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ABSTRACT

The production of craft goat cheeses is becoming increasingly widespread worldwide and in Ukraine's domestic
market. A distinctive feature of such hard goat cheeses is their production from unpasteurised milk, which
imparts a unique combination of flavour, aroma, and beneficial microflora. In addition, goat milk cheeses are
a source of nutritional and biologically active compounds, including macro- and microelements, as well as
potentially toxic contaminants, including heavy metals. This involves controlling their accumulation during the
ripening process and assessing quality and safety. The study employed craft hard goat cheeses, namely Alpine
and Yoghurt varieties, made from unpasteurised goat milk, which ripen with the involvement of Acarus siro
mites for 12 and 18 months, respectively. Optical emission spectrometry was used to study the mineral
composition of cheeses. During ripening, an increase in the content of macroelements (Ca, P, Na, K, Mg) and
microelements (Zn, Fe, Mn, Cu, Mo, Co) was detected in Alpine and Yoghurt cheeses. In terms of the level of
accumulation in Alpine and Yoghurt cheeses, the series of macroelements took the following form: Ca > P >
Na > K > Mg, and microelements, respectively: Zn > Fe > Mn = Cu > Mo > Co > Se. In addition to essential
elements, during the ripening process of Alpine and Yoghurt cheeses, heavy metals accumulated in the
following order: Al > Pb = Ni > Cr > Cd > Hg > As/Sb, but their content did not exceed the permissible
regulatory values. Research results indicate that hard craft goat cheeses, Alpine and Yoghurt, are a safe source
of essential elements for the human body, and their mineral composition can serve as a component of
geographical and ecological criteria for craft production.
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INTRODUCTION

Milk and dairy products have been, are, and will remain an important source of beneficial microflora [1], [2],
as well as proteins, lipids, fatty acids, vitamins, and mineral compounds for humans throughout their entire
lifespan [3], [4], [S]. They are a source of iron, calcium, zinc, copper, and other elements that function as cofactors
in metabolic processes, and in optimal quantities, they are physiologically essential for both animals and humans
[6]. Cheese is able to provide the human body with calcium by 58%, phosphorus by 32%, zinc by 23%, potassium
and sodium by 17% and magnesium by 15% [7], [8].

Given the significant proportion of mineral components in dairy products, including cheeses, it is essential to
monitor their content at different stages of ripening. In addition, the presence of available minerals in dairy
products, in particular, in cheeses, contributes to improving the health of the population by preventing mineral
metabolism disorders, improving the intestines, preventing the development of urolithiasis and gallstone disease
and cardiovascular diseases [9].
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In addition to beneficial mineral compounds, including macro- and microelements, hard cheeses can
accumulate heavy metals such as lead, cadmium, nickel, antimony, chromium, mercury, and arsenic. The
biological role of these elements has not been proven, and their potential to harm human health has been identified
even at trace levels [10], [11]. As a rule, the content of heavy metals in milk is minimal, but during the production
of hard cheeses, conditions arise when they can concentrate in the dry matter. Therefore, there is a need to control
them at various stages of cheese ripening to ensure their safety [12]. It is believed that the mineral content serves
as a criterion for soil, water, and feed contamination and as an indicator of the geographical location of areas for
milk and cheese production [13].

Most hard cheeses produced using industrial technologies are monitored for the content of essential minerals
and certain heavy metals; however, in craft production, where goat milk is used as a raw material, this issue has
been little studied.

Given that the production of hard-craft goat cheeses is becoming increasingly popular in domestic and global
markets, there is a need to develop criteria for authenticity and to determine quality and safety indicators [14].
This is also facilitated by the expansion of the range of goat cheeses made from unpasteurised milk, which, on the
one hand, promotes producers' own craft products and, on the other hand, increases consumer demand for refined
cheeses. Hard goat cheeses are especially valued for their high protein, trace element, and biologically active
substance content, as well as their hypoallergenic properties [15].

Determining the authenticity of cheeses made from the milk of small ruminants is a pressing issue addressed
by leading scientists [16], as it is associated with their original recipes and manufacturing technologies, as well
as their unique taste, aroma, and chemical composition [17]. Determining the content of macro-, microelements,
and heavy metals is a necessary condition for assessing the quality and safety of craft goat hard cheeses, taking
into account their ripening period. There are few such studies in the literature, and they do not reveal features of
the accumulation of mineral components in hard cheeses made from unpasteurised goat milk during ripening, nor
address issues of their quality and safety.

Scientific Hypothesis

Hypothesis 1: The duration of ripening significantly influences the concentration, distribution, and ratios of
essential macroelements, microelements, and selected heavy metals in craft hard goat cheeses (Alpine and
Yoghurt) produced from unpasteurised goat milk.

Hypothesis 2: Changes in the mineral composition of craft hard goat cheeses during ripening can be used to
evaluate their nutritional value and safety and to identify characteristic mineral profiles that may serve as
indicators of product authenticity related to production conditions.

