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In the group of fat-soluble vitamins, vitamin D is one of the most relevant objects, that is why the problem of its technology
optimization is under consideration. In general, there is a number of ways to obtain this substance, although it is not pro-
duced in Russia yet.

The aim of the study was to select optimal process conditions to increase the efficiency of protein transformation with the
isolation of a fat fraction containing fat-soluble vitamin D.

Materials and methods. Various types of fish and the vitamins contained in them are described as the main research models.
Variants of technological solutions have been considered: the possibility of using extraction to obtain the vitamin D substance
has been tested. Classical maceration and intensifying maceration have been used; the circulating extraction method and the
alkaline hydrolysis method have been applied. The yield of the target product has been determined by HPLC.

Results. Methods for obtaining the substance of fat-soluble vitamin D from fish raw materials have been considered in detail.
The optimal technological characteristics of the vitamin release by alkaline hydrolysis with a 12.5% decrease in the concen-
tration of the hydrolyzing alkaline component — potassium hydroxide — has been established; that concentration ensured the
maximum yield of the fat fraction containing vitamin D.

Conclusion. The use of the resulting substance makes it possible to develop domestic standard samples applicable both in
the pharmaceutical field and in the field of technical regulation.

Keywords: fat-soluble vitamins; reference standard; alkaline hydrolysis; maceration; circulating extraction; lean manufac-
turin; raw material processing

Abbreviations: HPLC — high performance liquid chromatography; RS — reference; RF — Russian Federation; BASs — biologically
active substances.
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B cTaTbe paccmaTpuBaeTca BONPOC ONTUMM3aLLMK TEXHOIOMMM NPOU3BOACTBA KMUPOPACTBOPUMOro BUTaMuHa D — ogHoro u3
Hanbonee BocTpeboBaHHbIX 06BLEKTOB AaHHOM rpynmbl. [lOKa3aHo, YTO B LLE/IOM CYLLECTBYET pAgL cnocoboB nonyvyeHusa sTon
cybcTaHumm, XoTa B Poccmum oHa Noka He Npor3BoAMTCA.

Lienb. Boibop onTMManbHbIX YCNOBUI TEXHONIOTMYECKOTO NpoLecca A/1A NoBblWeHUA 3GPeKTUBHOCTM TpaHchopmaumn ben-
KOB C BblesieHeM GPaKLLUN KUPA, COAEPKALLEN KMPOPACTBOPUMBbIN BUTamMUH D.

Matepuanbl 1 meTogbl. B KauectBe OCHOBHbIX MoZeNeil nccanefoBaHUA ONUCaHbl PasivyHble BUAbI Pblbbl 1 BUTAMUHBI,
cofeprKalimeca B HUX. PaccMoTpeHbl BapuaHTbl TEXHONOMMYECKUX pPeLLleHnid: anpobrupoBaHa BO3MOXKHOCTb MCMNOAb30BaHMA
3KCTPaKLMK ANA NoayvyeHusa cybctaHummn BuTamuHa D. Bbliv MCNonb30BaHbl KNaccMyeckana malepauma u malepaumsa ¢ UH-
TeHCUUKaLMEN, NPUMEHEH METOZ LUPKYIALUOHHOM SKCTPAKLUM U METOZ, LLeI0YHOro rmapoansa. Beixos uenesoro npo-
LYKTa onpegensany metogom BIKX.

Pe3ynbratbl. MogpobHO paccMOTPEHbl METoAbl NOAYYeHUA CyBCTaHLMM }KMPOPACTBOPMMOro BUTaMMHA D M3 pblBHOrO Cbi-
pbA. YCTaHOBAEHA ONTMMa/IbHAA TEXHONIOTMYECKAA XapaKTEPUCTUKA BbICBODOXKAEHNA BUTAMMHA METOLOM LLLEIOYHOTO FuAa-
pPOIM3a CO CHUMNKEHNEM KOHLLEHTPALMM TMAPOANIYIOLLErO WENOYHOr0 KOMMNOHEHTA — Kanua ruapokeuaa go 12,5%, kotopbii
1 obecneynn MakCMManbHbIN BbIXOA XKMPOBOM GpaKkLmm, coaepKalleit BuTamuH D.

