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THE CONTENT OF VITAMIN D2 IN BASIL SEEDS DURING
SEED PRIMING WITH COMPOSITIONS
OF METABOLICALLY ACTIVE COMPOUNDS

Basil (Ocimum basilicum L.) is found all over the world and is increasingly used in the
food, pharmaceutical, and cosmetic industries. However, the nutritional and functional
properties of its seeds have been little studied.

In the human body, vitamin D can be synthesized in the skin under the influence of
ultraviolet radiation, followed by activation in the liver and kidneys to form the active form
D3 - cholecalciferol. It can also be obtained from plant sources in the form of vitamin D2
(ergocalciferol). This vitamin performs a wide range of important functions, including
optimizing mineralization processes in the body, inhibiting the proliferation of transformed
cells, suppressing metastasis, inhibiting the activity of microorganisms, neutralizing
reactive oxygen species, and participating in the maintenance of normal insulin secretion,
among others.

The aim of this study is to determine the content of vitamin D2 in basil seeds and in the
aqueous extract from these seeds using a modified determination method, as well as to
evaluate the obtained results for statistical reliability.

As a result of the study, it was established that dry basil seeds have a significantly higher
content of vitamin D2 compared to aqueous extracts from the same seeds. An effective
agricultural approach to increasing the content of biologically active compounds in plant
organisms is the pre-sowing treatment of seeds with various substances. As a result of
the conducted studies, it was demonstrated that the most effective increase in vitamin D2
content in basil seeds was observed after pre-sowing treatment with combinations EPM
(vitamin E + para-oxybenzoic acid + methionine) and EQ (vitamin E + ubiquinone-10).
This may be related to the ocobeHHocmi of vitamin D2 biosynthesis in basil seeds and the
influence of vitamin E, ubiquinone, para-oxybenzoic acid, and methionine on this process.
By evaluating the correlation between relative frequencies and the frequencies of a
normal distribution, it can be concluded that the method for determining vitamin D2
content in basil seeds using a modified colorimetric approach yields accurate results with
low error. Determination of vitamin D2 content in basil seeds and in aqueous extracts from
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basil seeds across all groups indicates the absence of background absorption and a small
relative error.

These results may be useful in further studies of vitamin D2 content in plant organisms.
Keywords: basil seeds, vitamin D2, determination method, relative frequencies, normal
distribution frequencies, background absorption

Introduction. Basil (Ocimum basilicum L.) is found worldwide and is increasingly
used in the food, pharmaceutical, and cosmetic industries. However, the nutritional and
functional properties of its seeds remain poorly studied. Basil seeds contain a high level of
proteins (11.4-22.5 g/100 g), including all essential amino acids except tryptophan [1]. They
also have a high content of linoleic acid (12—-85.6 g/100 g) and minerals such as calcium,
potassium, and magnesium.

Recently, basil seeds have been shown to contain phenolic compounds, including
orientin, vicenin, and rosmarinic acid [2]. The importance of basil seed consumption for the
prevention of type 2 diabetes and cardiovascular diseases has been demonstrated. In
addition, basil extract has been proven to protect A549 cells from the effects mediated by
infectious disease caused by Klebsiella pneumoniae (Friedlander’s bacillus), inhibiting cell
death due to apoptosis [3].

It is also known that basil seed extract exhibits anti-inflammatory, antimicrobial, anti-
ulcer, anticoagulant, and antidepressant properties [4].

To assess the state of the pro- and antioxidant balance in plants and their overall
biochemical characteristics, the following indicators are currently used: the content of free
radical oxidation products of lipids and proteins, bioflavonoids, SH groups, ascorbic acid,
vitamins E, A, D, and C, the activity of catalase and superoxide dismutase, total antioxidant
activity, etc. [1-4].

The content of these substances also depends on various agricultural practices
applied during plant cultivation. One such practice is the pre-sowing treatment of seeds with
compositions of metabolically active substances.

For this study, our attention was drawn to vitamin Dz. In humans, vitamin D is
contained in two forms: D3 (cholecalciferol), which is synthesized in the skin, and D2
(ergocalciferol), which enters the body exclusively from the plant diet [10]. It performs a wide
range of important functions, including optimizing mineralization processes in living
organisms, inhibiting cancer cell proliferation, preventing metastasis, suppressing the
activity of microorganisms, neutralizing reactive oxygen species, and maintaining normal
insulin secretion, among others [5].

