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analysis confirmed that the composition of the samples did not meet the requirements of the standard. The
study also included the evaluation of the inhibitory activity of safflower oil against the enzymes a-amylase
and a-glucosidase, where one of the samples showed significant inhibition of a-amylase activity and the other
a-glucosidase activity, indicating their potential use as natural inhibitors. The safety control of heavy metal
content showed that the levels of lead,cadmium and other toxic elements in the oil are well below the permissible
limits, confirming its safety for consumption.These data indicate that,although some safflower oil samples do not
meet the standards for fatty acid composition, its potential as a natural enzyme inhibitor and safety in terms of
heavy metal content opens up prospects for further research and possible optimisation of production processes

Keywords: acid number; fatty acids; heavy metal content; inhibition; state standard; heavy metal content

INTRODUCTION

In today’s world, the issue of providing the population
with safe and high-quality food enriched with vitamins,
microelements and biologically active substances is of
particular relevance. An unbalanced and irrational diet
is one of the leading risk factors for the development
of nutritionally dependent diseases, such as obesity,
type 2 diabetes, cardiovascular diseases, certain types
of cancer and others. In this regard, the search for new
sources of biologically valuable substances and the
development of functional foods that can compensate
for nutritional deficiencies and improve public health
is one of the most important tasks of modern nutrition
science. In this context, safflower (Carthamus tinctori-
us L.),an oilseed crop with a unique complex of biolog-
ically active substances, is particularly promising. Fol-
lowing G.S. Aidarkhanova et al. (2021), safflower oil and
extracted meal can be used as functional ingredients
to enrich various foods, such as bakery products, dairy
products, confectionery, meat and fish products. This,
in turn, can significantly contribute to optimising food
consumption patterns and improving public health.

Safflower, as a source of oil and fat products, has
several outstanding advantages that determine its im-
portance in human nutrition. Of particular note is the
high content of linoleic acid in safflower oil, which
reaches up to 80%. Linoleic acid is an essential fatty
acid necessary for maintaining the health of the human
body (Mukhametov et al., 2023). This statement is sup-
ported by B.M. Iskakov et al. (2022) and M.T. Mursalyko-
va et al. (2022), who also note the richness of safflower
in B vitamins (B1,B2,B6),E,and K, as well as macro-and
microelements such as potassium, magnesium, calcium,
phosphorus, iron, copper and zinc. Moreover, safflower
contains several biologically active substances, such as
flavonoids, phytosterols and lignans, which have pro-
nounced antioxidant, anti-inflammatory, antibacterial
and other beneficial properties. Furthermore, safflower
oil and safflower extract not only contribute to the im-
provement of internal health but also have a high value
in the context of improving the appearance of the skin
and hair. K.D. Rakhimov et al. (2020) identified the po-
tential of safflower in nutraceuticals, where safflower
oil and safflower extracts were used as the basis for the
creation of biologically active food supplements (BAFS)

aimed at preventing and correcting various diseases.
Sh. Zhailaubayeva et al. (2023) showed that safflower
has potential in the field of cosmetology. Given its rich
composition, safflower oil can be successfully used as a
component of cosmetic products for skin and hair care,
making it a valuable ingredient not only for internal but
also for external health and beauty improvement.

Many countries around the world have laws and
standards governing the quality of fat and oil products.
Quality conformity assessment is substantial for man-
ufacturers to ensure that their products meet all the
requirements and can be legally marketed (Musayeva et
al., 2024). S.T. Abildaev et al. (2023) employed statisti-
cal and heuristic (organoleptic) methods to assess the
quality of fat and oil products. The authors addressed
the analysis of the labelling of fat and oil products and
concluded that it is necessary to strengthen control
over the quality of labelling and packaging of products
following the requirements, as well as the need for
stricter control over the indication of trans fat content
on the packaging of fat and oil products. These findings
underline the importance of systematic monitoring and
quality control of fat and oil products to ensure the
safety and reliability of products on the market. One of
the most important aspects of ensuring the quality of
fat and oil products is to protect the health of consum-
ers. Safflower oil, similar to other types of vegetable
oils, can contain harmful impurities such as pesticides,
heavy metals and carcinogens. Eating low-quality but-
ter can lead to poisoning, allergic reactions and the
development of various diseases (Bandura & Fialkovs-
ka, 2023). Quality conformity assessment was used to
identify and withdraw substandard products from the
market, thereby protecting the health and well-being of
consumers. G. Dambaulova et al. (2023) note that butter
adulteration by adding vegetable fats is a common type
of fraud in the butter and fat industry.

Based on the above, there is an urgent need for a
comprehensive analysis of the chemical composition,
physicochemical properties and microbiological pa-
rameters of safflower oil to verify its compliance with
established quality and safety standards. The study
aims to identify the key factors affecting the quality of
this product and to provide specific recommendations
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for improving production processes and ensuring a
high level of consumer safety.