3aKkntoueHue. NMpumeHeHMe Noay4eHHOM cybCcTaHLMKM AaeT BO3MOMKHOCTb Pa3paboTKM OTeYeCcTBEHHbIX CTaHAAPTHbIX 06pas-
L,0B, NPUMEHAEMbIX KaK B GapmaLeBTUYeckon chepe, Tak 1 B chepe TEXHUYECKOro peryIMpoBaHus.

KntoueBble €n0Ba: }XMPOPaCTBOPUMbIE BUTAMUHbI; CTaHAAPTHbIN 06paseL; WenoYHON rMapoans; MauepaLums; LMpKyaaLm-
OHHafA 3KCTPaKLMA; beperkanBoe NPoOn3BOACTBO; NepepaboTka CbipbA

Cnu1CcoK coKpaleHui: BIXKX — BbicokoadpdeKTMBHAA KUAKOCTHAA xpomaTorpadua; CO — cTaHgapTHbIM obpasel,; PO — Poc-
cuickan Pepepauma; BAB — b1onornyeckmn akTUBHbIE BeLLeCcTBa.

INTRODUCTION

The problems related to obtaining and properly us-
ing fat-soluble vitamins are constantly relevant. First of
all, they concern the use of these vitamin complexes in
the pharmaceutical, cosmetic and other fields, as well
as the saturation of the modern pharmaceutical market
with them [1, 2]. At the same time, technological direc-
tions for the production of fat-soluble vitamins including
their standardization are involved; for this process, of-
ficial reference samples (RSs) are necessary. Obtaining
appropriate RSs requires technological optimization,
especially in relation to the development of domestic
technologies, which implies the possibility of their im-
port substitution [3].

Severization of requirements for the purity of target
products have increased the importance of standardiza-
tion methods, both in the creation and production of
medicines, and the products used in the fields related
to pharmacy. Therefore, the use of RSs, the role of which
in standardization is undeniable, has a wide range [4, 5].

However, at present, foreign models dominate in a
pharmaceutical analysis of many pharmacologically sig-
nificant objects in the Russian Federation (RF); that is a
gap in the relevant regulatory framework. This is due to
the lack of necessary technological solutions in the pro-
duction of reference samples, which are still selective in
nature in the Russian Federation [6, 7].

Despite a wide range of vitamin D dosage forms and
rather a high demand for it in medical practice, vitamin
D is one of such multidisciplinary objects [8, 9]. How-
ever, as a substance on the domestic market in Russia,
vitamin D has not been produced yet.

Fat-soluble vitamin D is presented in the form of
products for various purposes, however, its content in
them is not high, and its stability is limited [10-12]. The
existing technology for obtaining vitamin D can be divi-
ded into two main stages: the extraction of fat and vita-
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mins from raw materials, and the increase in the concen-
tration of vitamins in the resulting fraction. Herewith,
the volume of vitamin concentrates production largely
depends on the first stage of fat extraction, which en-
sures the vitamin production from the starting raw ma-
terials [9, 13]. Currently, the main source of obtaining
the substance under study is fish industry [14-16].

Given that the main source of fat-soluble vitamins
is fish liver, there is a problem of creating an appropri-
ate technology with an emphasis on a lean production
(waste minimization with maximum resource saving of a
valuable raw material source) [17, 18].

Currently, obtaining food products from cultivated
fish species is widely practiced. Such target products are
marked by a high content of biologically active substanc-
es (BASs), as well as macro/microelements and vitamins
[19-21].

The existing methods for obtaining fats can be di-
vided into 4 main groups (Fig. 1). Combining these pro-
cesses to maximize fat recovery remains possible. The
choice of the recovery method depends on the starting
raw materials and the expected target product.