A commonly used method for determining vitamin D content is high-performance
liqguid chromatography; however, it is an expensive and hard-to-access procedure [11].
Therefore, we decided to improve a photocolorimetric method for determining vitamin Dz in
basil seeds [6], and to evaluate the obtained results for statistical reliability.

The aim of this study is to determine the content of vitamin D2 in basil seeds and in
the aqueous extract from these seeds using a modified determination method, as well as to
evaluate the obtained results for statistical reliability.

Methods and Study Design. The study material consisted of basil seeds (Ocimum
basilicum L.) and compositions of metabolically active substances: vitamin E (10 M), para-
oxybenzoic acid (POBA) (0.001%), methionine (0.001%), ubiguinone-10 (10“ M), and
MgSOs4 (0.001%).

The study design included four variants:

e Control: seeds collected from plants pre-sowing treated with water.
e Group 1: seeds collected from plants pre-sowing treated with a composition of
vitamin E (108 M) + POBA (0.001%) + methionine (0.001%) (EPM).
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e Group 2: seeds collected from plants pre-sowing treated with a composition of
vitamin E (10® M) + POBA (0.001%) + methionine (0.001%) + MgSO4 (0.001%)
(EPMMg).

e Group 3: seeds collected from plants pre-sowing treated with a composition of

vitamin E (10® M) + ubiquinone-10 (10 M) (EQ)

Basil seeds were soaked for 6 hours in the respective solutions and then sown in
open soil as four groups, spaced 3 meters apart, in mid-May 2024. Seeds from all four plant
groups were harvested at the end of August 2024.

The seeds were dried in a well-ventilated room at 23—28 °C without direct exposure
to sunlight.

Vitamin D, content was determined both in the seeds themselves and in an aqueous
extract. The aqueous extracts were prepared by mixing water and dried plant material (basil
seeds) in a 3:10 ratio, followed by extraction at 90 °C for 40 minutes.

Vitamin D2 content was evaluated colorimetrically. The principle of the method is
based on the qualitative reaction of vitamin Dz with an aniline reagent, resulting in the
formation of a red dye with an absorption spectrum at 420 nm [6].

Results and Discussion. The method for determining vitamin D2 content was
improved with modifications. The principle of the method involves extracting vitamin D2z from
plant material, followed by a qualitative reaction with an aniline reagent and measuring the
color intensity using a photoelectrocolorimeter [6].

The aniline reagent is prepared by mixing aniline with concentrated hydrochloric acid
in a 15:1 ratio in the presence of an excess of chloroform.

The reagents required for determining vitamin D2 content are: vitamin D2 of known
concentration, ethanol, aniline reagent (aniline + HCl in a 15:1 ratio), and an 8% chloroform
solution.

To begin, a calibration curve is constructed. For this, a standard solution of vitamin
D2 is prepared by dissolving 20 mg of pure vitamin D2 in 100 cm? of 80% ethanol. To improve
dissolution, the mixture is heated to 38 °C.

Into wide test tubes, the following volumes of the standard vitamin D2 solution (in cm?)
are added: 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 4.5, and 5.0. The volume of each solution is then
brought up to 5 cm? with an 8% ethanol solution.

As aresult, each test tube contains the following amounts of vitamin Dz, respectively:
0.2,0.3,0.4,0.5, 0.6, 0.8, 0.9, and 1 mg.

To each test tube, 15 cm? of 8% chloroform solution is added, and the mixture is kept
in the dark at 25 °C for 15 minutes. Then, 5 cm3 of the aniline reagent is added to each test
tube, and the mixture is left in the dark at 25 °C for 2 hours.

The resulting settled mixture is kept for 30 minutes at 40 °C, after marking the volume,
and 80% ethanol is added up to this mark.

To construct the calibration curve, the x-axis represents the vitamin D2 content (mg),
and the y-axis represents the optical density of the colored solutions. Measurements are
performed using a photoelectric colorimeter at a wavelength of 420 nm.