Objectives

Main objectives: to determine the influence of ripening time on the mineral composition of hard craft goat
cheeses, Alpine and Yoghurt. To determine the intensity of accumulation of essential elements and heavy metals
in hard goat cheeses. Auxiliary tasks: to assess the biological value and safety of hard craft goat cheeses.

MATERIALS AND METHODS
Samples

Samples description: For the research, average samples of hard craft goat cheeses from Alpine and
Yoghurt were used. After the production of both cheese types, the batch was divided into three sub-batches, from
which composite samples were taken in triplicate over the ripening period.

Sample collection: For the study, five cheese wheels of each cheese type were randomly selected, with
ripening period taken into account.

Samples preparation. Samples of Alpine cheese were analysed on the 7th day, the 6th month, and the 12th
month of ripening, while Yogurt cheese samples were analysed on the 7th day, the 6th month, and the 18th month
of ripening. For each cheese type, composite samples were prepared from five cheese wheels, each weighing 200
g. The collection of composite cheese samples was performed by vertically sectioning each wheel, allowing
consideration of mineral content from both the upper and lower rind surfaces and the core. Chemically clean and
sterile instruments were employed for sample collection. The cheese samples were packaged and transported to
the analytical laboratory in vacuum-sealed bags under refrigerated conditions. Homogenisation of the samples
was conducted under controlled laboratory conditions.

Number of samples analyzed: In total, 15 units of Alpine cheese and 15 wheels of Yoghurt cheese were
used in the experiment. The comparison of macro- and microelements as well as heavy metal content was carried
out on five samples, each analysed in triplicate, for each cheese variety at every ripening stage (2 cheese types x
3 ripening stages x 5 biological replicates X triplicate measurements).

Chemicals
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For the analyses, certified multi-element and single-element standard solutions for atomic emission
spectrometry, produced by Merck (Germany) and certified for ion content, were employed. These were diluted to
obtain concentrations of the same order of magnitude as the upper limits of the element content range. Cheese
samples weighing 0.3—0.5 g were treated with 6 cm® of concentrated nitric acid (HNOs), Merck, Germany) and 3
cm?® of deionised water (serving as a reagent blank). The resulting mixture was then filtered to a final volume of
50 cm? using Sartorius filters (France). For quality control, the certified reference material (ERM CA 011c) was
used. To monitor sensitivity fluctuations in ICP-OES analysis, an internal standard solution of indium at 20 pg/L
(ROTI®STAR) was used. Standard solutions were diluted with 2% nitric acid. All reagents used in the study were
of analytical grade.

Animals, Plants and Biological Materials

Alpine cheese and Yoghurt cheese (Eco Farm "Zhuravka" Kyiv region, Ukraine), cheese starters Alp D
(Danisco France SAS, France), TOM V-02 (IGEA Cultures, Italy), YF-L 812 (Chr. Hansen, Denmark), liquid
rennet enzyme Rennet Liquid 92/8 (Pamir Service, Kyiv, Ukraine).

For both cheese varieties, goat milk was obtained from a single farm and herd.
Instruments

The sample preparation was carried out using a closed-type mineraliser (Microwave Laboratory Systems,
Milestone, Italy). The content of calcium, phosphorus, sodium, potassium, magnesium, copper, zinc, iron,
manganese, molybdenum, cobalt, lead, cadmium, chromium, aluminium, nickel, selenium, antimony, and arsenic
in the samples was studied using an ICP optical emission spectrometer (ICP-OES) PlasmaQuant PQ 9000
Analytik Jena (Germany). The mercury content in the cheeses was determined using a single-beam atomic
absorption spectrophotometer equipped with two consecutive measurement cells. Determination of mercury
content in cheese samples was performed using a mercury analyser, the Milestone DMA-80 (Italy). A refrigerator
and freezer (Liebherr, Switzerland) were used to store the samples.

Laboratory Methods

The study of the content of mineral elements: calcium, phosphorus, sodium, potassium, magnesium, copper,
zinc, iron, manganese, molybdenum, cobalt, lead, cadmium, mercury, chromium, aluminium, nickel, selenium,
antimony, and arsenic in the samples was carried out using optical emission spectrometry according to
PV.DNDILDVSE 7.2-1/1-21 (Determination of micro- and macroelements in food products, feed, premixes,
vitamin supplements for animals and poultry by the optical-emission inductively coupled plasma method). The
analytical signals were processed automatically using the spectrometer's software, employing calibration curves
that accounted for background correction and, when necessary, the inter-elemental interference.

Measurement parameters: For ICP-OES analysis, the following plasma parameters were applied:
wavelength range 160-900 nm, wavelength accuracy < 0.4 pm (picometer), resolution 1:145000, plasma power
1200 W, and nebuliser gas flow 0.5 L/min, using argon. Auxiliary and nebuliser gas flows were also argon, 12
L/min at 6 bar. The sample introduction system consisted of a concentric nebuliser and a cyclonic spray chamber,
with axial observation mode. The analytical wavelengths for each element and the corresponding limits of
detection are presented in Table 1.,

The integration time was 3 seconds per channel, with 3 replicates (3 measurements) performed for each sample.
Reagent blanks and calibration standards were analysed after every 10 samples.