The blocks presented in Fig.1 justifiably single out
hydrolysis as the main production method and em-
phasize its diversity in the form of varieties. Hydrolysis
is actually divided into three types: acidic, alkaline and
enzymatic. To obtain a fat fraction with a high content
of the fat-soluble vitamins group, the most effective are
alkaline and enzymatic methods [22-24].

According to the literature data [25-27], the fat
recovery by hydrolysis has the highest yield, since part
of it is in the cells in a free form, and another part is
combined with other components of the cell. The total
amount of fats cannot be extracted from the cell with
only solvents [19, 28, 29].

The authors decided to fix upon alkaline hydroly-
sis. In the framework of enzymatic hydrolysis, there are
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some limitations — for processing of all types of secon-
dary fish production raw materials, it is impossible to
isolate a single enzyme, which increases the economic
costs for obtaining the substance of fat-soluble vitamin
D. This fact determines the choice of alkaline hydrolysis
method as the most economically favorable.

To use hydrolysis of protein catalysts, biotransfor-
mation processes can be carried out under milder con-
ditions, and the formation of chemically active effluents
can be excluded [22]. Alkaline hydrolysis can be used to
even process depleted raw materials, herewith preser-
ving natural antioxidants [25].

In raw materials, hydrolysis undoubtedly occurs un-
der the action of their own enzymes (it is the so-called
autoproteolysis) but the efficiency of this method is very
low, and therefore, it is necessary to increase efficiency,
which means finding optimal production conditions [22].

THE AIM of the study was to select optimal process
conditions to increase the efficiency of protein trans-
formation with the isolation of a fat fraction containing
fat-soluble vitamin D.

To achieve this aim, it was necessary to solve the fol-
lowing tasks:

1. Determination of the chemical composition of pri-
mary and secondary raw materials;

2. Choosing the optimal method for extracting the fat
containing a group of fat-soluble vitamins;

3. Quantitative determination of the fat-soluble vita-
min D content in the resulting substance;

4. Comparative analysis of the obtained results.

MATERIALS AND METHODS

Objects

The main objects of obtaining the substance of
fat-soluble vitamin D were fish objects purchased from
the Russian fish processing factory JSC “Biserovsky Fish
Processing Fish Factory” and LLC “First Rybny”. The raw
materials were delivered frozen at the storage tempera-
ture of —18°C. The acquisition of the research objects
was carried out through the branded stores network of
LLC “First Rybny”, Ekaterinburg, Russia.

The following types of fish were used as a source of
obtaining the target object:

Chun salmon (Oncorhynchus keta) is the most com-
mon member of the salmon family.

It contains vitamins PP, A, H, B, (thiamine), E, B,, D,
B, etc.; trace elements: primarily zinc and iron, molyb-
denum, fluorine, chromium, nickel; macronutrients: po-
tassium, chlorine, phosphorus, sodium, calcium, magne-
sium; protein, lecithin, polyunsaturated fats [10, 30, 31].

Humpbacked salmon (Oncorhynchus gorbuscha) is
the most common representative of the salmon family.

It contains vitamins A, C, E, D, B, B,, PP, omega-3
saturated acids, phosphoric acid, pyridoxine, calcium,
magnesium, phosphorus, sulfur, potassium, copper, io-
dine.

Coho salmon (Oncorhynchus kisutch) is a large salm-
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on that lives in the North Pacific Ocean. In Russia, coho
salmon is most abundant in the rivers of the Kamchatka
Peninsula [10, 30, 31].

Its meat is rich in vitamins and minerals, as well as
in saturated fatty acids, including Omega-3 [10, 30, 31].

Brook trout (Salmo trutta) is a representative of the
salmon family and is in great demand. Currently, there is
a tendency to increase the population. Its composition
is rich in microelements and saturated fatty acids [10,
30, 31].

Flatfish (Pleuronectidae) is a representative of the
flounders’ family. It has a medium fat content, but it is
low in calories. It contains a lot of lipids. By eating flatfish
meat, you can replace artificial and very expensive vita-
mins, which are useful because omega-3 and omega-6
fatty acids have been added to their composition. It is
also an excellent source of natural protein [10, 30, 32].