MATERIALS AND METHODS

In 2024, eleven different brands of safflower oil were
purchased as part of a research project. The locations of
purchase included pharmacies, markets, online retailers
and cosmetic stores in Almaty, Kazakhstan. All samples
were stored at a low temperature of about 4°C until
they were used in the study. The samples were num-
bered with consecutive numbers for ease of organisa-
tion and analysis of the data. Each sample was assigned
a unique number from 1 to 11, regardless of where it
was purchased, which was used for record-keeping,
storage, testing and references in the research report.

To accurately determine the composition of fatty
acids in the samples, a standard mixture of 37 fatty
acid methyl esters (Supelco™ 37 Component FAME
(fatty methyl esters) Mix, FAME37, C4-24) was used in
gas chromatographic analysis. This standard contain-
ing 100 mg of FAME37 was stored at -20°C to main-
tain its stability. In preparation for analysis, working
solutions were prepared from this standard in an ice
bath to prevent decomposition. To prepare a standard
solution with a concentration of 400 mg/ml, 250 pl
of dichloromethane was used, which was added to
100 mg of FAME37 standard. The resulting solution
was mixed thoroughly with a shaking device. Then, for
further dilution and preparation for injection into the
gas chromatograph, 75 yl of this solution was mixed
with 925 pl of CH,CL, and stirred on a vortexer.

For analysis by gas chromatography-mass spec-
trometer (GC-MS), 100 ul of FAME37 standard solution
with a concentration of 30 mg/ml was placed in a spe-
cial glass tube and hermetically sealed. Such precision
in sample preparation ensured high accuracy and re-
producibility of the analysis results. This method was
used to study in detail the fatty acid profile of various
samples, including food and biological materials. To
study the effect of safflower oil on the activity of the
a-amylase enzyme, the method described by H. Mech-
chate et al. (2021) was employed. The a-amylase en-
zyme was dissolved in water to obtain a final con-
centration of 4 U/ml. The substrate used was a 0.5%
solution of potato starch in 20 mM phosphate buff-
er. The quality control of fatty acid composition, acid
and peroxide numbers was determined according to
GOST 5480-59 (Standard of the..., 2005).

Safflower oil was prepared in a solution of 100%
MeOH at concentrations of 1 mg/ml, 0.5 mg/ml and
0.25 mg/ml. These samples were mixed with the a-am-
ylase enzyme and incubated at 37°C. After the addi-
tion of the starch substrate, 50 ml of DNS (3,5-dini-
trosalicylic acid) staining solution containing 96 mM
3,5-dinitrosalicylic acid, 5.31 M sodium potassium
tartrate in 2 M NaOH was added to the mixture. The
mixture was kept at 85°C for 15 minutes, after which
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it was diluted with water and left to cool to complete
the reaction. The absorbance of the resulting solution
was measured at 540 nm using an enzyme-linked im-
munosorbent assay (ELISA) plate reader. Acarbose was
used for comparison.

To evaluate the inhibitory effect of safflower oil
on the a-glucosidase enzyme, a method was also de-
veloped by H. Mechchate et al. (2021). The enzyme
a-glucosidase type |V, isolated from Bacillus stearo-
thermophilus, was dissolved in 0.5 M phosphate buffer
with pH 6.5. The safflower oil was dissolved in 100%
methanol to obtain concentrations of 1 mg/ml, 0.5 mg/
ml and 0.25 mg/ml. These solutions were incubated
with a-glucosidase in a 96-well microplate at 37°C.
After the addition of the substrate consisting of 10 pl
of 20 mM p-nitrophenyl-a-D-glucopyranoside, the re-
action was left to proceed at the same temperature.
The final assessment of the colour intensity was car-
ried out using an ELISA plate reader at a wavelength
of 405 nm. Control samples were used as a reference.

The concentrations of cadmium (Cd) and lead (Pb)
in the products were determined by the atomic ab-
sorption method, which deals with the analysis of raw
materials and food products for the content of toxic el-
ements (Standard of the Republic..., 2005). The process
involved the mineralisation of the sample by dry or
wet ashing, after which the concentration of elements
was measured in the mineralisation solution (in a 0.1
normal nitric acid solution) using flame atomic absorp-
tion spectrometry. The concentration of arsenic (As)
was determined by atomic absorption at the resonant
wavelength of 193.7 nm using the atomic absorption
method, which provides an accurate assessment of
the levels of these elements in products. These meth-
ods are key to ensuring food safety by identifying and
quantifying potentially harmful toxic metals.

RESULTS

The physical properties of safflower oil, such as density
and specific gravity, depend on its fatty acid compo-
sition and temperature. The density, defined as mass
per unit volume, for safflower oil, was 0.940. Moreo-
ver, the specific gravity, which usually increases with
the degree of unsaturation of the oil, was measured
at 0.917. This value tends to decrease with increasing
temperature, which reflects the temperature sensitivi-
ty of this parameter. The specific gravity and refractive
index are crucial, but not conclusive, for the identifi-
cation of pure substances. However, they are valuable
for detecting any contamination or adulteration in oils.
The refractive index of safflower oil was determined to
be 1.469, which indicates a change in unsaturation due
to processes such as hydrogenation and gives an indi-
cation of the viscosity of the oils, which was 45.6 cP.
Colour parameters, including lightness, red-green
scale and yellow-blue scale, are often associated with
the quality of oils, especially those used in salads and




shortening. For all samples of safflower oil, the light-
ness value was 45.24, the red-green scale was -2.87,
and the yellow-blue scale was 21.04. These colour in-
dicators are used to assess the quality of the oil and
possible adulteration and show that the oil is genuine.