Mercury content in the cheese samples was determined using atomic absorption spectrophotometry in
accordance with the recommendations of document PV.DNDILDVSE 7.2-1/1-13 (Determination of mercury in
raw materials, animal and plant products, feed, water, biomaterials, alcoholic beverages, and soil by atomic
absorption spectrometry).

During the analysis, the manufacturer's software for the ICP instrument, OES Software Aspect PQ, DMA 80
evo, version 03-E (20221-01-21), was used.

The determination of mercury content in cheeses was carried out using the DMA 80 analyzer; for this purpose,
0.08-0.12 g of cheese was taken. For the study, a calibration standard mercury solution ("Fluka", "Merck"
Germany) with a certified mercury ion content of 1 g/l was used.

The maximum initial temperature was 250 °C, with a cleaning time of 60 seconds. Grubbs’ test was applied
as the criterion for identifying outliers.

To assess the risk of heavy metals to consumers, the estimated daily intake (EDI) of the most hazardous
elements exhibiting heavy metal characteristics was calculated using the following formula [10]:

EDI = Cm x Wf/BW (mg/kg/day),

where Cm — the metal content in cheese, mg/kg (for the calculation, the mineral content in Alpine cheese at
12 months and Yogurt cheese at 18 months of ripening was used);

W{ — the average daily cheese consumption per person (taken as the maximum, 100 g);

BW — the body weight of an adult (70 kg).
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Using EDI, the target hazard quotient (THQ) was calculated using the following formula:

THQ = EDI / RFD,, where

RFD, — the human reference oral dose of each element that indicates a safe limit for health effects.

A THQ value of < 1 is considered to indicate an acceptable level of exposure with minimal risk to human
health, whereas a value > 1 suggests potential adverse effects [18].

Table 1 Wavelengths and detection limits of mineral elements.

Parameter
Element - . .
Wavelength, nm Limit of quantification, ng/kg
Ca 315.887 5.0
P 178.287 3.0
Na 589.592 1.0
K 766.490 5.0
Mg 383.826 5.0
Zn 206.191 5.0
Fe 259.940 5.0
Mn 257.610 2.0
Cu 325.754 2.0
Mo 202.030 0.1
Co 228.616 0.01
Se 196.090 1.0
Al 308.215 2.0
Pb 220.353 1.0
Ni 234.604 1.0
Cr 267.176 0.1
Cd 214.438 0.1
Hg 253.650 0.01
As 193.696 1.0
Sb 206.833 1.0
Table 2 Furnace temperature programme during the analysis.
Position Time Temperature, °C
1 00:00:05 200
2 00:00:10 190
3 00:00:10 650
4 00:01:30 650

Description of the Experiment

Study flow: The experiment utilised two types of hard craft cheeses made from unpasteurised goat's milk.
The wheels of Alpine and Yoghurt cheeses were made with an average weight of 4.5-5.0 kg. Milk from Anglo-
Nubian goats, which graze on natural pastures during the warm season, was used to produce the cheeses. Both
types of cheeses were made according to the recipe described earlier [19] (Figure 1 and Figure 2).
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Figure 1 Alpine cheese aged 12 months.

Figure 2 {{o.gh cheese aged 18 months.

The scheme for sampling the cheeses for analysis is shown in Figure 3.
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Figure 3 Scheme of cheese sampling for mineral composition analysis.
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A limitation of this study is the use of cheeses made on a single farm from the milk of a single herd of Anglo-
Nubian goats.

Quality Assurance

Number of repeated analyses: 5 samples were used in each study.

Number of experiment replication: 1.

Reference materials: -

Calibration: Each instrument was calibrated before each experiment, and calibration checks were performed
regularly to maintain measurement accuracy. Each instrument was calibrated before each experiment, and
calibration checks were performed regularly to maintain measurement accuracy.

Laboratory accreditation: Determination of the content of mineral elements in craft goat cheeses was
performed at the testing centre of the State Research Institute for Laboratory Diagnostics and Veterinary and
Sanitary Expertise, Kyiv, Ukraine, which is accredited by the National Accreditation Agency of Ukraine
according to the requirements of DSTU EN ISO/IEC 17025:2019. The scope of accreditation includes research
into food products, raw materials of animal, plant, and biotechnological origin, feed, feed raw materials, and
vitamin preparations for quality and safety, molecular genetic research — 866 indicators, 219 — sanitary and
hygienic indicators; diagnostics of animal diseases of infectious and non-infectious etiology — 235 diseases using
53 methods.