Mackerel (Scomber) is a pelagic schooling fish from
the mackerel order. This is one of the most popular fi-
shes with fatty (62%) and tender meat. The protein con-
tent in its composition is 38%. Mackerel meat is also rich
in saturated, polyunsaturated and monounsaturated
fats; water, ash; cholesterol; vitamins of groups A, C, E,
D, B, B,, PP, etc.; minerals: iodine, phosphorus, cobalt,
zinc, magnesium, sulfur, chlorine, manganese, sodium,
molybdenum, copper, calcium, iron, fluorine [10, 30, 32].

Materials used

At the sample preparation stage were used:

Sterile bags — microbiological bags for sampling
(Russia, LLC “LabDepo”).

Inert gas — nitrogen, high purity grade, 1st grade, JSC
“Linde Uraltekhgaz”.

The stage of selecting the object under study:

Anhydrous sodium sulfite, chemically pure, OO0
“MZHR” is in the form of colorless crystals, the salt of
sodium and sulfurous acid. Sodium sulfite is dissolved
in water forming crystalline hydrates. Sodium sulfite is
a strong reducing agent. It is used for dehydration in the
hydrolysis process.

Ascorbic acid, pure, imported from China (Shandong
Luwei Pharmaceutical Co., LTD), is an organic compound,
the main water-soluble antioxidant.

Potassium hydroxide, pure, imported from France, is
an alkaline solution of various concentrations.

Distilled water according to GOST R 58144-2018
“Distilled water. Specifications”, Russia, FBI “URALTEST”.

Ethyl alcohol (95%, Russia, LLC “KONSTANTA-PHARM
M”) is a component of the hydrolyzing solution.

Extractants, solvents are: hexane-n (chemically
pure, Russia, EKOS-1 JSC), petroleum ether grade 40-
70 (high purity, Russia, JSC “EKOS-1"); isopropy! alcohol
(chemically pure, Russia, LLC “KhromLab”).

Analytical research stage:

State Standard Samples (SSSs) RS 11779-2021 for
the composition of vitamin D3 (cholecalciferol), Russia,
FBI “URALTEST”.
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Cholecalciferol >98% (HPLC), batch number
SLCJ0796, manufactured by Sigma-Aldrich, USA.

Isopropyl alcohol (chemically pure, Russia, LLC
“KhromLab”).

The mobile phase is presented by bacetonitrile:-
methanol (20:80). Acetonitrile, chemically pure, Russia,
JSC “ECOS-1”; methanol, chemically pure, Russia, JSC
“VEKTON”".

Equipment

Electric pharmacy water distiller DE-4-02 “EMOQ”,
model 737, factory No. 2506, manufactured by CJSC
“Electrooborudovanie”. Country of manufacture: Russia.

Laboratory straight blade knife 150 mm made of
stainless steel. Country of manufacture — China.

Rotary evaporator IKA RV 10 auto pro V-C. Country
of manufacture — Germany, IKA®-Werke GmbH & Co.,
with an automatic evaporating temperature detection,
1500 cm? cooling surface condenser.

Dispersant IKA T 10 basic Ultra. Country of manufac-
ture — Germany, IKA®-Werke GmbH & Co., with a speed
range from 8000 to 30000 rpm.

Ultrasonic machine, model 1510E-DTH. Country of
manufacture — Switzerland, Branson Ultrasonics Corpora-
tion, with an industrial transducer at 40 kHz with a fre-
quency regulator for optimizing ultrasonic exposure and a
temperature heating regulator with an accuracy of + 4°C.

Soxhlet fat extraction apparatus is used for the ex-
traction of non-volatile substances from solid samples
with the help of volatile solvents. Country of manufac-
ture: Russia, the company is OO0 “EcogeosProm”.

Chromatographic experiments were carried out on
a “Stayer M” liquid chromatograph, Russia, OO0 “NPO
Akvilon”, Manufactory No. 0950 (Verification certificate
No. C-CE/19-01-2022/126041432 dated 19.01.2022
to 18.01.2023) with a spectrophotometric detector.
The calibration was carried out using standard solu-
tions of fat-soluble vitamins prepared according to
GPM.1.2.3.0017.15%. Fat-soluble vitamin D was detected
at the wavelength of 265 nm [33, 34].