Method. The plant extract is measured in milliliters in proportion to the mass of the
dry material (taking into account the specifics of preparing the aqueous extract, as described
in the Materials and Methods section). Depending on the expected vitamin D, content in the
plant material, between 1 and 2 grams of dry material are used, corresponding to 4.66—23.3
milliliters of the aqueous extract.

Add 25 ml of 80% ethanol. Transfer the mixture into a 100 cm?3 volumetric flask and
bring the volume up to the mark with ethanol, mixing thoroughly along the way. Let the
mixture stand for 1 hour at 25 °C.

Take 5 cm? of the mixture and transfer it into a test tube. Add 15 cm? of 8% chloroform
solution and keep it in the dark at 25 °C for 15 minutes. Then add 5 cm? of the aniline reagent
and allow the mixture to stand in the dark at 25 °C for 2 hours.
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The resulting mixture is placed in a water bath for 30 minutes at 40 °C (after marking
the volume and gradually adding 80% ethanol up to this mark). Afterward, the mixture is
allowed to cool.

The control is prepared in the same way as the test mixture, but water is used instead
of the aniline reagent. All measurements are performed on a photoelectric colorimeter at a
wavelength of 420 nm, as this corresponds to the absorption spectrum of the red dye
formed. This qualitative reaction between vitamin D2 and the aniline reagent is known as
the Furter reaction [6].

The vitamin D2 content, expressed in mg per 100g of plant material (mg%), is
determined using the following formula:

_ CxV1%V2%100
T mx*V3xV4

where:

C - vitamin D2 content in 5 cm? of extract, determined from the calibration curve;
V; - total volume of the ethanol solution with the extract;

V, - volume of the ethanol solution with the extract after incubation at 40 °C;

V3 - volume of the mixture taken for analysis;

V, - volume of the mixture taken for colorimetric measurement;

m - mass of dry material corresponding to the volume of extract taken.

Analyzing the results, it is evident that the level of vitamin D2 in basil seeds is relatively
low. However, there is a noticeable difference in its content between the experimental
groups and the control group. It was found that the vitamin D2 content in dry basil seeds
from the first, second, and third experimental groups is significantly higher by 0.01, 0.006,
and 0.01 mg/100 g, respectively, compared to the control group (Table 1).

Table 1
Vitamin D2 content in basil seeds, mg/100g (mg%)

mg/100g mg/100g

Group (dry seeds) (aqueous extracts)
Control 0,0269 + 0,0023 0,0016 + 0,0002
Group 1 0,0367 + 0,0027* 0,0015 + 0,0002
Group 2 0,0329 + 0,0018* 0,0019 + 0,0003
Group 3 0,0367 + 0,0027* 0,0016 + 0,0001

*- probable differences (p<0,05) compared to control

When examining the vitamin D2 content in the aqueous extracts, no significant
differences were found either between the experimental groups or between the
experimental groups and the control.

This may be related to the specific features of vitamin D biosynthesis in basil seeds
and the influence of metabolically active substances on this process. The probable causes
and mechanisms of how these substances affect vitamin D2 biosynthesis in basil seeds will
be discussed in more detail in subsequent publications.

From a statistical perspective, the results were analyzed by determining relative
frequencies, frequencies for a normal distribution, and the correlation between relative
frequencies and the frequencies of the normal distribution.

Relative frequencies are the proportion of the absolute frequency of a value within
the total number of values in the dataset.
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Frequencies of a normal distribution represent the frequency of random values that
follow a normal (Gaussian) distribution. Essentially, this is a function that defines the ideal
or expected value for each variable [7-9].

The correlation of these values helps to establish the relationship between the
frequencies and determine whether the observed frequencies are close to the ideal
predicted values [8-9].

For each group, 80 replicates were performed to determine errors at each stage as
accurately as possible.

When examining vitamin D2 content in the control group, it was found that the
correlation coefficient between the relative frequencies and the frequencies of a normal
distribution was 0.95 (where 0 = no correlation, 1 = maximum possible strong correlation
[7]) (Fig. 1).

In the first experimental group (EPM), the correlation coefficient between the relative
frequencies and the frequencies of a normal distribution was 0.89 (Fig. 2).

