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This study quantifies nitrate content
in dairy products depending on heat treat-
ment, technological features, and seasonal
Jactors. The task addressed was to assess
the nitrate content in dairy products in
order to prevent the entry of high concen-
trations.

It was found that in the summer period,
the nitrate content in drinking milk with
different heat treatments did not exceed
5mg/l. However, in the winter-spring peri-
od, an increase in the nitrate content in
drinking milk was found, on average by
2.1 times, compared to milk in the summer
period. This indicates that the nitrate con-
tent in drinking milk is mainly influenced
by the seasonal factor.

It has been shown that the nitrate con-
tent in fermented milk products (yogurt,
kefir) was practically similar to that in
drinking milk. At the same time, in fer-
mented milk cheese, an average of 2 times
less than in yogurt and kefir was found.
This indicates that nitrates pass into whey
during the production technology of fer-
mented milk cheese. However, the influence
of starter cultures used in the production
technologies of yogurt, kefir, and fermented
milk cheese on the content of nitrates was
not detected.

It was found that in soft cheeses in
the winter-spring period, the amount of
nitrates was on average 2 times higher,
16.5-21.3 mg/kg, than in the summer peri-
od, while the effect of the season on the con-
tent of nitrates in hard and processed chees-
es was not detected. In powdered milk, the
concentration of nitrates was the highest -
50-80 mg/kg, compared to other dairy prod-
ucts, which indicates the concentration of
dry substances during production.

Thus, dairy products met the require-
ments of the EU regulation on the content
of nitrates; the high concentrations detected
in powdered milk indicate the need to con-
trol this product, especially when used for
baby food

Keywords: nitrate content, drinking
milk, fermented milk products, hard chees-
es, powdered milk
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1. Introduction

entry of xenobiotics, including nitrates and nitrites, into the

Food safety is one of the principal factors for main-
taining public health [1] as nutrition is the main route of

human body [2]. According to the World Health Organiza-
tion (WHO), nitrates are one of the most common food con-
taminants that enter raw materials and processed products




through feed, drinking water, and technological features of
production [3]. Therefore, scientific research on the issues of
ensuring the quality and safety of food products is important
in the food industry.

In addition, high concentrations of nitrates in food prod-
ucts pose a danger to consumers as they increase the total
amount of xenobiotics in the diet, which can cause intoxi-
cation and chronic pathologies. Nitrates in the human body
do not exhibit acute toxic effects by themselves but they are
capable of being reduced to nitrites, which, in turn, cause the
oxidation of hemoglobin with the formation of methemoglo-
bin, which reduces the transport function of the blood [4].
Secondary reactions of nitrites with amines and amides are
especially dangerous, as a result of which nitroso compounds
with pronounced carcinogenic potential are formed [5].

The results of monitoring studies on the content of
xenobiotics in food products are extremely necessary for
practice as they allow early detection of the problem of high
concentrations and offer preventive measures, or devise
technologies for their reduction. Therefore, research into the
issue related to nitrates in dairy products is an important and
urgent task of the modern food safety system.

2. Literature review and problem statement

Most studies in [6, 7] focused on vegetables and fruits
as the main source of nitrates in human nutrition. It was
shown that in leeks, carrots, arugula, bok choy, mizuna, and
watermelon, the concentration of nitrates was higher than
the maximum permissible concentration. Analysis of publi-
cations revealed increased humidity during the cultivation
of these vegetables and fruits. Therefore, the issue of using
a significant part of vegetables and fruits with high nitrate
concentrations remains unresolved. An option for overcom-
ing the relevant difficulties may be the use of various techno-
logical techniques (washing, mechanical cleaning, cooking)
to reduce the nitrate content during use in food. This is the
approach used in [8], which shows that during the process
of salting and fermentation of plant raw materials, lactic
acid species of autochthonous microorganisms-denitrifiers
multiply and the amount of nitrates in the finished product
decreases. However, almost all lactic acid bacteria used in
dairy technology do not exhibit denitrifying ability.

At the same time, the issue of assessing dairy products
in this aspect has remained less studied, although they
constitute a significant share of children’s and dietary nu-
trition where the permissible level of nitrates is especially
important. Children are more sensitive to the toxic effects of
nitrates [9] since they do not have fully formed enzyme sys-
tems that restore methemoglobin to hemoglobin. Therefore,
the feasibility of conducting systematic studies on the nitrate
content in dairy products is of particular relevance.