Chromatography conditions

A mobile phase was carried out with: methanol —
acetonitrile (80:20); Luna C18(2) chromatographic col-
umn 250 mm x 4.6 mm, the flow rate was 1.0 ml/min,
the column temperature was 25°C. The detection was
carried out with: a spectrophotometric detector with
the wavelength of 265 nm, the injection volume of 20 pl;
the analysis time was 12 minutes.

Study Design
First, the basic test was carried out in accordance
with GOST 7636-85 “Fish, marine mammals, marine in-

! State Pharmacopoeia of the Russian Federation XIV ed. Vol. 1-4.
2018. Available from: http://www.femb.ru/femb/pharmacopea.php.
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vertebrates and products of their processing. Methods
of Analysis”2. Thus, there was a collection of standard-
ized baseline data on the content of fat and vitamin D in
the resulting product. Further on, technological research
concerned the choice of optimal process conditions.

Brook trout (Salmo trutta trutta) was chosen as the
main object of the study. This species is cultivated, rela-
tively inexpensive and available.

Traditional maceration

and ultrasonic intensifying maceration

Well-known extraction methods were used as pre-
liminary methods for obtaining the target product [35,
36].

To carry out the process of extracting vitamin D,
the cooled raw material was subjected to manual grind-
ing with a laboratory knife to 1.5 x 1.5 cm, as well as
machine micro-grinding in an inert gas environment to
particles with the size of about 0.5 x 0.5 mm, and ho-
mogenization. The inert medium was provided during
the dispersion process by a continuous nitrogen (espe-
cially pure, 1st grade, JSC “Linde Uraltekhgaz”) supply
to the tank. Homogenization was carried out by packing
into sterile bags (LLC “LabDepo”) with blowing off the
test material by gas for 20-30 seconds, and subsequent
sealing. Considering that a large amount of waste re-
mains in the mass during machine processing (cleaning)
at the enterprise, these products were not removed,
but homogenized in the total mass. Grinding was car-
ried out using a high-performance disperser IKA with an
electronic speed control of the processed object under
study. The rotational speed of the dispersing element
was maintained in the range of 8000-8200 rpm for 10
minutes. Next, the resulting mass was placed in a Micro-
Bio BA-400 laboratory bladed homogenizer and subjec-
ted to the homogenization process for 30 min.

The prepared minced fish was subjected to macera-
tion with organic solvents: isopropyl alcohol (chemically
pure, LLC “KhromLab”), hexane-n (chemically pure, JSC
“ECOS-1"), petroleum ether (grade 40-70, pure, JSC
“ECOS-17).

Maceration was carried out in two ways: intrinsic
maceration and intensifying process maceration. The
intensification of the process was carried out by using
a mixing device at 800 rpm, and the ultrasonic influence
was also used to enhance the effect on the object.

The used ultrasonic generator carried out the im-
pact on the object under study by fluctuations of high
and low pressure. Under the influence of low-pressure
waves on the liquids, a cavitation effect developed; that

2 GOST 7636-85. Fish, marine mammals, marine invertebrates and
their derivatives. Methods of analysis. M. Standartinform, 2010. 126
p. Russian
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contributed to an increase in the release of the fat frac-
tion from the biological object resulting in the formation
of a large number of microscopic bubbles or cavities.

During maceration, various organic solvents were
used: isopropyl alcohol, hexane and petroleum ether.
The solvent volume was determined by random selec-
tions. Three series of the extracts were carried out with
volume fractions of each extractant: object/extractant
1:1, 1:2 and 1:3 and so on for all the abovesaid compo-
nents.

Circulating extraction

Circulating extraction was carried out using a Soxhlet
apparatus. The extraction was carried out with petro-
leum ether until a complete depletion of the raw materi-
al. The completeness of the extraction was controlled by
applying a drop of the solvent flowing from the extractor
onto the watch glass until there was no greasy trace on
the latter after the solvent had evaporated.