Fig. 1. Fig. 2.
Correlation of normal Correlation of normal
distribution frequencies to distribution frequencies to
relative frequencies (Control relative frequencies
group) (Experimental group 1)
e 1 1
B e e lo- — -
§ 0s _—— 5 o5 _—
T e— — T —
& 1 2 3 4 5 & 7 ) 1 2 3 4 5 6 7
c c
g order indicator g order indicator
o o
g o
—reative freguencies ——relative frequencies
= freqguencies for normal distribution e frequen cies for normal distribution

When examining vitamin D2 content in the third experimental group (EPMMg), the
correlation coefficient between the relative frequencies and the frequencies of a normal
distribution was found to be 0.98 (Fig. 3).

For the fourth experimental group (EQ), the correlation coefficient between the
relative frequencies and the frequencies of a normal distribution was 0.86 (Fig. 4).

Fig. 3. Fig. 4.
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When examining vitamin Dz content in the control group (aqueous extract of basil
seeds), the correlation coefficient between the relative frequencies and the frequencies of a
normal distribution was 0.93 (Fig. 5).

For the aqueous extract from the first experimental group (EPM), the correlation
coefficient between the relative frequencies and the frequencies of a normal distribution was
also 0.93 (Fig. 6).

Fig. 5. Fig. 6.
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When examining vitamin Dz content in the aqueous extract from the second
experimental group (EPMMg), the correlation coefficient between the relative frequencies
and the frequencies of a normal distribution was 0.88 (Fig. 7).

For the aqueous extract from the third experimental group (EQ), the correlation
coefficient between the relative frequencies and the frequencies of a normal distribution was
0.90 (Fig. 8).

Fig. 7. Fig. 8.
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It can already be concluded that this method demonstrates high accuracy, as
evidenced by the strong correlation between the relative frequencies and the frequencies of
a normal distribution.

The specificity of the method is confirmed by the absence of background absorption
and a negligible relative systematic error (Figs. 9-10).
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Fig. 9

The content of vitamin D, in dry basil seeds when the wavelength
changes, mg/100g
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Fig. 10.

The content of vitamin D, in aqueous extracts from basil seeds
when the wavelength changes, mg/100g
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Conclusions. The study established that dry basil seeds contain significantly higher
levels of vitamin D> compared to agueous extracts from the same seeds. The most effective
increase in vitamin D2 content was observed in the EPM and EQ combinations
(experimental groups 1 and 3). This may be related to the specific features of vitamin D2
biosynthesis in basil seeds and the influence of vitamin E, ubiquinone, para-oxybenzoic
acid, and methionine on this process.

By evaluating the correlation between the relative frequencies and the frequencies of
a normal distribution, it can be concluded that the colorimetric method for determining
vitamin D2 content in basil seeds provides accurate results with a low margin of error.

When checking the vitamin D2 content in basil seeds and in aqueous extracts from
basil seeds across all groups, and by shifting the wavelength to both higher and lower
values, it can be concluded that there is no background absorption and that the relative
systematic error is negligible.
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BMICT BITAMIHY D2 B HACIHHI BA3UNIKA 3A NEPEAMNOCIBHOI OBPOBKU
KOMMO3UUIAMN METABONIYHO AKTUBHUX CNONYK

Basunik (Ocimum basilicum L.) 3ycmpiyaembcsi no ecbomy ceimy i ece Yacmiwie io2o
8UKOpUCMOo8YyomMb 8 Xxap4osil, chapmayesmuyHili ma KoCMemuyHit rnpomMucio8ocmi.
OdHak xap4osi ma ¢hyHKUIOHasIbHI 8riacmueocmi Lio2o HaciHHS 8U8YEeHI Marlo.