Literature data indicate that seasonality is one of the key
factors in the variability of nitrate content in raw milk [10]. In
particular, in the winter-spring period, when silage, haylage,
and other feeds with a high nitrate content predominate in
the diets of cows, there is an increase in nitric acid salts in
raw milk. In contrast, in the summer period, under condi-
tions of grazing and feeding animals with green fodder, the
nitrate content in raw milk is usually lower [11]. At the same
time, no data are provided on the preservation of such a trend
in dairy products since different technologies and methods of
product processing are used during the production of dairy

products. The reason for this may be objective difficulties
associated with the fact that the assessment of nitrate content
in milk and dairy products is not carried out sufficiently since
the standard method using a cadmium column is laborious.
Therefore, real data showing the nitrate content in dairy
products of different groups are insufficient to draw a con-
clusion about the safety of this category of products in terms
of xenobiotics. An option to overcome the relevant difficulties
may be the introduction of a system for monitoring the nitrate
content in dairy products that are produced.

It has been found that the nitrate content in milk can be
different, in particular, extremely high concentrations of up
to 146 mg/1 are reported [12]. At the same time, the authors
note that there is no significant difference in the nitrate
content between samples of sheep, goat and cow milk. That
is, as follows from the studies, dairy products made from
milk from different animal species can serve as a significant
source of nitrates. Work [13] indicates that cow’s milk is one
of the most important food products for children, therefore
the detection of nitrates and nitrites in it is of great impor-
tance for ensuring health. It was found that the average ni-
trate concentration in colostrum-enriched milk ranged from
14.1 to 136 mg/l, in whey-enriched milk 42.6-242.8 mg/],
and in regular milk 57.9-157.6 mg/l. At the same time, it is
not reported whether the nitrate concentration data in milk
meet the standards, which significantly reduces the value of
these studies in terms of safety interpretation.

Other researchers [14] found a significantly lower nitrate
content in milk, with a mean value of 34 & 11 mg/l1. Although
the average nitrate intake in all age groups was lower than
the recommendations by the World Health Organization, the
assessment of this xenobiotic requires constant monitoring in
dairy products due to its significant fluctuations. The authors
do not report on the reasons that affect the nitrate concentra-
tion in dairy raw materials. In addition, in work [15], during
the study of powdered milk, a nitrate concentration of an
average of 35 mg/l was found. All this allows us to state that
it is advisable to conduct a study aimed at clarifying the influ-
ence of modern methods for heat treatment (pasteurization,
sterilization, ultra-high temperature treatment) on the nitrate
content in finished products.

Study [16] indicated the possibility of using special de-
nitrifying microorganisms in the production technologies of
fermented milk products, since raw materials with an exces-
sive content of nitric acid salts may be processed. This con-
firms the need and prospects for conducting research on con-
trolling the content of nitrates in dairy products as it would
prevent the intake of dangerous concentrations of nitric acid
salts into the diet of consumers. An equally important aspect
is the analysis of the impact of technological production pro-
cesses (heat treatment, fermentation) on changes in nitrate
concentrations in finished products.

Therefore, it is advisable to study nitrate concentrations
in drinking milk and various dairy products in a seasonal
aspect, which could make it possible to improve the system
for controlling the safety of food production and reducing
potential risks to consumer health.

3. The aim and objectives of the study

The aim of our study was to quantify the nitrate content
in dairy products depending on the season, type of product,
and processing technology, which would provide an oppor-



tunity to justify the introduction of technologies that could
prevent the ingress of high concentrations.

To achieve this goal, the following tasks were set:

—to determine the actual concentration of nitrates in
drinking milk under different heat treatment;

- to determine the actual concentration of nitrates in fer-
mented milk products using different starter cultures;

- to quantify the nitrate content in hard, soft, processed
cheeses, and powdered milk.

adding known nitrate concentrations to assess the accuracy
of the method under real matrix conditions [17].

The obtained experimental data were processed using vari-
ational statistics methods. The results were represented as the
mean value (M) and the standard error of the mean (£m). The
statistical significance of the differences between the means was
determined by the Student test at a confidence level of p < 0.05.
The results were processed using the Statistica 12.0 software
(StatSoft, USA) and MS Excel 2019 (USA).