The resulting fat fraction was subjected to a prelim-
inary assessment in accordance with GOST 8714-2014
“Fat from fish and aquatic mammals. Specifications”3.
The obtained samples of fat fractions were within the
limits established in the regulatory documentation for
all used fish species. Further on, the obtained samples
were tested for the content of vitamin D in them in ac-
cordance with GPM 1.2.3.0017.15 “Methods for quanti-
tative determination of vitamins”*.

Isolation of vitamin D by alkaline hydrolysis

Modes of alkaline hydrolysis are determined by the
following conditions: temperature, the amount of added
water and alkali.

The lack of water slows down hydrolysis of the pro-
tein part, but at the same time, hydrolysis of fat is acti-
vated. An excess of water also causes an increased con-
sumption of alkali with an increase in capacity.

With regard to the temperature regime, two-stage
heating with a two-stage introduction of an alkali solu-
tion is considered the most acceptable. This is due
to the fact that heating the raw mass immediately to
80-90°C coagulates the protein; as a result, the hydro-
lysis time is prolonged and the alkali consumption is
increased to destroy the densified protein part. The
introduction of the entire alkaline solution at the be-
ginning of the process leads to a more intensive hydro-
lysis of the fat, and not the protein part. The fatty acids
released in this process also react with alkali and form
soaps. This increases the consumption of alkali and
forms a stable emulsion.

3 GOST 8714-2014. Edible fat from fish and aquatic mammals.
Specifications. M.: Standartinform, 2019. 7 p. Russian
4 State Pharmacopoeia of the Russian Federation XIV ed. Vol. 1-4. 2018.

Tom 10, Beinyck 3, 2022

With an excess of alkali, hydrolysis is obvious, which
directly relates to the quantitative yield of the vitamin.
However, due to the ongoing saponification, it can be re-
duced, since soaps are formed on the matrix, as a result
of which the vitamin is sorbed. There is an adsorption of
the vitamin by the formed soap and an increase in losses
during the refining of the fatty fraction of the hydroly-
sate [37].

Technology for vitamin D

production by alkaline hydrolysis

At the first stage, the mass fraction of fat in the test
object was assessed. The mass fraction of fat was deter-
mined in accordance with GOST 7636-85°. This indicator
was necessary for further alignment of the hydrolysis
process.

Before the hydrolysis beginning, 50.0 g of fine-
ly minced brook trout (Salmo trutta) was placed in a
round-bottom flask with a capacity of 250-500 ml. The
heating process was carried out in the water bath in two
stages. The first heating stage continued up to 40°C,
which contributed to the release of fat, most of which
passed from a finely dispersed state into a coarse dis-
persed state, which slowed down saponification. Next,
100 ml of rectified ethyl alcohol (or methyl alcohol), 1.0
g of an antioxidant (ascorbic acid), 40 ml of a potassium
hydroxide solution were added to the heated minced
meat. The mix was heated for 15-45 minutes in the wa-
ter bath with a reflux condenser at the temperature of
80°C, which accelerated the hydrolysis process and, as
a result, destroyed the protein. The main part of the fat
phase was separated from the protein and was in the
upper part of the hydrolyzed mass, the lower layer was
the hydrolyzate, which contained polypeptides, amino
acids, minerals and soaps.

After hydrolysis, the contents of the flask were
quickly cooled down to (20+5°C) and quantitatively
transferred to a separating funnel. The flask was rinsed
with water, the volume of which was equal to the vol-
ume of ethanol added, and then the water was poured
into the same funnel. Fat-soluble vitamins were extract-
ed with petroleum ether or n-hexane for 2 min.

The extraction was repeated 3—4 times with the por-
tions of the extractant equal to 100 ml. The combined
extract had been washed free from alkali 3—4 times with
150 ml portions of water until the alkaline reaction of
the wash water disappeared.

