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To a phytochemical study of Kazakhstani species
Fritillaria karelinii (Fisch. ex D. Don) Baker

Present article provides the results of a primary phytochemical analysis of Fritillaria karelinii (Fisch. ex
D. Don) Baker (syn. Rhinopetalum karelinii Fisch. ex D. Don) from family Liliaceae Juss., collected from
different fields of populations in the Almaty region. A comparative analysis of water-alcohol isolations al-
lowed identifying three substances belonging to phenolic nature, and the quantitative contents of flavonoids
(in the range of 0.7-1.03 % in terms of air dry matter) and some other biological active compounds (alka-
loids, amino acids, organic acids). There is a correlation in the quantitative content of arginine (max) and me-
thionine (min) out of 13 amino acids that were identified in bulbs of three studied samples. By accumulation
of amino acids, the Ili plant sample shows quantitatively different from the other two, for example arginine,
proline (0.475), leucine (0.372), lysine, valine, phenyl, threonine, and alanine (0.51-0.31) prevail, and methi-
onine and histidine were less than 0.1 %. Valine, threonine and proline are contained in the range of 0.298-
0.193 %, while lysine, leucine, phenylalanine, and serine are in the range of 0.175-0.161 % for a sample col-
lected near Nurly village. The content of other identified amino acids was below 0.15 %.

Keywords: Fritillaria karelinii bulbs, phytochemical analysis, amino acids, fat acids, quantitative content.
Introduction

Developed worldwide research in the field of chemistry of natural compounds makes it possible to iso-
late and obtain total extracts from wild plants, and further determine their active components, and access bio-
logical activity. Thereby it contributes to the replenishment of the range of medicinal plants used in official
medicine. In this regard, the search for new sources of medicinal plant materials is an actual task.

Early spring bulbous wild plants adapting to changes in external factors and too harsh growing condi-
tions (temperature and water conditions, salinization, soil erosion, etc.) have great potential as a source of
new biologically active substances. The defense mechanism of such plants is due to the accumulation and
compatibility of osmolytes which affect the biosynthesis of macromolecules [1].

The prerequisite for this study was the analysis results of the medicinal flora in Kazakhstan [2] which
revealed poor knowledge of the local flora species.

The object of our research is a perennial plant — Karelin's hazel grouse, Fritillaria karelinii (Fisch. ex
D. Don) Baker (syn. Rhinopetalum karelinii Fisch. ex D. Don) from the family Liliaceae Juss. According to
Plants of the World Online, the genus Fritillaria Tourn. ex L. has 152 species, 6 of which described in the
flora of Kazakhstan, and 2 species include inside genus Rhinopetalum Fisch [2, 3].

In traditional Chinese and other Asian countries medicine, some species of Fritillaria are used as a me-
dicinal raw material for the production of effective antitussive and expectorant drugs [4—7]. Tubers of
whorled hazel grouse F. verticillata are used for complicated diseases of the digestive system and also “cure
the heat of blood vessels the heart” [8].

Some species of the genera Veratrum L. and Fritillaria Tourn. (Liliaceae) contain Cy7-alkaloids of the
C-nor-D-homosteroid series with a wide spectrum of biological activities [9-10], in particular, having ino-
tropic effect on the heart [11].

In literatures data on isolation and identification of steroid alkaloids from F. verticillata and F.
pugiensis were found [12, 13], and in both the aboveground and in the bulbs veratrum (jervanine and
cevanine subgroups) alkaloids were found.

The phytochemical composition of Kazakh hazel grouse species is practically not studied. There is in-
formation about the isolation of the alkaloid alginine (C23H2sNOs) from F. sewerzowii collected in the west-
ern part of Tien Shan (Kyrgyzstan), the structure of which has not been determined in detail [14].

Researches from the plant resources laboratory has identified the distribution features and anatomical
and morphological characteristics of F. kareliniis pecies collected in southeast Kazakhstan [15-16].
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The purpose of our research is a phytochemical study (qualitative and quantitative determination of the
main groups of biological active compounds) of F. karelinii collected from various natural populations in the
Almaty region (2020-2021).

Experimental

The research materials (bulbs) of F. karelinii were collected in March 2020-2021 from natural popula-
tions in southeast Kazakhstan (within the Enbekshi kazakh, Balkhash, and Ili administrative districts of the
Almaty region).