Data Access

The data supporting the findings of this study are not publicly available.
Statistical Analysis

The statistical analysis of the obtained results was performed using one-way analysis of variance (ANOVA).
The content of macro-, microelements, and heavy metals in hard goat cheeses, Alpine, and Yoghurt, was compared
within each name depending on the ripening period. The analysis was performed using Microsoft Excel 2021 and
XLSTAT. The data in the tables are presented as x + SD (mean + standard deviation). Differences between the
variants were considered significant when P < 0.05, using the Tukey test.

RESULTS AND DISCUSSION

The ripening period contributed to increased concentrations of macro- and microelements in hard goat
cheeses. The calcium content in Alpine cheese increased by 30.85% at the 6th month of ripening, and by 40.44%
at the 12th month compared to the 7-day-old cheese (Table 2). The phosphorus content also depended on the
ripening period of Alpine cheese, increasing by 34.97% at the 6th month of ripening and remaining at this level
until the 12th month. The ratio of calcium to phosphorus at the 7th day of ripening was 1:1.22, at the 6th month
of ripening, 1:1.18, and at the 12th month of ripening, 1:1.26.

The sodium concentration increased by 66.85% in 6-month-old cheese and by 1.9 times in 12-month-old
cheese compared to 7-day-old cheese. The potassium content in Alpine cheese also increased during ripening,
but to a lesser extent than sodium. At the 6th month, the potassium content in Alpine cheese increased by
27.59%, and at the 12th month, by 40.01% compared to the initial value (Table 3). The ratio of sodium to
potassium in Alpine cheese directly depended on its age and was 1:3.02 on the 7th day of ripening, 1:3.94 on
the 6th month of ripening, and 1:4.20 on the 12th month of ripening.

In mature and old-ripened Alpine cheese, the magnesium content among macroelements was the lowest;
however, an increase in its concentration during the ripening process was found within 16.35% compared to
young cheese.

Alpine goat cheese is a source not only of macroelements but also of microelements. This is evidenced by
increases in zinc content during ripening of 37.50-47.50%, iron of 22.07-31.10%, and manganese of 2.06-2.42
times (Table 3).

Among the studied trace elements, zinc had the highest content in Alpine cheese, followed by iron; its
concentration depended directly on the cheese's ripening period and was similar to that of zinc.

The manganese and copper content in young Alpine cheese fluctuated at similar levels, but at 6 months, both
trace elements showed a 2.06-fold increase and a 33.04% increase, respectively. Later, at 12 months of age, the
manganese content in this cheese stabilised, and the copper content increased 2.58-fold compared to the young
cheese.

The molybdenum content in Alpine cheese during the ripening period, from 7 days to 6 months of age,
remained almost unchanged. However, at 12 months of age, a 58.33% increase in its amount was noted.

The concentration of cobalt in Alpine cheese was the lowest among the levels of the studied trace elements
and increased by 2.55-2.81 times in mature and old age compared to young (Table 3). Selenium in Alpine cheese
was negligible, below the device's sensitivity limit.
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Table 3 The content of macro- and microelements depending on the ripening period of hard goat cheese Alpine,
x+SD,n=>5.

Cheese ripening period

Indicator 7 days 6 months 12 months
Macronutrients
Ca, mg/kg 95.71 £5.95° 125.24 £ 16.19° 134.42 +2.65°
P, mg/kg 78.35+5.172 105.75 £2.30° 106.60 = 1.32°
Na, mg/kg 46.36 £6.61° 77.35+4.15° 90.42 £2.33¢
K, mg/kg 1537 +0.41° 19.61 £ 0.69° 21.52 +0.83¢
Mg, mg/kg 6.79+0.17° 7.90 + 0.26° 8.07 + 0.64°
Micronutrients
Zn, mg/kg 0.40 +0.03? 0.55+0.02° 0.59 £0.03°
Fe, ng/kg 4440 £3.51* 54.20 + 8.58° 58.21 +6.98°
Mn, pg/kg 5.37 +£0.34° 11.05 + 1.44° 12.98 £ 1.26°
Cu, ng/kg 4.51 £0.70* 6.00+£0.21° 11.62 +£1.10°
Mo, ng/kg 0.36 +0.04° 0.48 £0.13%® 0.57 £ 0.05°
Co, ng/kg 0.027 £0.010° 0.069 + 0.005° 0.076 + 0.004°
Se, ng/'kg <1.00 <1.00 <1.00

Note: different superscript letters indicate values that were significantly different in the same row of the table (P
< 0.05) according to the results of comparison using the Tukey test.

Among the heavy metals in Alpine cheese, aluminium accounted for the largest share; its content in mature
cheese did not differ significantly, but in old-ripened cheese it exceeded the corresponding indicator in young
cheese by 45.56% (Table 4).

Lead and nickel ranked second in detection in Alpine cheese. As for the concentration of lead, the ripening
period of the cheese had practically no effect on this indicator, while the nickel content increased with increasing
ripening period of the cheese, in particular, by 1.70 times at the 6th month of ripening, and by 2.34 times at the
12th month compared to young cheese.