To remove the residual amounts of water, the ex-
tract was filtered through a filter with 2-5 g of anhy-
drous sodium sulfate (chemically pure, LLC MZKhR).
Next, the extract was evaporated to dryness using a ro-

5 GOST 7636-85. Fish, marine mammals, marine invertebrates and
their derivatives. Methods of analysis. 2010.
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tary evaporator at the temperature not exceeding 50°C,
and then treated with isopropyl alcohol. The scheme of
the experimental part is shown in Fig. 2. These blocks
characterize the technological experiment in detail,
which can become fundamental for the development
of technological regulations and transfer to manufac-
turing.

During the experiment, various concentrations of a
potassium hydroxide solution in the concentration range
of 12.5%, 25.0%, 50.0% were selected. All the abovesaid
conditions were: obtaining a homogenized material for
hydrolysis, as well as a stabilizer (ascorbic acid, pure, Chi-
na) are identical.

RESULTS AND DISCUSSION

According to the results of the studies, it has become
quite obvious that the method of traditional maceration
with intensification has not brought positive results.

In the presented chromatograms, in the detec-
tion range characteristic of vitamin D, no detector re-
sponse was found out. That characterizes the absence
of fat-soluble vitamin D in the substance obtained by
traditional maceration (Fig. 3). Herewith, in the con-
trol determination, using the RSs, the retention time
and peak area are determined in the ranges for this RS
(Fig. 4).

The use of the circulating extraction method made
it possible to isolate a small amount of vitamin D in the
test object. When using the alkaline hydrolysis method,
the quantity of the analyte is much larger. Additional
alkaline hydrolysis of the resulting fat fraction slightly
increased the concentration of the vitamin and did not
lead to the targeted results (Table 1). During the circulat-
ing extraction, the value of the peak area varied around
0.01 AU*sec, after a combination of methods using
the same raw material component, the area slightly in-
creased up to 0.02 AU*sec.

Therefore, the problem of developing and use of a
combined method for obtaining a fat-soluble substance
formed from any extraction option, taking into account
basic alkaline hydrolysis, is apparently not promising.
Therefore, the authors had to return to alkaline hydro-
lysis and improve the technology for the production of
vitamin D substance precisely within the framework of
this reliable method.

The next, third stage of the research consisted in ap-
plying the method of alkaline hydrolysis.

The results of the experiment showed that at the
12.5% concentration of potassium hydroxide in the test
samples, vitamin D was determined stably in all the se-
ries of the analysis (Table 2).

In the control analysis of SSS 11779-2021 (FBI
“URALTEST”), as well as of imported cholecalciferol
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(Sigma-Aldrich, USA), it was determined that the release
time of vitamin D corresponds to 10 minutes. The quan-
titative content in the samples was judged by a charac-
teristic indicator for HPLC — the peak area. According to
the results of the analysis, the peak area for the standard
sample was 9.52 AU*sec, for the test sample it was 0.05
AU*sec.

The results of the chromatographic analysis of the
substance, which in turn was obtained by hydrolysis with
a 12.5% potassium hydroxide solution, were subjected
to comparative studies. A study was carried out with
samples of imported production. Herewith, it turned out
that vitamin D was present in the experimental samples
(Fig. 5).

The results obtained with a 25% potassium hyd-
roxide solution, are identical to those obtained with
a 12.5% alkali solution. As in the first case, vitamin D
was present in the studied samples and it was in a sta-
ble form. The repeated control studies of the samples
showed identical retention times and peak areas (Table
3).

During hydrolysis of the sample with a 25% potas-
sium hydroxide solution, the quantitative content of
vitamin D was also estimated by the peak area — 0.05
AU*sec.

When a 50% potassium hydroxide solution was
used, vitamin D also proved to be stable, as in the first
two experiments, which gives us the opportunity to as-
sert the prospect of using lower concentrations of alkali.

During hydrolysis of the sample with a 50% potassi-
um hydroxide solution, the peak area of vitamin D in the
resulting substance was 0.05 AU*sec.

The effect obtained using a 50% potassium hydrox-
ide solution is identical to the first two results (Table 4).
Vitamin D in a stable form was determined in the studied
samples. Parallel studies of the samples confirmed the
result of the analysis.

