24 0.23
value

Minimum 5 59 15.77 0.60 0.50 0.10 0.10 0.08 0.08
value

P-value < 0.05 (0.002) < 0.05 (0.03) > 0.05 (0.49) > 0.05 (0.32)

FD - first day; LD — last day; FDM - fat in dry matter
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Table 6. Resulting values of active and titratable acidity in curd samples

Sample Physical parameters

1-29 pH-FD pH-L1LD TTA - FD (°SH) TTA - LD (°SH)
Average 4.60 + 0.10 4.55 + 0.14 72.50 + 8.74 75.35 £ 9.80
Maximum value 4.85 4.75 172.00 192.00
Minimum value 4.40 4.30 60.00 58.50
P-value > 0.05 (0.09) < 0.05 (0.04)

FD - first day; LD — last day; TTA - total titratable acidity

We also assessed the overall quality of the quality
of curds from the point of view of the country of origin
where the sample was produced (Figure 4). Evaluating
the overall quality based on the country of origin does
not imply that it is the sole quality factor. Other factors
such as recipes and production processes also impact
curd quality. Our aim was to provide a comprehensive
view of the product quality from different countries
and identify possible differences.

In the samples, we see a high variability in the con-
tent of dry matter and fat in dry matter, which points
to differences in production methods and used raw
materials between countries.

We see high variability in the dry matter and fat con-
tent of the samples. High fat values > 10 g in some sam-

ples (A6, B1, B5, C3) can be balanced by lower acidity,
which creates a creamier texture and a milder taste.

These results provide a comprehensive view of the
quality of curds from different countries and show
how different production processes and raw materials
affect the physical properties and chemical composi-
tion of curds.

Average salt values are low, which is typical for curds
(0.22 + 0.21). The low variability between the minimum
and maximum values indicates that the salt content
is relatively consistent.

Since we assessed and compared the overall quality
of the samples based on the domestic criteria of the
Slovak Republic, we note that very similar results were
recorded for products of Czech production. Polish
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D3 D4 D5 D6 E1 E2 E3 E4 E5

PL HU UA

Samples
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Figure 4. Overall evaluation of samples within the country of origin

A1-A6 - six samples from Slovak Republic (SR); B1-B6 — six samples from Czech Republic (CZ); C1-C6 — six samples
from Poland (PL); D1-D6 —six samples from Hungary (HU); E1-E5 — five samples from Ukraine (UA); FD — first day;

LD - last day; FDM - fat in dry matter
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products showed identical results to Hungarian re-
sults. Since each country may have a slightly different
recipe, sensory and the physico-chemical differences
of the samples cannot be considered unsatisfactory.
Samples from Ukraine showed the largest devia-
tions in the determined parameters compared to Slo-
vak products.

The EU has some of the strictest food quality stand-
ards and regulations in the world, which apply across
the Union. In 2021, the European Commission's re-
search centre (Joint Research Centre 2021) published
the results of a study in which it confirmed the differ-
ences in food products across the EU, but it was not
confirmed at all that poorer quality food arrives in Cen-
tral and Eastern Europe than in the countries of West-
ern Europe. Although the study found that there are
differences in a third of the products, the connection
with the point of sale was not established.

Results of microbial analysis. Water activity ranged
from 0.942-0.970. For most common microorganisms,
the minimum water activity required for growth is ap-
proximately 0.80. This means that at aw lower than 0.80,
the growth of microorganisms is very limited or com-
pletely stopped (Gutiérrez-Lopez et al. 2015). Results
of water activity detection for the monitored period
showed no significant change (P > 0.05). In Figure 5,
increased aw was in first day in two samples (FDA3,

0.98 -
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0.96 A

0.95 1

aw

0.94 1

0.93 A
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FDD6; 6.89%), on the last day of shelf life was present
in up to 24.13% of the samples (LDA3, LDC5, LDD1,
LDD4, LDD6, LDE3, LDE4).

From a microbiological point of view, we focused
on the occurrence of micromycetes. Thanks to their
ability to survive even in unfavourable conditions of low
temperatures, we consider micromycetes as indica-
tor microorganisms of contamination in dairy prod-
ucts. Micromycetes like the acidic environment that
all the examined samples provided them. The highest
abundance of micromycetes is found in the substrate
at aw = 0.99 (Hines et al. 2000). Donkor et al. (2017)
report that Asperillus flavus grows from aw = 0.73. Ac-
cording to Ushkalov et al. (2020), the minimum aw re-
quired for the growth of micromycetes is 0.78 and the
optimal aw is 0.95.