The chromium content in mature Alpine cheese did not differ from that of young cheese, but increased by
27.87% at 12 months of age.

The contamination of Alpine cheese with cadmium and mercury was in the same range of values, but the
concentration of cadmium, like lead, did not significantly depend on the ripening period, and the concentration of
mercury increased by 2.83—4.33 times compared to young cheese (Table 4). The contamination of Alpine cheese
with arsenic and antimony was not established, as their concentrations were below the device's detection limit.

Table 4 Concentrations of heavy metals depending on the ripening period of hard goat cheese Alpine, x £SD,
n=>3.

Cheese ripening period

Indicator 7 days 6 months 12 months
Al, pg/kg 26.37 +£3.80* 29.36 +£2.96% 38.41 £6.10°
Pb, ng/kg 2.25+£0.09* 2.36 £0.56* 2.52+£0.51°
Ni, ng/kg 1.83 £0.05° 3.11 £0.66° 4.28 £0.72¢
Cr, png/kg 1.22 +£0.08 1.37 £ 0.07® 1.56 +0.16°
Cd, pg/kg 0.16 £0.03? 0.18 £0.01° 0.21 £ 0.02?
Hg, ng/kg 0.06 +£0.01° 0.17 £0.03° 0.26 £ 0.09°
As, ng/'kg <1.00 <1.00 <1.00
Sb, png/kg <1.00 <1.00 <1.00

Note: different superscript letters indicate values that were significantly different in the same row of the table (P
< 0.05) according to the results of comparison using the Tukey test.

The dynamics of the mineral composition of Yoghurt cheese largely depended on the ripening period and were
similar to those of Alpine cheese. This is evidenced by the calcium content, which in Yoghurt cheese increased
in direct proportion to its ripening period: at the 6th month, by 52.29% (P < 0.05), at the 18th month, by 78.29%
(P <0.05) compared to young cheese. A similar pattern was observed for phosphorus, with its level increasing by
21.14% (P < 0.05) in 6-month cheese and by 46.99% (P < 0.05) in 18-month cheese (Table 5). At the same time,
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the ratio of calcium to phosphorus in 7-day cheese was 1:1.01, 6-month cheese - 1:1.27, and 18-month cheese -
1:1.23.

Table 5 The content of macro- and microelements, depending on the ripening period of hard goat cheese Yoghurt,
x+SD,n=>5.

Cheese ripening period

Indicator 7 days 6 months 18 months
Macronutrients
Ca, mg/kg 80.72 £10.932 122.93 + 10.75° 143.92 +£9.94¢
P, mg/kg 79.84 + 8.32° 96.72 +9.05° 117.36 £ 2.55¢
Na, mg/kg 4449 +7.68* 61.85+3.24° 112.78 + 8.98°¢
K, mg/kg 9.56 £0.38* 18.36 £1.07° 2333 £2.51¢
Mg, mg/kg 3.23 £0.66% 6.37+0.39° 7.35+0.86°
Micronutrients
Zn, mg/kg 0.28 +£0.02?2 0.52 +£0.07° 0.55 +0.08°
Fe, ng/kg 31.26 +6.02° 39.92 +3.75° 66.40 + 10.26°
Mn, pg/kg 5.32+0.292 7.62+1.23° 10.47 £ 1.59¢
Cu, pg/kg 3.27 £0.04% 536 +0.39° 15.58 £3.39¢
Mo, ng/kg 0.52 +£0.062 0.72 +£0.14° 0.83 +£0.05°
Co, ng/kg 0.009 £ 0.001° 0.032 + 0.004° 0.044 + 0.003°¢
Se, pg/'kg <1.00 <1.00 <1.00

Note: different superscript letters indicate values that were significantly different in the same row of the table (P
< 0.05) according to the results of comparison using the Tukey test.

The content of such common minerals as sodium and potassium in Yoghurt cheese increased in direct
proportion to the period of its ripening. Thus, at the 6th month of ripening, the sodium content in Yoghurt cheese
increased by 39.02% (P < 0.05), potassium — by 1.92 times (P < 0.05), while at the 18th month of ripening, the
sodium concentration increased by 2.53 times (P < 0.05), and potassium — by 2.44 times (P < 0.05) compared to
the 7-day-old cheese. The ratio of sodium to potassium in young Yoghurt cheese was 1:4.65, mature — 1:3.37, and
old-ripened — 1:4.83.

The magnesium content in Yoghurt cheese also increased with increasing age within 1.97-2.27 times (P <
0.05) compared to young cheese (Table 5).

Among the list of studied microelements in Yoghurt cheese, as in Alpine cheese, zinc was the most significant,
with its content increasing by 1.86—1.96 times (P < 0.05) during the ripening process compared to young cheese.
As for iron, an increase in its content was noted only in old-ripened Yoghurt cheese by 2.12 times (P < 0.05)
compared to young cheese.