For each series of the analyses, there were 6 sample
tests. Tables 1-4 present the average values of the sam-
ple weight for each series of analyzes, and the arithmetic
mean of 6 parallel tests was taken as the mass of the iso-
lated fat fraction, the allowable discrepancies between
which did not exceed 0.5%.

The use of different alkali concentrations in the pro-
duction of fat-soluble vitamins (including vitamin D) will
simplify the technological process of isolating an individ-
ual substance, which, in turn, will eliminate the negative
effect and will facilitate the process of its standardization
[8, 38].

Similar results were obtained with other samples of
fish species: Chum salmon (Oncorhynchus keta), Mack-
erel (Scomber), Flatfish (Pleuronectidae), Humpbacked
salmon (Oncorhynchus gorbuscha).
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Figure 3 — Chromatogram of direct extraction object in isopropyl alcohol when exposed to ultrasound
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Figure 4 — Chromatogram of vitamin D standard sample
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Figure 6 — Chromatogram of vitamin D isolated by alkaline hydrolysis with 50% potassium hydroxide
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Table 1 — Results obtained during circulating extraction of minced brook trout (Salmo trutta trutta)

Result
S/No. Sample weight, g We;ght o gxtracted Vitamin D after
at fraction, g Vitamin D * ; i
alkaline hydrolysis

270222 5.0 0.076 + +
070322 5.1 0.080 + +
140322 5.2 0.079 + +
210322 5.3 0.081 + +
280322 5.2 0.082 + +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

Table 2 — Results obtained during hydrolysis of minced brook trout (Salmo trutta trutta)
after extraction with 12.5% potassium hydroxide

$/No. S wEE T Weight of e).(tracted fat frac- : Res.ult
tion, g Vitamin D*
051021 50.1 2.39 +
121021 50.4 2.40 +
141021 50.6 2.40 +
191021 50.0 2.39 +
261021 50.2 2.40 +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

Table 3 — Results obtained during hydrolysis of minced brook trout (Salmo trutta trutta)
after extraction with 25.0% potassium hydroxide

. Weight of extracted Result
S/No. Sample weight, g f§t fraction, g —
051021 50.3 1.62 +
121021 50.1 1.63 +
141021 50.4 1.66 +
191021 50.0 1.61 +
261021 50.2 1.62 +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

Table 4 — Results obtained during hydrolysis of minced brook trout (Salmo trutta trutta)
after extraction with 50.0% potassium hydroxide

s/No. sample weight, g Weight of e>.(tracted fat frac- . Res-ult
tion, g Vitamin D*
051021 50.0 1.42 +
121021 50.1 1.44 +
141021 50.2 1.40 +
191021 50.3 1.41 +
261021 50.2 1.42 +

“_n

Note: * “+” — vitamin presence, — vitamin absence.

The use of alkaline hydrolysis made it possible to
state unambiguously that this method is optimal. The
content of the main substance in the studied objects is
in the range of 0.03-0.12%. From the experimental data
obtained during the isolation of vitamin D, it follows that
the optimal concentration of the hydrolyzing alkaline
ingredient is 12.5% (i.e., the minimum), which makes

Tom 10, Beinyck 3, 2022

it possible to increase the amount of the fat fraction,
which in turn is a positive indicator in the implementa-
tion of the technological process.

CONCLUSION

An integrated approach to the research on the pro-
duction of vitamin D by methods of alkaline hydrolysis,
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intensive maceration, circulating extraction made it pos-
sible to choose the optimal technological scheme based
on hydrolysis of the protein part of the test object and
using a scheme with a reduced amount of potassium
hydroxide.
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The reduction of technological costs and consum-

FUNDING

ables in the production of fat-soluble vitamin D sub-
stance will make it possible to implement the principles
of lean production and, as a result, increase the eco-
nomic benefit of the enterprise producing state-owned
RSs and medicinal substances, as well as reduce the fi-
nancial burden on the end consumer.
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