The results showed that out of 11 samples, only
two, n1 and n5, met the standard for acid number,
which indicates their good condition and proper stor-
age (Table 1). The remaining 9 samples show acid val-
ues above 0.5, which may indicate oxidation due to
improper storage or processing, which in turn reduces
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their shelf life and nutritional value. The acid num-
ber should not exceed 0.5, and the peroxide number
should not exceed 10. As for the peroxide number, only
samples nl and n4 are within the normal range, which
indicates a low level of oxidation of these oils and
preservation of their taste. This makes them preferred
for consumption, as the lower level of oxidised fatty
acids provides better flavour and aroma. At the same
time, the high peroxide number of the remaining sam-
ples can lead to rancidity, making the oil less suitable
for use, especially in food products.

Table 1. Indicators of acid and peroxide number of safflower oil samples of the Republic of Kazakhstan

Sample Acid number £SD Peroxide number £ SD
nl 0.2+0.1 75%1.6
n2 1.4+0.1 28.6%0.2
n3 1.3£0.2 14.6%0.3
n4 1.2#0 8.2+0.4
n5 040 12.8+2.1
né6 0.7+0.1 14815
n7 0.8+0.2 157.7%6.1
n8 1.3%£0.1 254%34
n9 1.9+0.1 18419
n10 0.8+0.1 87.8%0
nll 1.1%£0.1 30.4%1.5

Note: SD - standard deviation
Source: compiled by the authors

Firstly, there is a significant variation in the perox-
ide values among the samples, which may indicate dif-
ferences in storage conditions or the age of the oils. The
sample n7 stands out as having an extremely high per-
oxide number, which may indicate a critical deteriora-
tion in its quality. Such high values can be the result of
prolonged exposure to light, temperature and oxygen,
which leads to accelerated oxidative degradation. At
the same time, the low acid number in samples n1 and
n5 indicates that these oils were better protected from
external factors or processed in a gentler way, which
preserves their original qualities. This makes them po-
tentially more valuable for use in food and other appli-
cations where oil quality is of paramount importance.
The GOST 5480-59 standard distinguishes between

two types of safflower oil, which are obtained from the
seeds of the Carthamus tinctorius plant (Standard of the
Republic of Kazakhstan No. 1428-2005, 2005). Type |
oil is produced directly from the seeds of a given plant
through expression or extraction processes.Type Il oil,in
turn, is made from the seeds of hybrid forms of the same
plant. These two types of oil can differ in their chemi-
cal composition and properties. A problem arises when
analysing purchased oil samples: the packaging usually
does not indicate whether the oil is derived from hybrid
or non-hybrid seeds. This makes it difficult to accurate-
ly assess their quality and compliance with standards.
In this regard, to analyse the fatty acid composition of
the samples under study, they were evaluated based
on the criteria for type | oil, as indicated in Table 2.

Table 2. Criteria for oil component content

FAMEs components

Content range (%)

C16:0 (palmitic acid) 4-10
C18:0 (stearic acid) 1-5
¥ saturated FAMEs (C16:0 and C18:0) 5-15
C18:1 (oleic acid) 8-21
C18:2 (linoleic acid) 68-83
¥ unsaturated FAMEs (C18:1 and C18:2) 76-105

Source: Standard of the Republic of Kazakhstan No. 1428-2005 “Edible Safflower Oil” (2005)
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From the table with the percentage of fatty methyl
esters in safflower oil, several important conclusions
can be drawn about the characteristics of this product.
Particularly noteworthy are the high values of linoleic
acid in each sample, which is typical for safflower oil
and makes it a valuable source of omega-6 polyunsatu-
rated fatty acids. This is of significant nutritional and
dietary importance, as omega-6 acids are substantial in
maintaining cardiovascular health and regulating me-
tabolism. In addition, the presence of up to 21% oleic
acid highlights the potential benefits of safflower oil
for improving blood cholesterol levels, as oleic acid is
a monounsaturated fatty acid that can help reduce LDL
cholesterol (bad cholesterol) without reducing HDL
cholesterol (good cholesterol). The presence of saturat-
ed fatty acids in smaller amounts, such as palmitic and
stearic acids, which make up a smaller proportion of
the total fatty acid composition, underlines the bene-
fits of safflower oil as a source of unsaturated fat. This
makes it the preferred choice for use in healthy foods
compared to oils rich in saturated fat. The combination
of fatty acids present in safflower oil reflects its poten-
tial utility in the food, pharmaceutical and cosmetic in-
dustries, where such characteristics can be particularly
valuable in creating products that promote health and
well-being. The quantitative analysis of fatty acid con-
tent in safflower oil samples was carried out using the
chromatography method. To determine the concentra-
tions, an approach based on measuring the peak areas
on the chromatogram was used, followed by comparing

the retention times with those of standard fatty acids.