Yoghurt cheese during ripening was similar and was characterised by an increase in manganese content of
43.23% (P < 0.05) at the 6th month of ripening, and 1.97 times (P < 0.05) at the 18th month, while the copper
content increased by 1.64 times (P < 0.05) and 4.76 times (P < 0.05), respectively, compared to young cheese.

Yoghurt cheese increased significantly only by the 6th month of ripening, by 38.46% (P < 0.05), and remained
at that level by the 18th month. Cobalt is a trace element that occupies the smallest share in goat cheeses, and its
content gradually increased by the 6th month of ripening by 3.55 times (P < 0.05) and by the 18th month of
ripening by 4.89 times (P < 0.05) compared to the 7-day-old cheese. The selenium content in Yoghurt cheese did
not exceed the device's sensitivity limit and was <1.00 pg/kg.

Among the heavy metals in Yoghurt cheese, aluminium was the main one; its content increased by 1.88 times
(P < 0.05) at 6 months of ripening and by 2.26 times (P < 0.05) at 18 months compared to young cheese. Lead
and nickel ranked second in terms of contamination in Yoghurt cheese. The lead content in this cheese increased
by 33.69% (P < 0.05) only at 18 months of ripening, and the nickel content increased by 2.54 times (P < 0.05) at
6 months of ripening and by 3.47 times (P < 0.05) at 18 months compared to young cheese (Table 6).

As for chromium in Yoghurt cheese, its content also increased by 2.02 times (P < 0.05) at the 6th month of
ripening and by 2.24 times (P < 0.05) at the 18th month of ripening compared to young cheese. However, this
cannot be said of the contamination of Yoghurt cheese with cadmium, the level of which remained practically
unchanged throughout ripening.

The lowest concentration of all the studied heavy metals was in Yoghurt cheese, but its content increased in
mature cheese by 3.25 times (P < 0.05) and in old-ripened cheese by 5.50 times (P < 0.05) compared to young
cheese.
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Table 6 Heavy metal content depending on the ripening period of hard goat cheese Yoghurt, x £ SD, n=>5.
Cheese ripening period

Indicator 7 days 6 months 18 months
Al, png/kg 13.76 £3.21* 25.83 £1.55° 31.18 +3.88°
Pb, ng/kg 1.84 £ 0.36° 2.24+0.18® 2.46 £0.19°
Ni, pg/kg 0.79 +£0.13® 2.01 +£0.39° 2.74 £0.78°
Cr, pg/kg 0.58 +0.15° 1.17 £0.05° 1.30 £ 0.03°
Cd, pg/kg 0.19+0.01° 0.20 +0.03? 0.22 +0.04°
Hg, pg/kg 0.04 +0.01° 0.13 £0.04° 0.22 +0.06¢
As, pg/kg <1.00 <1.00 <1.00
Sb, pg/kg <1.00 <1.00 <1.00

Note: different superscript letters indicate values that were significantly different in the same row of the table (P
< 0.05) according to the results of comparison using the Tukey test.

Among the elements classified as heavy metals are arsenic and antimony, but their concentrations in Yoghurt
cheese were below the device's sensitivity limit and were <1.00 pg/kg.

A comparison of the risk of heavy metal exposure in humans from the consumption of hard goat cheeses,
Alpine and Yogurt, indicated that the estimated daily intake (EDI) of Zn, Fe, Mn, Cu, Mo, Co, Al, Pb, Ni, Cr, Cd,
and Hg ranged from —7.78 to —4.26 Ig mg/kg body weight per day and from —8.44 to —2.43 lg mg/kg/day,
respectively (Table 7).

Table 7 Risk assessment of craft goat cheeses, Alpine and Yogurt, for consumer health.

Parameter

Element  RFD, Alpine cheese Yogurt cheese

EDI, Ig THQ EDI, Ig THQ
Zn 0.3 -6.08 0.000003 -5.55 0.0000026
Fe 0.7 -7.08 0.0000001 -6.93 0.0000001
Mn 0.14 -4.73 0.00013 -3.88 0.00011
Cu 0.04 -7.78 0.0000004 -6.38 0.0000006
Mo 5.0 -6.09 0.0000002 -6.79 0.0000002
Co 30.0 -6.97 0.000000004 -8.44 0.000000002
Al 0.4 -4.26 0.00014 -3.86 0.00011
Pb 0.004 -5.44 0.0010 -2.99 0.0010
Ni 0.02 -5.21 0.0003 -3.51 0.00019
Cr 0.003 -5.65 0.00074 -3.13 0.00062
Cd 0.001 -6.52 0.0003 -3.52 0.0003
Hg 0.0001 -6.43 0.0037 -2.43 0.0031

Note: EDI was calculated in Ig mg/kg body weight per day.

Accordingly, the target hazard quotient of heavy metals in Alpine and Yogurt cheeses ranged from —7.02 to —
4.35 1g and from —8.68 to —2.51 lg, respectively. Thus, the target hazard of elements with heavy-metal properties
in both cheeses is significantly below 1. This indicates that even with the consumption of 100 g of each cheese,
there is no risk to the consumer's health.