We identified the growth of micromycetes in some
samples of curd already on the 1* day of purchase (Fig-
ure 6). We noted a visible growth of molds in three
samples (FDA1, FDC4, FDD3-10.34%) on the 1* day
of purchase of the change after opening the curd
(3.90 + 0.49 log CFU-g™}; CFU - colony forming unit),
on the last day of the expiration shelflife, mold was pre-
sent in up to 17.24% of samples (LDA1, LDB2, LDC4,
LDD4, LDD6; 2.80-3.80 log + 0.50 CFU-g™%). During
the guarantee period, the growth of micromycetes
in curds was statistically significant (P < 0.05).

0.92 T T

Al A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 B6 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 E1 E2 E3 E4 E5

SR CcZ

e g1y — FD

Figure 5. Changes in water activity depending on shelf life

PL HU UA

Samples

e g — LD

A1-A6 — six samples from Slovak Republic (SR); B1-B6 — six samples from Czech Republic (CZ); C1-C6 — six samples
from Poland (PL); D1-D6 —six samples from Hungary (HU); E1-E5 — five samples from Ukraine (UA); aw — water activ-

ity; FD — first day; LD — last day
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Figure 6. Occurrence of micromycetes in all samples during the observed period

A1-A6 - six samples from Slovak Republic (SR); B1-B6 — six samples from Czech Republic (CZ); C1-C6 — six samples
from Poland (PL); D1-D6 —six samples from Hungary (HU); E1-E5 — five samples from Ukraine (UA); CFU — colony

forming unit; FD — first day; LD - last day

After storage of the samples under optimal condi-
tions, the number of micromycete CFUs decreased
towards the expiration date in twenty-two sam-
ple samples (75%). The most pronounced decrease
in the growth of micromycetes was in sample D2 and
E2 (2.46 log CFU-g™!). Through microscopic observa-
tion, we identified the growth of the genera Aspergillus
and Penicillium in the samples.

CONCLUSION

The use-by date refers to foods that are subject to rap-
id spoilage from a microbiological point of view, and
therefore consumption after this date can pose a serious
threat to the health of the consumer. Before the analyses,
we expected that the food would not be subject to mi-
crobial spoilage, nor to physical or chemical changes
that would result in deterioration of sensory properties.

When evaluating the overall quality of the obtained
curd samples, we were based on the requirements
of valid European and Slovak legislation. Although cot-
tage cheese is one of Slovakia's traditional cheese spe-
cialities and still has its place on the market, the Slovak
consumer increasingly encounters various types of cot-
tage cheese from foreign producers as well.

Through sensory analysis, we evaluated the indica-
tors perceived and analysed by ordinary consumers
during consumption and on the basis of which they
evaluate the quality of the purchased products. Since
we should not take into account only their taste prop-

erties or their digestibility, we also based the quality
assessment on the results of physico-chemical and mi-
crobiological analyses.

We used colour analysis to monitor changes and
to determine correlations between sensory evaluation
and colour during storage. Some samples were stored
for 8 days, others for 14, 21 to 30 days. Because we be-
lieve that colour affects human senses and is important
to consumers. The differences in colour (white, cream,
yellow, gray) were influenced by the fat content, the
presence of salt, milk cultures, the type of packaging,
the length of storage and, last but not least, the produc-
tion process.

Although no differences were noted in total poros-
ity between cheeses examined on the first and last day,
storage decreased porosity and changed (reduced)
grain size. The use-by date affected the formation of ir-
regular cavities. Microstructural differences between
the samples decreased with aging, they were not ob-
served for samples with a 30-day warranty period.

From the analysed samples, we evaluated two sam-
ples Al and B2 (6.8%) as unsatisfactory in terms of dry
matter and fat content, which did not reach the mini-
mum amount of dry matter set by legislation and the
deviation was higher than 2%. From a microbiological
point of view, 10.34% were unsatisfactory on the first
day and 17.24 on the last day of consumption.

Based on the comparison of microbiological exami-
nation results, we assess the beneficial effect of storage
under optimal conditions to limit the growth of un-
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wanted micromycetes, which preserves the quality and
safety of the products during their shelf life and imme-
diately after its end.

However, it is necessary to focus on prevention, com-
pliance with the principles of proper hygiene and the
principles of risk analysis and critical control points.
Last but not least, it is important not to underestimate
the storage conditions of dairy products. Currently,
itis very difficult to impossible to trace the origin of the
raw material and the method of production.

The findings showed that the differences in the
taste and appearance of the curds were striking and
the observed differences are not related to geography.
The country of origin cannot be cited as a reason for
differences between foods. The results showed that not
all samples met the quality parameters established for
Slovak products, which distinguished them by precise-
ly defined requirements for their raw material compo-
sition and technological production process. However,
this does not mean a deterioration in the quality of for-
eign products, only possible differences in the recipe
and processing.
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