The results presented in Table 3 show the fatty acid
composition analysis of safflower oil, demonstrating its
rich profile of mono- and polyunsaturated fatty acids,
which range from 67.10% to 99.53% of the total fat-
ty acid content. Among the fatty acids present in the
oil, linoleic acid (C18:2) occupies a dominant position
with a share ranging from 49.69% to 92.59%, which un-
derlines the outstanding potential of safflower oil as a
source of polyunsaturated fatty acids. Oleic acid (C18:1)
is also present in significant amounts, ranging from
4.09% to 40.34%, while saturated fatty acids such as
palmitic acid (C16:0) and stearic acid (C18:0) make up
only a small proportion, ranging from 0.54% to 12.01%
and from 0.05% to 1.35%, respectively. The saturat-
ed fat content of safflower oil ranges from 0.58% to
12.18%, making it an unsaturated fat source and a pre-
ferred choice for diets aimed at improving cardiovascu-
lar health. These data emphasise not only the quality
of safflower oil as a food product but also its useful-
ness in dietary nutrition, helping to maintain optimal
blood lipid levels and improve overall health. Howev-
er, despite the positive characteristics of the fatty acid
composition, the research results showed that none of
the samples met all the requirements for safflower oil
according to GOST 5480-59. This discovery highlights
the need for further study and adjustment of the butter
production and storage processes to ensure its compli-
ance with GOST 5480-59 (Standard of the Republic of
Kazakhstan No. 1428-2005, 2005).

Table 3. Analysis of fatty acid composition of safflower oil samples from the Republic of Kazakhstan

Fatty acids
(FAMES) nl n2 n3 n4 n5 né n7 n8 n9 nl0 nll
Palmitic acid 38 449 1081 452 304 677 059 19 1.88 21 247
(C16:0)
Stfg;'g,g)c'd 0.05 0.47 0.15 1.44 137 0.56 0.04 0.2 0.08 0.39 0.52
¥ saturated fatty
acids (palmitic ~ 3.85 496 1096  5.96 441 7.31 0.63 21 1.96 2.49 279
and stearic)
Oleic aCid 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
C1e) 409%  632% 37.34% 4034% 2451% 2317% 9.37%  883%  6.25% 12.29%  9.75%
L'”("legc,z‘;c'd 92.59% 87.73% 54.78% 49.69% 682% 69.52% 86.51% 82.61% 91.45% 84.81%  86.9%
Y unsaturated
LCs Oleicand  96.68% 94.05% 92.12% 90.03% 92.71% 92.69% 95.89% 91.44% 97.70% 9710% 96.65%

Linoleic)

Source: compiled by the authors

The study evaluated the efficiency of inhibition of
a-glucosidase enzyme activity using different concen-
trations of safflower oil samples. The a-glucosidase en-
zyme catalyses the final step in the hydrolysis of di-and
oligosaccharides to monosaccharides, which is key to
carbohydrate metabolism. The activity of this enzyme
directly affects the level of glucose in the blood after a
meal, thereby playing an important role in the patho-
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genesis of type 2 diabetes mellitus. The experimental
study tested the inhibitory effect of various concentra-
tions of vegetable oil on the activity of the a-glucosi-
dase enzyme, which plays a critical role in carbohydrate
metabolism by catalysing their breakdown into glucose.
Three different concentrations were used for this pur-
pose: 0.25 mg/ml, 0.5 mg/ml and 1 mg/mL. The results
showed that most of the oil samples had no significant




effect on the enzyme activity. However, an important
observation was made for sample No. 11, which at a
concentration of 0.25 mg/ml showed an inhibition of
7.41%2.75%,which is statistically significant, although
the clinical significance of this effect remains low.
When the sample concentration was increased to
1 mg/ml,the inhibitory effect decreased to 4.61+1.04%.
This decrease in efficiency can be explained by the
phenomenon of saturation of the enzyme’s reaction
centres. When a certain concentration is reached, the
enzyme’s active centres become fully occupied, and
further increases in oil concentration do not lead to an
increase in the inhibitory effect. It is also possible that
conformational changes in the enzyme structure oc-
cur, which may alter its ability to bind to the inhibitor,
which also affects the activity of a-glucosidase. This
highlights the potential of vegetable oils as sources
of natural inhibitors for enzymes involved in carbohy-
drate metabolism. These results may indicate the pres-
ence of certain bioactive components in safflower oil
that can modulate the activity of enzymes involved in
carbohydrate metabolism. This indicates the potential
of safflower oil as a source of natural a-glucosidase
inhibitors, as well as the efficacy and safety of this in-
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hibitor in the context of the treatment and prevention
of type 2 diabetes.