4. The study materials and methods

The object of our study is the regularity of nitrate content
in dairy products depending on heat treatment, technological
features, and seasonal factors.

The principal hypothesis assumes the possibility of the
influence of the seasonal factor, heat treatment of milk, and
the technology of production of various dairy products on the
concentration of nitrates in them. It was

5. Results of studies on the assessment of nitrate
concentrations in dairy products depending on the
seasonal factor

5.1. Determining the actual concentration of ni-
trates in drinking milk with different heat treatment

The results from determining nitrates in milk in the sum-
mer months are shown in Fig. 1.
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cheeses (hard, processed, soft), as well
as powdered milk, were selected. Sam-
ples of dairy products were taken in
the summer (June-August) and win-
ter-spring (January-March) periods. In
total, more than 180 samples of dairy products from the retail
trade network were analyzed, which met the current require-
ments of DSTU for labeling and shelf life.

Sampling was carried out in accordance with the re-
quirements of DSTU ISO 707:2002 “Milk and dairy prod-
ucts. Guidelines for sampling”. Samples were delivered to
the laboratory in a cooled state (+4°C) and were subject to
analysis no later than 24 hours after purchase. At least three
parallel determinations were carried out for each group of
products.

For this purpose, the standard reference method of cad-
mium column or cadmium reduction research with subse-
quent spectrophotometric analysis according to DSTU ISO
14673-3:2004 IDF 189-3:2004 was used. The essence of the
method is the reduction of nitrates to nitrites using metallic
cadmium in a special column. The formed nitrites react with
the reagents sulfonamide and N-naphthylamine, forming a
bright pink azo compound. The intensity of this color was
measured on a spectrophotometer at 540 nm [17].

To ensure the reliability of results, a quality control
system was used, which included the following elements.
Standard solutions (references) were prepared at precisely
known nitrate concentrations to construct a calibration
curve. Reduction control involved checking the efficiency of
the cadmium column by analyzing samples with a known
nitrate content. Spike samples were prepared by artificially

Fig. 1. Nitrate content in drinking milk at different heat treatment in the summer

period, n =27, M+ m

Fig. 1 shows that the concentration of nitrates in drinking
milk did not change significantly during summer months,
depending on the heat treatment technique. In June, the low-
est nitrate content was found in UHT milk - 4.1 + 0.3 mg/1,
and the highest content was observed in sterilized milk —
5.2+ 0.4 mg/l, that is, the difference was not statistically
significant. In July, a decrease in the indicator was observed
in all samples, especially in UHT milk to 3.7 = 0.3 mg/l]; in
August, the amount of nitrates increased again, reaching a
maximum in pasteurized milk of 5.2 + 0.4 mg/l. However,
these data also did not differ significantly from each other.

Thus, the study shows that in drinking milk at differ-
ent heat treatment in the summer months the concentra-
tions of nitrates fluctuated within 3.7-5.2 mg/1. This indi-
cates that heat treatment does not affect the total nitrate
content in drinking milk and this type of product is not
considered a significant source of nitrates in the overall
diet of consumers.

The results of the study of nitrate concentrations in drink-
ing milk during heat treatment in the winter-spring period
are shown in Fig. 2.

Fig. 2 shows that in January the highest values of nitrate
concentration in drinking milk samples were recorded in
UHT and sterilized milk - 10.5 + 0.6 mg/1, and the lowest in
pasteurized milk - 8.9 + 0.5 mg/1, i.e., the difference was not
significant.
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Fig. 2. Nitrate content in drinking milk at different heat treatment

in the winter-spring period, n =27, M+ m

In February, the nitrate concentration in sterilized milk
was 1.4 times lower (p <0.5) (7.3 &+ 0.4 mg/1), compared with
such milk in January. At the same time, no statistical differ-
ence was found between drinking milk and UHT milk in
that month. In March, no significant dif-
ference in nitrate concentration in milk
of different treatments was found, the
content fluctuated within 8.6-10.1 mg/L

Comparison of the dynamics of ni-
trate content in drinking milk of different
heat treatment in the winter-spring and
summer periods revealed clear seasonal
differences. In the winter-spring period,
the nitrate concentration was significant-
ly higher, mainly 8.6-10.5mg/l. In the
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times (p < 0.5) lower content. In July,
an increase in the nitrate concentration
was noted in all samples of fermented
milk products with a maximum value in
kefir 5.9 + 0.3 mg/1. At the same time, no
significant difference between them in
terms of nitrate values in these products
in the studied month was recorded.