Cheeses are products whose composition depends on a number of factors, including the type and breed of
animals from which the raw milk is obtained, feeding and growing conditions [20], and health status. lactating
animals [21], [22], cheesemaking technology and production season [23], [24], as well as the cheese microbiome,
which determines the direction of chemical reactions and the duration of ripening processes [25], [26].

Mineral components of hard cheeses during ripening are concentrated in dry matter, the content of which
increases as the cheeses lose water in the ripening chamber, which is confirmed by our studies of Alpine and
Yoghurt cheeses. One of the most important macroelements in cheeses is calcium; therefore, a significant number
of works have been devoted to the study of its content in cheeses of various names. A detailed analysis of the
mineral composition of 18 cheeses made from buffalo, cow, goat, and sheep milk with varying moisture contents
revealed the peculiarities of calcium accumulation. Its content ranged from 3.18 g/kg in Mozzarella cheese to
10.53 g/kg in Emmental cheese. Cheese samples with lower moisture content (<41%) contained more Ca than
those with higher moisture content [27]. A similar pattern was observed in studies [28], indicating that the Ca and
P content is higher in hard cheese varieties than in other varieties. This is also associated with the introduction of
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phosphate salts, particularly polyphosphates or calcium phosphates, into the cheese mass, as specified in the
recipe. In the studied samples of various cheeses, in particular cheeses with a protected designation of origin
(PDO), the concentration of essential minerals took the following form: Ca>Na/P>K>Mg, which is due to the
influence of cheese moisture and milk type, which is consistent with the results of studies of hard cheeses, Alpine,
and Yoghurt.

There are also peculiarities in the concentration of ions of individual elements in cheeses, in particular, K, Na,
and Cl are found mainly in the aqueous phase, while Ca, P, and Mg are partially bound to casein micelles. About
1/3 content Ca, 1/2 P, and 2/3 Mg may be in the water milk phase. In cheeses, the mineral content depends mainly
on processing. Thus, the content of Ca changes in the following ascending order: milk/fermented milk/fresh
cheeses < soft cheeses < semi-hard cheeses < hard cheeses [29]. Considering that during the ripening process of
Alpine and Yoghurt cheeses, their moisture content gradually decreased and they moved from the fresh category
to the semi-hard and hard categories, the dynamics of calcium content corresponded to the above-mentioned
pattern [30].

It should be noted that the calcium and phosphorus content in cheeses made from unpasteurised goat milk,
Alpine and Yoghurt, was significantly lower in all ripening periods than in the above-mentioned studies. This is
due to the specific composition of cheeses made from unpasteurised goat milk, which do not contain added
calcium or phosphorus compounds. This can be considered an advantage rather than a disadvantage of craft
cheeses, since excessive calcium concentration in dairy products can increase the risk of the occurrence and
complications of pathologies, in particular prostate cancer [31].

It should be noted that our data are consistent with the generally accepted pattern of increasing ash
concentration in cheeses during their ripening, since mineral components constitute their basis [32]. The
accumulation of mineral elements with increasing ripening time of hard goat cheeses may be due to significant
moisture loss, in particular, in Alpiyskiy cheese from the 7th day to the 12th month of ripening, its content
decreased from 43.31 to 28.99%, and in Yogurtovy cheese from the 7th day to the 18th month of ripening - from
46.91 t0 29.93% [30]. Such a significant loss of moisture is probably due to the activity of the A. siro mite, which
takes part in the ripening of these cheeses and, by eating the rind, causes its damage and increases the intensity of
moisture evaporation from the cheese heads. However, this statement requires careful verification.

It should also be noted that the content of macro- and microelements in the cheese matrix is unevenly
distributed; in particular, in the rind of cheeses, the proportion of calcium can exceed its content in the core by 66
times, phosphorus by 4.4 times, and zinc by 9.9 times [33]. In the study, 38 of the protected-by-name-origin and
9 traditional Italian cheeses showed differences in zinc accumulation. The highest zinc content was found in
cheeses made from cow's milk, where it reached values of 1.83—7.75 mg/100 g, while in cheeses made from sheep
's milk, 1.34-3.69 mg/100 g, and in cheese from mixed milk, 0.39—4.54 mg/100 g. Most cheeses can meet>10%
of the daily human requirement for zinc, as established by the EU (10 mg/day) [34]. In our studies, the zinc content
in Alpine and Yoghurt cheeses was significantly lower than in Italian cheeses, which was partly determined by
the level of zinc intake into goats' bodies.