For comparison, acarbose, a well-known a-gluco-
sidase inhibitor, was used as a control standard. The
results for acarbose were significantly higher, reach-
ing 99.09 £0.49% at a concentration of 0.25 mg/ml,
99.74%0.03% at 0.5 mg/ml and 99.78£0.03% at 1 mg/
ml. These data highlight the high efficiency of acar-
bose compared to safflower oil, confirming its use in
medicine as a standard treatment for blood glucose
control in diabetic patients. Thus, the study confirmed
that safflower oil, except in one sample, has limited ac-
tivity in terms of a-glucosidase inhibition, and its use
as a potential inhibitor requires further research and
modification. The study evaluated the ability of saf-
flower oil samples to inhibit the activity of the a-am-
ylase enzyme, which is responsible for the breakdown
of complex carbohydrates in the body. The study deter-
mined that most of the oil samples did not have a pro-
nounced inhibitory effect on this enzyme at different
concentrations. The exception was sample No. 1, which
showed moderate inhibitory activity. At a concentration
of 1 mg/ml, this sample showed an inhibition of enzy-
matic activity at the level of 49.82%3.07% (Table 4).

Table 4. A-amylase activity inhibition values for each safflower oil sample and acarbose reference preparation

Sample Inhibition at 0.25 mg/ml Inhibition at 0.5 mg/ml Inhibition at 1 mg/ml
nl - 5.14£2.98 49.82+3.07
n2 13.16+3.69 - 793+0.92
n3 - 1471347 593201
n4 13.27+3.74 3.22+1.11 13.12+1.13
n5 8.15+3.74 4.64+1.89 -
né6 - 10.93+1.14 -
n7 7.70%3.05 5.10£1.26 20.08£8.20
n8 15.28+3.96 16.33+1.12 23.27£5.40
n9 26.99%5.23 19.88+2.56 2342%299
n10 38.36+3.47 17.22£V4.42 16.11+3.18
nl1l - 7.15+1.95 3.81+5.88

Acarbohydrate 88.17%6.19 93.58+7.11 95£0.04

Source: compiled by the authors

For comparison, acarbose, used as a reference in
the experiment, showed 95% inhibition of a-amylase
activity at the same concentration. This highlights the
high efficiency of acarbose as a pharmaceutical a-am-
ylase inhibitor, which is widely used to treat conditions
associated with carbohydrate metabolism. Final testing
of the quality of vegetable oils revealed various levels
of heavy metal contamination, which, despite exceed-
ing natural backgrounds, remain well below the estab-
lished safe limits. These indicators can have a variety
of health and environmental implications. For instance,
sample No. 4 was found to contain the highest level of
lead (Pb) at 0.065 mg/kg, which is 40% below the max-
imum permissible concentration. Despite compliance

with the regulations, even low levels of lead can ac-
cumulate in the body over time, potentially leading to
neurological and cognitive disorders, especially in chil-
dren. The content of cadmium (Cd), which was found in
the highest amount in sample No. 8 (0.009 mg/kg, 80%
below the maximum permissible levels), is also a cause
for concern. Cadmium is a carcinogen that can cause
kidney failure and bone disease if exposed for a long
time, even in low doses.

Arsenic (As), detected in samples No. 5 and No. 8
at 0.003 mg/kg (96% below the limit), is a toxic ele-
ment that can cause skin, lung and other organ cancer
with prolonged exposure. Nickel (Ni), present in sam-
ple No. 4 at 0.433 mg/kg, although within safe limits,
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can cause allergic reactions and aggravate respiratory
diseases at high concentrations. However, when the in-
formation received was clarified, it was found that in
Kazakhstan the average consumption of edible oil per
person is about 36 grams per day, which exceeds the
recommended norm of 29 grams by the World Health
Organisation (WHO) (2024). This level of consumption
of sunflower oil, which is one of the most popular in
the region, amounts to approximately 1,116 grams per
person per month. The predicted impact of this level
of consumption on human health was estimated based
on the average weight of an adult resident of Kazakh-
stan, which is 60 kg. The health risk assessment was
based on specialised formulas proposed by the WHO,
which consider both the quantitative and qualitative
characteristics of the oil consumed.

Based on these analyses of the heavy metal con-
tent of vegetable oils in Kazakhstan, these products
fully comply with the established safety standards.
Studies have shown that the concentrations of metals
such as lead, cadmium, arsenic and nickel in the human
body during consumption are well below the permissi-
ble limits. This indicates that there is no direct risk to
human health when eating these oils.

DISCUSSION

Despite the positive characteristics of the fatty acid
composition of the safflower oil samples under study,
none of them meet the requirements for this type of
product following GOST 5480-59. This points to the
need for further analysis and improvement of produc-
tion and storage processes to ensure compliance with
quality standards. However, to ensure a more objective
and relevant interpretation of the data obtained, it is
important to carry out a comparative analysis with the
results of similar studies conducted by other authors.
The study of the importance of safflower oil qual-
ity is a significant topic in modern science. One of
the key aspects in this area is to identify the positive
characteristics of this product, such as the high lev-
el of polyunsaturated fatty acids, in particular linoleic
acid. The study determined that quality problems with
safflower oil samples may be related to improper stor-
age or processing, which leads to a loss of nutritional
value. M. Nazir et al. (2021), Z. Samai et al. (2022) and
G. Lei et al. (2023), also addressed this aspect in their
research, emphasising the need to improve the quality
of safflower oil. This research has examined the effec-
tiveness of filtration in improving oil quality, as well
as the potential use of recycled products such as flax
fibre in this process. The authors believe that filtration
methods have a direct impact on the quality character-
istics and shelf life of the oil and optimise subsequent
refining processes. The introduction of efficient filtra-
tion methods can reduce production costs and improve
the overall quality of the final product (Yaheliuk et
al., 2024). The use of recycled products as filter media
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is an innovative approach that could be promising in
the context of improving safflower oil production pro-
cesses. Thus, this study not only confirms the impor-
tance of safflower oil quality and the need to improve
it but also opens new research methods based on in-
novative materials.