In August, a decrease in the nitrate
concentration in the studied fermented
milk products to the level that was in-
herent in June was noted - 2.8-3.4 mg/1.
If we compare the nitrate content in
fermented milk products in the summer
months with each other, we observe, on
average, a 1.5-1.7 times higher concen-
tration in July, compared to June and
August.

The results of our study on the assessment of fermented
milk products by the nitrate content in fermented milk prod-
ucts in the winter-spring period are shown in Fig. 4.
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in this period, which had a 2.2-2.0 times
(p <0.5) lower nitrate concentration than
in the winter-spring period.

In general, our data indicate that
the concentration of nitrates in drink-
ing milk depends on the season, while
the heat treatment technique does not
significantly affect their content. In all
studied samples, the concentration of
nitrates remained within 5-10 mg/kg.
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5.2.Determining the actual con-
centration of nitrates in fermented
milk products using various starter
cultures

In the production technology of fer-
mented milk products, starter cultures
are used to ferment raw materials; there-
fore, from a scientific point of view,
studies on determining the concentration
of nitrates in these types of products
were of interest. The results of studies on the assessment of
fermented milk products by nitrate concentration in the sum-
mer period are shown in Fig. 3.

From Fig. 3, one can see that in the summer period the
nitrate content in fermented milk products was characterized
by variable values of indicators. In particular, in June, the
nitrate concentration was the highest in kefir 4.7 £ 0.2 mg/1,
and the lowest in fermented milk cheese - 2.1 mg/1, i.e., 2.2

® drinking yogurt

Fig. 3. Nitrate content in fermented milk products in the summer, n=27, M£* m
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Fig. 4. Nitrate content in fermented milk products in the winter-spring period,

n=21,M*m

From the analysis of the data in Fig. 4 it is clear that
in the winter period the nitrate content in different types
of fermented milk products differs significantly from
each other. In January, the lowest nitrate concentra-
tions were recorded in yogurt samples - 8.1 + 0.4 mg/l;
1.5 times (p <0.5) higher amount is recorded in kefir -
12.3 = 0.5 mg/1, and the lowest in fermented milk cheese
4.7 £ 0.2 mg/l. That is, in fermented milk cheese during



this period the nitrate content was 1.7 times (p < 0.5) lower
than in yogurt and 2.6 times (p < 0.5), compared with the
content in kefir.

If we characterize the nitrate content in fermented milk
products studied in February-March, we can note similar
results that were observed in January. In particular, the
highest levels of these salts were recorded in yogurt and ke-
fir- 12.4 + 0.5 mg/1 and 8.6 =+ 0.3 mg/l,
respectively; and 3.0-2.1 times (p < 0.5)
lower in fermented milk cheese.

In general, when comparing the ni-
trate content in fermented milk prod-
ucts studied in the summer and win-
ter-spring periods, we note a trend that
was inherent in drinking milk. That is,
products such as kefir and yogurt were
characterized by an average of 2.5 times
(p < 0.5) higher content of nitrate salts
in the winter-spring period than in the
summer. In contrast, in fermented milk
cheese, the nitrate content did not differ
significantly in the samples studied in
summer and winter, and did not exceed
a concentration of 5 mg/1.

Therefore, our results indicate that
in the winter period there is a higher probability of nitrate
accumulation in fermented milk products than in the sum-
mer. In addition, traditional starter cultures used in the
production technologies of yogurt, kefir, and fermented milk
cheese did not affect the nitrate content when compared to
the content in drinking milk. This necessitates the need for
enhanced control over raw materials
and technological processes.

(T e N B o)
S O O O

(O8]
S

Nitrate content, mg/l
N W
(e S

—_
oS o

s1g 558
I 44.1 I
363
gz
223
' 12.1 73 1230 o,
O - HE =

June
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recorded in powdered milk, which during the summer months
increased from 55.8 + 2.7 mg/kg in June to 78.3 £+ 3.8 mg/kg
in July, maintaining a consistently high concentration in Au-
gust — 74.5 + 3.6 mg/kg. That is, in powdered milk the nitrate
concentration was several times higher than in hard cheeses,
approximately 1.5-2 times higher than in processed cheeses
and 5-10 times higher than in soft cheeses.