In addition to useful minerals, cheeses are also monitored for the presence of toxic compounds, particularly
heavy metals. The latter are quite common in the environment and enter ruminant bodies through feed and water,
so their accumulation in milk and cheese is an important criterion for assessing safety [35]. A study of cheeses
produced in different geographical regions [36] revealed the content of Cd <0.005-0.012 mg/kg, Cr < 0.02—0.84
mg/kg, Mn — 0.031-1.128 mg/kg, Ni < 0.03-0.67 mg/kg and Pb < 0.01-0.12 mg/kg. Similar levels of heavy
metals were found in cheeses from Italy [37] and Serbia [38], but cheeses from southeastern Anatolia [39]
significantly exceeded the reported levels. In a study of 79 samples of traditional cheeses produced in two regions
of southern Italy, the average Cd content in hard cheeses was 0.004 mg/kg, Hg was 0.08 mg/kg, and Pb was 0.13
mg/kg. In fresh cheeses, the average Cd level reached 0.002 mg/kg, Hg — 0.04 mg/kg, and Pb — 0.07 mg/kg [40].
Another study of the content of heavy metals in cheeses sold on the Turkish market showed the presence of Al at
alevel of 1752 ug /kg, Cr — 69 pg/kg, Mn — 163 pg/kg, Co — 20 ug/kg, Ni — 131 pg/kg, Cu— 247 ug/kg, As —59
ug/kg, Cd —0.005 pg/kg, Hg — 0.02 ug / kg and Pb — 0.05 pg/kg in 51 cheeses. At the same time, no significant
differences were found in the cheeses' names, except for Mn, Co, and Cu [41]. Analysis of Turkish craft cheeses
Aho, Golot, and Telli showed a significant accumulation of heavy metals, in particular Pb up to 1788.75 ng /kg
and Hg — up to 468.71 pg /kg [42]. Mexican craft cheeses from the states of Tabasco and Chiapas contained
cadmium at levels of 0.0023 mg/kg, lead at levels of 0.0047-0.0051, nickel at levels of 0.0031-0.0039, copper at
levels of 0.0199—-0.0202, zinc at levels of 0.1611-0.194, and iron at levels of 61.84—65.76 mg/kg [43]. The data
from our study on the content of heavy metals in Alpine and Yoghurt cheeses indicate that, across all ripening
periods, they contained significantly lower concentrations of heavy metals than the above-mentioned cheeses.
This confirms the absence of significant contamination of the territory, soil, water, and feed with heavy metals in
the area of goat cheese production used in our study.
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A more objective criterion for the safety of dairy products, and specifically cheeses, is their compliance with
the mineral composition requirements outlined in EU Regulation No. 1881/2006 [44]. This document defines the
Maximum levels for certain contaminants in foodstuffs in milk for Cd at the level of 0.005 mg/kg and Pb — 0.020
mg/kg [36]. It is important to consider that there is currently no tolerable daily intake (TDI) for heavy metals for
humans. Based on the EFSA recommendations, it is possible to determine the threshold values of risk to human
health for Cd at the level of 1.0 pg/kg body weight per day [45], Cr — 0.3 mg/kg body weight per day [46], Ni —
13 pg /kg body weight per day [47] and Pb — 3.6 pg /kg body weight per day [48]. In Ukraine, the maximum
permissible levels of heavy metals in cheeses are regulated by the State Standards of Ukraine (DSTU), which
specify limits for only four elements: Pb (0.3 mg/kg), Cd (0.2 mg/kg), As (0.2 mg/kg), and Hg (0.02 mg/kg of
cheese). As shown by the analysis of Alpine and Yogurt cheeses, their concentrations of these metals were
considerably lower at all ripening stages, posing no risk to consumer health [49].

Even taking into account that these heavy metals will completely transfer from milk to cheese, the values
obtained in our study did not exceed the specified limits. However, this assessment of the level of heavy metals
in cheeses is rather conditional, since it does not take into account that the yield of cheese from goat milk is 10-
12% and that during its production, whey is removed, and with it a certain amount of dissolved mineral
compounds [50] Therefore, the pattern of accumulation of macro- and microelements and heavy metals in goat
craft hard cheeses, such as Alpine and Yoghurt, may be one of the criteria for their authenticity, which is
associated with their geographical origin.

CONCLUSION

Hard craft cheeses made from unpasteurised goat milk, Alpine and Yoghurt, are characterised by a general
pattern of mineral accumulation during ripening. With increasing ripening time, the content of macro- and
microelements — Ca, P, Na, K, Mg, Zn, Fe, Mn, Cu, Mo, and Co — increased in both cheese varieties. Based on
their concentration in Alpine and Yoghurt cheeses, the macroelements can be arranged in the following sequence:
Ca>P>Na>K>Mg, while the microelements follow this order: Zn > Fe > Mn = Cu > Mo > Co > Se. During
ripening, Alpine and Yogurt cheeses accumulated elements classified as heavy metals—Al, Ni, Cr, and Hg—
without  exceeding  regulatory  limits, with  their = concentrations  following the  order:
Al>Pb=Ni>Cr>Cd>Hg> As/Sb. The obtained research results indicate the biological value of Alpine and
Yoghurt cheeses in terms of the content of essential elements and their safety in terms of the content of heavy
metals, which can be taken into account when developing criteria for environmental condition of craft production.
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