D. Alimi et al. (2022) and A.Khan et al. (2024), also
highlight the positive characteristics of safflower oil,
emphasising the importance of the fatty acid content of
vegetable oils and their suitability for certain applica-
tions, whether food, industrial or medical. The authors
note that the fatty acids present in vegetable oils (such
as oleic, linoleic, lignoceric, elaidic, palmitic, palmitoyl
and stearic) have significant pharmacological utility in
both human and animal medicine, which is indicative
of their high biological activity. Safflower oil has a fatty
acid composition that is similar to olive oil, especial-
ly due to its high content of oleic and linoleic acids,
as indicated by L. Ugolini et al. (2023) and Z. Najafi et
al. (2022). This makes it an affordable alternative to
olive oil, given its lower price for consumers. Safflower
oil is also valued for its ability to reduce low-density
lipoprotein (LDL), known as “bad cholesterol”, making
it a popular choice in countries such as North America,
Germany and Japan.

In addition, safflower oil causes minimal allergic
reactions compared to other oils, making it suitable for
use in cosmetic products. Studies by L. Xin et al. (2022)
and L. Chehade et al. (2022) on ovariectomised rats
showed that fat-free safflower seed powder can in-
crease good cholesterol levels. At the same time, aque-
ous and ethanolic extracts of safflower seeds affect the
level of triglycerides and total cholesterol in the blood
plasma. The flavonoids, lignans and serotonin deriva-
tives contained in safflower seeds play an important
role in modulating and lowering cholesterol levels, im-
proving the overall lipid profile of the body. This is es-
pecially important in conditions of estrogen deficiency.
Such polyphenolic substances also help prevent LDL
oxidation and the development of atherosclerosis, as
shown in in vitro and ex vivo studies. This indicates the
wide variety of uses and benefits of safflower oil, which
can be exploited in Kazakhstan when purchased sam-
ples meet all the standards.

A comparative analysis of the effectiveness of saf-
flower oil and the control standard, acarbose, in inhib-
iting a-glucosidase revealed a high activity of acarbose
compared to safflower oil, which confirms the advan-
tage of acarbose in this context. These results are in
line with the findings of Z. Tarasevitiené et al. (2023),
who evaluated the effect of safflower oil on a-amyl-
ase and a-glucosidase in the context of weight control,
noted the absence of an inhibitory effect in oil sam-
ples. The author also noted that the possible impact of
low-quality oil samples on enzyme activity highlights
the need for stricter quality control of safflower oil in
further research and clinical practice.




A review of the studies by D. Deliorman Orhan et
al. (2022), L. Song et al. (2023) and S. Liu et al. (2023)
determined that these were the first to evaluate the
quality of safflower oils on the Turkish market and
their effectiveness in terms of two enzymes: a-amyl-
ase and a-glucosidase. As part of the work, 9 samples
of safflower oil purchased on the local market were
analysed and found not to meet the quality criteria
set by the European Pharmacopoeia. The study found
low oleic acid and high linoleic acid content, suggest-
ing that oleic acid is oxidised to linoleic acid due to
production and storage conditions. These results raise
concerns about the methods of production and storage
of butter, which may affect its quality. The analysis of
the inhibitory effect of oils on the enzymes a-amylase
and a-glucosidase showed that these oil samples do
not have a significant effect on weight management
by inhibiting the enzymes involved in carbohydrate di-
gestion. This study highlights the need to improve the
quality standards and storage conditions of safflower
oil to meet pharmacopoeial requirements and achieve
the desired health benefits. These results are directly
confirmed by the study of safflower oil quality in the
Republic of Kazakhstan, which makes these studies
more objective and further points to the problems of
state regulation of the standards of producers and the
rules for preserving this product.

Before that, the American researcher M. Hugar et
al. (2023) studied the effect of methanolic extracts of
safflower seeds on the activity of the a-glucosidase
enzyme and identified compounds such as N-p-couma-
roylserotonin and N-feruloylserotonin, which showed a
more pronounced inhibitory effect compared to acar-
bose. However, it is important to note that the chemi-
cal composition of secondary metabolites in seed oils
may differ from that found in extracts. Another study
by G. Sousa et al. (2022) showed that oleic and linoleic
acids effectively inhibit glucosidase activity, which
may be associated with the potential to combat dia-
betes. However, an important aspect is the degree of
oxidation of oils and the compliance of their fatty acid
content with the desired standards, which affects the
assessment of their effectiveness and safety of use. It
is this aspect, studied in the above research, that high-
lights the importance of these indicators. Having an-
alysed the work of American scientists, it is possible
to state that it was the discrepancy in acid content
standards that in most samples did not give positive
inhibition of amylase and glucosidase.