78.3 4.5

July
Study period, months

August

processed cheeses M soft cheeses ™ powdered milk

Fig. 5. Nitrate content in cheeses and powdered milk in the summer, n=36, M+ m

Thus, our results indicate that the nitrate content in dairy
products (hard, soft cheeses) significantly depends on their
type and season. At the same time, the concentration of ni-
trates in powdered milk in the summer period significantly
exceeded the indicators, compared with other types of dairy
products.
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The data in Fig. 5 indicate signifi-
cant fluctuations in nitrate concentra-
tion, depending on the type of product
and the month of the study. In par-
ticular, in the studied hard cheeses, a
sharp increase of 2.0 times (p < 0.5)
in nitrate content in July to 44.1 + 1.7 mg/kg, compared to
June, and a further decrease in August to a concentration
of 12.3 + 0.6 mg/kg is observed. Such fluctuations in nitrate
content in cheeses are probably associated with different
production technologies and different contents of these salts
in milk. In processed cheeses purchased in the summer
months, nitrate content indicators remained relatively stable,
since quantitative values fluctuated within a fairly narrow
range of 36.3-51.6 mg/kg, which indicates the preservation
of high nitrate levels throughout the summer.

Soft cheeses were characterized by the lowest nitrate con-
tent among the studied products from 7.3 + 0.3 mg/kg in July
to 12.1 = 0.5 mg/kg in June, without sharp changes in dy-
namics. In contrast, the highest nitrate concentrations were

® hard cheeses

Study period, months

processed cheeses soft cheeses ™ powdered milk

Fig. 6. Nitrate content in cheeses and powdered milk in the winter-spring period,

n=36, Mt m

The results of studies on assessing nitrate levels in chees-
es and powdered milk are shown in Fig. 6.

Fig. 6 shows that in cheeses and powdered milk pur-
chased in the winter-spring period, the nitrate content had
similar values as in these products sampled in the summer.
That is, powdered milk also contained the largest amount of
nitrates in the winter-spring period, while the lowest values
were characteristic of soft cheeses. At the same time, when
comparing the two seasons, the difference in soft cheeses was
particularly significant, which showed that in the summer
period they contained the lowest nitrate concentrations of
7.3-12.1 mg/kg. In the winter-spring period, these values al-
most doubled to 16.5 and 21.3 mg/kg, respectively. Powdered
milk during both periods retained the highest level of nitrates



among the studied products. In summer, the maximum
nitrate concentrations were 78.3 + 3.8 mg/kg, while in the
winter-spring period - 80.2 + 4.1 mg/kg, i.e., no significant
difference was observed between these indicators.

Thus, among cheeses, hard cheeses are the most unstable
to nitrate accumulation, while soft cheeses had the lowest
concentration. At the same time, regardless of the season of
the year, powdered milk remains the product with the high-
est nitrate content.

6. Research on nitrate content in dairy products and
compliance with regulatory requirements: results and
summary

Dairy products are an important source of nutrients [18],
but they can contain chemicals, in particular nitrates, which, if
consumed in excess, pose a health risk to consumers [2]. Studies
have shown that the concentration of nitrates in drinking milk
did not depend on the heat treatment technique (pasteurization,
sterilization, UHT) in both the summer and winter-spring pe-
riods. In the summer months, nitrate levels were 3.7-5.2 mg/1
(Fig. 1), while in the winter-spring period the concentration
increased to 8.6-10.5 mg/1 (Fig. 2). This is consistent with data
[10] that link the increase in nitrate content in milk in winter
with feeding characteristics and weaker nitrate-reducing activi-
ty of the rumen microbiota of cows. As a result, in the summer
cows consume more nitrates with green fodder, while the nitrate
content in milk is lower, in winter less nitrates come with feed,
but the concentration in milk is higher. During monitoring
studies of the nitrate content in raw cow’s milk throughout the
year, the authors of [11] also found a seasonal effect on their
concentration. At the same time, in the winter period, the num-
ber of samples with a nitrate content of more than 10 mg/l was
approximately 20%, and in the summer - about 2%. At the same
time, results are also given about significantly higher nitrate
concentrations in cow’s milk. Thus, in studies [12, 13], when
assessing drinking cow’s milk, nitrate concentrations of up to
160 mg/1 were found; the authors do not indicate the factors
that could have influenced such content of this xenobiotic. Ac-
cording to EU Regulation No. 1258/2011, the permissible level of
nitrates in food (infant formula) is 50 to 100 mg/kg, depending
on the vegetable filler [19]. Researchers [11] indicate that the
permissible nitrate content in raw milk for processing is con-
sidered to be a concentration of 10 mg/l1, as was the case in the
previous standard. In addition, the Chinese national standards
GB 2761-2017 and GB 2762-2017 regulate the content of nitrites
in raw milk, and they should not exceed 0.4 mg/kg and 4 mg/kg
in powdered milk [20].