B opeaHismi iroduHu eimamid D 30ameH cuHme3ysamucsk rid dieto yribmpaghiornemosux
rPOMeHi8 8 WKIipi 3 nodanbWOon akmueauyjeto 8 rnediHyi ma Hupkax 3 YmeOPEeHHS
akmugHoi gpopmu D3 — xonekarnbyugbeporiy, a makox Hadxooumu i3 pOCiUHHUX Oxxeperi
y suensadi eimamiHy D. (epeokanbyugbepory). Lleli eimamiH 8UKOHYE 8€1UKY KiflbKiCmb
8aXrusux ¢byHKUil, 30KpemMa onmumisye rpouecu MiHeparisauii 8 Xueomy opaaHi3mi,
iHeibye nposichepauito mpaHchopMoBaHUX KIlimuH, iHeibye memacmasysaHHs, iHeibye
XummeodisifibHiCMb  MiKpoopaaHiamie, Helmpari3ye akmueHi ¢bopMy KucHo, bepe
y4acme 8 rnidmpumyi HopMaribHOI Cekpeuii iHcyniHy mouwjo.

Memoro aHo20 BocridxKeHHs € 8uU3HaYeHHs1 emicmy gimamiHy D2 8 HaciHHi 6a3urika ma
y 800HOMY eKcmpaKkmi 3 Ub020 HaciHHs1 3a A0NoMoeoto MoOughikogaHO20 Memody 8U3Ha-
YeHHS], 8 MaKoX OUjHKa ompumMaHux pe3yribmamie Ha cmamucmu4Hy A0CmosipHicMb.
B pe3ynsmami docnidxeHHs1 6yr10 8CmaHOB/IeHO, WO Cyxe HaciHHS ba3uriika Mae 3Ha4qHo
suwul emicm simamiHy D2, 6 MopigHsIHHI 3 BOOHUMU eKcmpakmamu 3 Ub020 XK HaCiHHSI.
EgpexkmueHum aepornioxodom 00 36inbweHHs emicmy 6iofoeidyHo akmueHUX CriofyK 8
POCIIUHHUX OpaaHi3max € riepedriocieHa 0b6pobka HaciHHS Pi3HOMaHIMHUMU PeYo8UHa-
mu. B pesynsmami npogedeHux docridxeHb 6yno npodemMoHCcmposaHo, Wo Halegek-
museHiwe 36inbweHHs emicmy simamiHy D2 8 HaciHHi 6a3uriky criocmepieanocsi 3a
riepedriocigHoi 06pobku kombiHauiamu EPM (gimamin E + napa-okcubeHsolHa Kucrioma
+ MemioHiH) ma EQ (8imamiH E + ybixiHoH-10). Lle moxxe 6ymu nos’a3aHo 3 ocobnusicmio
biocuHme3sy eimamiHy D2 8 HaciHHI 6a3urnika ma ennusom Ha yel npouec simamiHy E,
y6ixiHOHY, napaokcubeH30UHOI KUCIIOMU ma MemioOHiHy.

OuyjHuswU MoKasHUKU Kopensuii MixX 6i0HOCHUMU Yacmomamu ma Yacmomamu Hop-
MarbHo20 po3rodinly MOXHa 3pobumu 8UCHOBOK, W0 MemooOuKa 8U3Ha4YeHHs eMicmy
eimamiHy D» e HaciHHi 6a3sunika KoropumempuyHum memodom 3 Moludbikauissmu
OeMOHCmpye MOoYHI pe3yribmamu 3 Masioko noxubkoro. BusHadarodu emicm eimamiHy D2
8 HaciHHi basuriika ma y 800HUX eKcmpaKkmax i3 HaciHHs1 6a3uriika 8 yCix epyrnax MoxHa
2080puUMU rpo 8idcymHicmb hOHOB020 rMo2sIUHaHHS i He3Ha4YHy 8i0HOCHY MOXUOKY.

Lli pesynbmamu Moxymb cmamu 8 Ha2o0i 8 nodansuwiux Aocnidx)eHHsX emicmy eima-
MiHy D> 8 pocriuHHUX opaaHi3max.

Knroyosi _crnosa: HaciHHs 6asunika, eimamiH Dz, Memoduka 6U3HaqeHHs], 8IOHOCHI
Yacmomu, Yacmomu HOpMasibHO20 po3riodirly, (hoHO8E Mo2UHAHHS.

Cmamms 0o pedakuyir Hadiliwna 26.02.2026 poky
PeueH3iss Ha cmammio Haditiwna 11.03.2026 poky


mailto:ruslan0399os@gmail.com
mailto:kuchmenko1978@gmail.com