The study, which focused on the quality of edible
oils, paid particular attention to the determination of
acid and peroxide numbers, which are important for
assessing the degree of freshness and oxidative sta-
bility of oils. S. Shinde et al. (2023) and P. Kadirvel et
al. (2023) determined that the acid number measures
the amount of free fatty acids and in this study, it did
not exceed the maximum permissible level of 0.6 mg
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KOH per gram of oil, which is in line with WHO stand-
ards. This indicates good quality in terms of freshness.
As for the peroxide number, which reflects the con-
tent of primary fat oxidation products, its values for
the samples studied were also within the permissible
limits and ranged from 1.09 to 2.43 mEqg/kg. These in-
dicators confirm that the oils have not undergone sig-
nificant oxidation, which is an indicator of their quality
and stability. The average peroxide values were com-
pared with the WHO and Food and Agriculture Organ-
isation international standards of 10 milli equivalents
of active oxygen per kilogram of oil and found to be
in line with these requirements. The lower peroxide
values in some samples may be due to their high satu-
ration with fatty acids, which contributes to oxidation
resistance. In addition, the presence of antioxidants
such as vitamin E in oils also contributes to improv-
ing their oxidative stability and extending their shelf
life (Yaheliuk & Didukh, 2022). Thus, the data obtained
indicate the high quality of the oils under study, con-
firming their safety and nutritional value for the con-
sumer. This may explain the elevated acid value in the
safflower oil samples from Kazakhstan, with normal
peroxide values.

Following the analysis of the fatty acid compo-
sition of safflower oil by S. Pelaracci et al. (2022) and
M. Tongug et al. (2023), among saturated fatty acids,
palmitic acid (C16:0) has the highest concentration of
6.02%, followed by stearic acid (C18:0) with 2.37%. Oth-
er saturated fatty acids, including lauric (C12:0), myris-
tic (C14:0), heptadeconic (C17:0), arachidonic (C20:0),
behenic (C22:0) and lignoceric (C24:0) are present in
much smaller amounts, amounting to 0.07%, 0.11%,
0.04%, 0.37%, 0.23% and 0.12% respectively. In the
total fatty acid balance of safflower oil, saturated fat-
ty acids make up 9.61%, while unsaturated fatty acids
make up 90.33%. Among the unsaturated fatty acids,
monounsaturated fatty acids account for 14.07%, and
polyunsaturated fatty acids (PUFAs) dominate 76.26%.
This emphasises the high proportion of PUFAs in saf-
flower oil, which makes it attractive for diets aimed at
improving cardiovascular health and lowering choles-
terol levels. In addition, the ratio of polyunsaturated
to monounsaturated fatty acids in an oil expresses its
nutritional value and stability. However, it is worth not-
ing that an important aspect when choosing an oil is
the ratio of omega-6 to omega-3 fatty acids, where in
safflower oil omega-6 makes up a significant percent-
age (76.22%), which requires attention when includ-
ed in the diet to prevent an imbalance of these acids
(Kachanova et al., 2023). These studies show both the
indicators already tested in the above study and new
ones. The ratio of omega-6 to omega-3 fatty acids has
an important influence on the quality of safflower oil
and should also be considered by producers.

Safflower oil has a variable composition and nutri-
tional profile, which depends on the growing conditions,
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soil type and safflower varieties used. S. Adewinogo et
al.(2021) and M. Ruyvaran et al. (2021) state that the fu-
ture use of safflower oil in the food industry will depend
on the successful selection of high-yielding plant varie-
ties. Currently, safflower oil is actively used in the pro-
duction of margarine and universal shortening for bak-
ery products, as well as in emulsified shortening used
for making cakes. Due to its high content of oleic and
linoleic acids and antioxidants, safflower oil is an excel-
lent choice for replacement in infant formula. Its natural
flavour and mildness also make it a popular ingredient
in seasonings, flavourings and dried fruits. These studies
once again point to the great importance and breadth
of application of safflower oil, if properly produced,
which can significantly expand the production and ex-
port of this commodity in the Republic of Kazakhstan.

CONCLUSIONS

In this study, the quality of safflower oil was analysed
using several indicators, including acid and peroxide
numbers, as well as the ability of oils to inhibit the
activity of a-glucosidase and a-amylase enzymes. Of
the eleven samples, only two (n1 and n5) met the acid
number standard, falling below the threshold of 0.5.
This indicates that the samples are in good condition
and have been stored correctly. The average acid num-
ber of the other nine samples is 0.75, which is higher
than normal and indicates oxidation due to improper
storage or processing. The study also determined that

the samples meets all the requirements for fatty acid
composition set out in GOST 5480-59 for safflower oil.
This highlights the need for further study and adjust-
ment of the oil production and storage processes.