The results showed that even during the period of the
highest nitrate content in dairy products (January-March),
the concentration remained within the permissible limits,
but in some samples it approached the limit of the norm of
50 mg/kg. This indicates a possible risk if such products are
consumed systematically by people with impaired intestinal
microflora [2, 8]. We also believe that the quantitative values
of nitrate content in milk and dairy products may differ from
each other when using different methods of determination.
Since there are currently several methods for determining ni-
trates (colorimetric, ion chromatography, cadmium or reduc-
tion, using portable nitratometers, rapid tests), it is necessary
to use a standard detection method.

Our study of fermented milk products (kefir, yogurt,
fermented milk cheese) showed that in the winter-spring

period, the nitrate concentration in kefir and yogurt was
2.0-2.5 times higher (8.6-12.4 mg/l) (Fig.3) than in the
summer (2.8-5.9 mg/1) (Fig.4). The lowest nitrate content
values were recorded in fermented milk cheese regardless of
the study period (2.1-4.7 mg/1) (Fig. 3, 4), which is probably
explained by the technology of its production, since part of
the nitrates is excreted together with the whey. In addition,
researchers note that additional starter cultures that exhibit
denitrifying properties can be used to reduce the nitrate
content in the technology of fermented milk products produc-
tion [16]. Classical lactic acid bacteria used for fermentation
of dairy raw materials do not exhibit denitrifying ability.
This indicates that yogurts and kefir may contain elevated
concentrations of nitrates, which is dangerous for consumers
with increased sensitivity to these salts (children, pregnant
women).

Among cheeses, the highest nitrate concentrations were
recorded in hard cheeses - up to 44.1 + 1.7 mg/kg, and pro-
cessed cheeses - 36.3-51.6 mg/kg (Fig. 5). The lowest nitrate
content values were observed in soft cheeses, which were
7.3-21.3 mg/kg (Fig. 5, 6), which depended on the period
of the study. These nitrate content indicators do not exceed
the standards of European regulations and the International
Dairy Federation for hard cheeses, up to 150 mg/kg [21]. At
the same time, in work [22] it was found that 50% of cheese
samples in Turkey had nitrate content exceeding the permis-
sible level specified in EU Regulation No. 1881/2006.

Special attention is paid to powdered milk, in which
the nitrate content was the highest among all the prod-
ucts studied, in particular 55.8-78.3 mg/kg in the summer
period (Fig.5) and 80.2 = 4.1 mg/kg in the winter-spring
period (Fig. 6). This is several times higher than the nitrate
content in hard cheeses and dozens of times higher than in
soft cheeses. The high values are probably explained by the
concentration of dry matter in the production process, which
leads to the accumulation of nitrates. These results are con-
sistent with the data from [21], which show that the nitrate
content in cheeses can vary significantly depending on the
production technology, type of cheese and raw materials
used. The authors emphasize that although nitrates can be
a natural component of food products, their excess is asso-
ciated with the danger of forming nitroso compounds [22].
As noted in [23], in people with chronic diseases of the stom-
ach and intestines, the utilization of nitrates by the colonic
microbiome slows down. Therefore, the amount of nitrates
required for the occurrence of chronic nitrate poisoning will
be lower [24]. Therefore, we support the opinion of research-
ers [3, 11, 25] regarding the need to reduce the maximum
permissible amount of nitrates in dairy products, especially
for baby food.

According to the hygiene requirements of EU Regulation
No. 1258/2011, the maximum permissible nitrate content
in dairy baby products is 50-100 mg/kg [19], while there
are no maximum permissible standards for fermented milk
products. Although the European Regulation allows nitrate
content up to 150 mg/kg in the technology of hard cheeses,
it should be noted that according to US regulations, the addi-
tion of nitrates to the technology of cheese production is pro-
hibited [21]. The results indicate that in the studied samples
the nitrate content indicators were within the regulatory val-
ues. However, in powdered milk, the nitrate concentration in
some cases reached significant indicators of up to 100 mg/kg,
which may create additional danger in the event of its mass
use in the food industry (in particular, in infant formulas).



In general, our results indicate that the nitrate content in
dairy products significantly depends on the period of the year
in which these products were manufactured, apparently due
to the influence of the quality of rations for cows. In contrast,
heat treatment of milk has no effect on the nitrate content.
The revealed patterns from a practical point of view make it
possible to propose increased control over the safety of dairy
products in the winter-spring period for this xenobiotic. In
addition, it was found that the greatest risk is posed by pow-
dered milk, hard and processed cheeses, in which the nitrate
content can reach the maximum regulatory values. There-
fore, an applied aspect of using the obtained scientific data is
the possibility of proposing the use of milk with a significant
nitrate content for the production of products, in particular
fermented milk cheese, during the technology of which they
are removed with secondary raw materials.

Taking into account our results and data from the liter-
ature [2, 25], which indicate that prolonged consumption of
products with a high nitrate content leads to the formation
of nitroso compounds and the development of chronic pa-
thologies, special attention is required to introduce system-
atic monitoring of raw materials for nitrate content, improve
technological processes for the production of hard and pro-
cessed cheeses, and control of powdered milk, particularly
when used for baby food.

Thus, our results revealed that dairy products, in gen-
eral, do not exceed the standards for nitrate content. At the
same time, individual groups (powdered milk) may pose a
potential risk to consumers, which makes further research
and the development of preventive measures at all stages of
production relevant. At the same time, limitations on the
application of the findings may consist in the need for larg-
er-scale scientific research covering raw materials and dairy
products manufactured in different regions. In addition,
there are shortcomings in the implementation of a system for
monitoring dairy products for nitrate content, as it requires
the allocation of additional funds for laboratory research. It
is the lack of funding for the state program for monitoring
nitrates in dairy products that may become a problem for the
implementation of research.

However, this study could be further advanced, both from
a practical and theoretical perspective. The results may con-
tribute to the development of new, rapid technical methods
for assessing the content of nitrates in food products and the
improvement and implementation of biological techniques
for their denitrification.

7. Conclusions

1. We have established that the nitrate content in drink-
ing milk throughout the year did not depend on the heat
treatment technique (sterilization, pasteurization, UHT),
while the seasonal factor had an influence. In particular, in
the summer period, the amount of nitrates in milk ranged
from 3.7 £ 0.3 mg/l to 5.2 £ 0.4 mg/l and was on average
2.1 times lower than milk sold in the winter-spring period.
In all the studied milk samples, the nitrate content practically
did not exceed the standard of 10 mg/1.

2. It was found that the starter lactic acid microorganisms
used in the technology of yogurt and kefir production do not
affect the nitrate content in the finished product, since the
indicators were practically similar to those in drinking milk.
In contrast, in fermented milk cheese, a lower nitrate content
was noted, in particular, in the winter-spring period, the
amount of nitric acid salts was 1.7 times lower than in yogurt
and 2.6 times lower than in kefir. This indicates the influence
of the production technology of fermented milk cheese on the
nitrate content in the finished product.

3. We have found that the nitrate content in hard and
processed cheeses did not change significantly during the
year and was 12.3-44.1 mg/g and 36.3-55.8 mg/kg, respec-
tively. In soft cheeses, an average of 2 times higher content
(16.5-21.3 mg/kg) was noted in the winter-spring period,
compared to the summer. Among all the dairy products
studied, the highest nitrate content was in powdered
milk - 50.5-80.2 mg/kg. That is, the amount of nitrates
in this product was several times higher than in hard
cheeses, 1.5-2.0 times higher than in processed cheeses,
and 5-10 times higher than in soft cheeses. This indicates
that powdered milk and products based on it could be an
additional source of nitrates.
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