The ability of the oil samples to inhibit the activ-
ity of the a-amylase enzyme was evaluated, and only
sample No. 1 showed moderate inhibitory activity. This
indicates the potential for safflower oil to be used as
an inhibitor, but further research is needed to improve
its effectiveness. Studies on the content of heavy met-
als in vegetable oils have shown that the products
fully comply with established safety standards, which
significantly reduces the health risks associated with
the use of these oils. The study’s shortcomings include
the lack of long-term monitoring of oil quality changes
over time, which could provide a more complete pic-
ture of its stability and resistance to oxidation. It is also
worth noting that there is no comparison with other
types of oils, which could help determine the unique
properties of safflower oil. Lastly, although the effect
of oil on enzyme activity has been investigated, the
data was limited to only two types of enzymes, leaving
questions about its potential impact on other key as-
pects of metabolism. Prospects for further research are
based on the need to improve the production and stor-
age processes of safflower oil to achieve compliance
with pharmacopoeial standards, as well as to further
study its potential use as an amylase inhibitor.

only samples nl1 and n4 met the peroxide standard, ACKNOWLEDGEMENTS
which indicates a low level of oxidation and preserva-  None.
tion of the oil’s taste. This makes these samples pref-
erable for consumption. However, despite the positive CONFLICT OF INTEREST
aspects in terms of acid and peroxide numbers,none of  None.
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AHoTauia. MeTol [aHOro AOCHIAKEHHS OyB aHani3 AKiCHMX XapakTepucTuk cadnopoBoi Onii, BKAKYHO 3 i
XMPHOKUCNOTHUM NpodineM, a TakoX BU3HAYEHHAM KMUCIOTHOTO i MepPeKMCHOro yucen. JocniakeHHs Takox 6yno
CNpsIMOBaHe Ha BMBYEHHS PIiBHIB BAaXXKMX MeTaniB B ONii Ta OLiHKY ii moTeHuiany K iHribiTopa depMeHTaTUBHOI
AKTUMBHOCTI o-aMifnasu Ta o-roKo3naasu. Y LboMy LOCHIAKEHHI 3aCTOCOBYBaNM CTaHAAPTU30BaHI MeToaM Ans
aHani3y XMPHOKUCNOTHOIO Cknaay cadpnopoBOi Oflii, BUKOPUCTOBYOUM CTAaHAAPTHY CyMiw meTunosux edipis 37
XUPHUX kucnoT (Supelco™ 37 Component FAME Mix), Wwo [ano 3Mory AOCArTM BUCOKOT TOYHOCTI Y BM3HAYEHH
CKNamy XMpHUX Kncnot. DisnyHi BnactueocTi cadnopoBoi onii, ak-oT ryctuHa (0.94) i nutoma Bara (0.917), 3anexatb
Bifl XMPHOKWMCNOTHOrO cKknafy i temnepatypu. KoediuieHT 3anomneHHs, BU3HavyeHuit Ha piBHi 1.469, ponowmir
OLHUTM 3MiHM B HEHACMYeHOCTi Ta B'a3KOCTi onii (45.6 cll). NapameTtpu konbopy (cBiTnoTa 45.24, yepBOHO-3e/1€HA
WwKana-2.87,x0BT0-6/1akmnTHa wkana 21.04) niaTBepaxyoTb CNPaBXHICTb oNlii. Pe3ynbTati rasoxpomartorpadiyHoro
aHanisy nigTBepAMAN HEBIAMOBIAHICTb CKAAAy 3pa3kiB BUMOram CTaHAapTy. [JocnifxXeHHs TakoX BK/IOYAN0 OLiHKY
iHribyrouoi akTMBHOCTI cadnopoBOi onii NpoTM (QepMeHTIB a-aMinasu Ta o-rKo3naAa3n, Ae OAMH 3i 3paskiB
NPOLEMOHCTPYBAB 3HAYHE MPUIHIYEHHS aKTUBHOCTI Q-aMinasu, a iHWWM — a-FIOKO3MAA3M, BKA3YOUYM HA IXHE
NoTeHLiiHEe 3aCTOCYBaHHSA K HaTypaibHUX iHribiTopiB. KOHTpoib 6e3nekn 3a BMIiCTOM BaXKKMX MeTaniB 3aCBifuuB,
LLLO PiBHI CBMHLO, KAAMIO TA iHLWMX TOKCUYHMUX €IEMEHTIB B OJ1ii 3HAYHO HMXKYI 33 4ONYCTUMI MeXi, NiATBEPOXKYOYU
ii 6e3neky g BX1BaHHS. LLi faHi BKA3yHOTb Ha Te, LLLO, HE3BAXKak0UM Ha HEBIAMOBIAHICTb eAKMX 3pa3kiB cadiopoBoi
onii CTaH#APTaM 3a XXMPHOKMUCIOTHUM CKNAAO0M, ii NoTeHLian 9K HaTypanbHOro iHribitopa pepmeHTiB i 6e3neka 3a
BMIiCTOM BaXXKMX METaNiB BiAKPUBAIOTb MEPCNeKTUBM AN ii NOAANbLIOI0 AOCAIAKEHHS Ta MOX/IMBOI ONTUMI3auii
BMPOOHMYMX NPOLIECB

KntouoBi cnoBa: KUCNOTHE YMCNO; KUPHI KUCIOTU; BMICT BaXKKMX METaNiB; iHribyBaHHS; AepXKaBHUIM CTaHAAPT; BMIiCT
BaKKMX MeTanis
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