During the harvesting of plant raw materials, plants were dug up, removed from the soil, and dried un-
der the air shadow after cutting the bulbs into several parts, and the final dry plant raw material was milled.

Phytochemical studies to identify extractives, determine the quality of plant raw materials, quantitative
content of some groups of BAS were performed according to the methods described in the SP RK and oth-
ers[17, 18].

The quantitative determination of vitamins, amino- and fatty acids was carried out in the accredited la-
boratory “Food Safety” at Almaty Technological University.

Aminoacids were analyzed on a Capel 105 M capillary electrophoresis system (RF) after preliminary
hydrolysis of plant materials with hydrochloric acid (1:1) at 105 °C for 14-16 hours [19]. The acid hydroly-
sate evaporated up to a minimum volume and after converted into phenylisothiocarbomyl derivatives. Detec-
tion was carried out in the UV region at 254 nm.

The content of fatty acids was done on a Kristal-4000 gas-liquid chromatograph (RF) after preliminary
extraction of lipids with hexane in a Soxhlet apparatus for 5 hours. The extract was evaporated at a tempera-
ture of 30-40°C.

Ethylating was in a mixture of hexane (97 %), 25 % sodium ethoxide in absolute ethanol and acetic ac-
id. The resulting mixture was stirred, settled, and filtered through a paper filter; the final solution was ana-
lyzed on a Kristal-4000 GLC with a flame ionization detector and NetChrom software [20]. Chromatograph-
ic separation was carried out under the following conditions: injector temperature, 188°C; detector tempera-
ture, 230°C; thermostat temperature, 188°C; column content: polyethylene glycol adipate (20 %) on celite —
545.

The determination of vitamins was carried out according to the standard methods described in the man-
ual M-04-41-2005 and GOST 32043-2012 [21, 22].

Results and Discussion

During the determination of the quality of plant raw materials there the moisture content varies from
6.32 to 8.74 % was revealed and the quantitative content of extractives in a 70 % water-alcohol solution was
20-25 %. Substances of a phenolic nature (flavonoids, phenolic acids), alkaloids, steroids, and sterols have
been qualitatively detected. The results of the quantitative content of some groups of biological active com-
pounds are shown in Table 1.

Table 1

Indicators of plant raw materials and the content of some biologically active substances and vitamins in studied
Fritillaria karelinii plant samples

Plant raw material indicators Kapshagai population Bogeti population Ili population
2020 2021 2020 2021 2020 2021
Losson drying 6.42 8.74 7.01 6.75 7.94 6.32
Determination of extractive substances 25.24 23.42 25.03 17.04 24.84 22.88
(water solution)
Determination of extractive substances 23.98 24.03 20.71 24.29 25.09 23.69

(70 % alcohol solution)

Quantitative content

Vitamin C mg/100 g - 3.42 - 4.28 - 5.63
Vitamin E mg/100 g - 0.24 - 0.23 - 0.28
Amino acids 1.24 1.28 0.94 1.45 1.64 1.72
Organic acids 3.03 3.28 2.98 2.68 2.83 3.21
Flavonoids 1.08 1.18 1.32 1.28 1.32 2.01
Alkaloids 0.73 0.98 0.78 1.03 0.83 1.28
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According to the literature data the chemical composition of the aboveground and underground parts of
F. karelinii has not been studied, we have begun a preliminary study of the flavonoid composition. A com-
parative analysis of water-alcohol extracts allowed establishing the qualitative composition of phenolic sub-
stances in all studied samples and it is almost the same. By two-dimensional paper chromatography and us-
ing various solvent systems revealed 3 substances of phenolic nature. According to the location of the spots
on the chromatogram the substances were tentatively classified as biglycosides of flavonoids. The content of
flavonoids was determined in the range of 0.7-1.03 % on air dried weight.

The content of alkaloids varied within 0.73-1.23 % on air dried weight, while according to some liter-
ary sources, the content of the total alkaloids for species of this genus varies from 0.15 to 1.77 % [23].

Determination of the amino and fatty acids content in the studied samples growing in the territory of
southeast Kazakhstan is being investigated for the first time. As a result of the study 13 amino acids and 9
substances of the lipid form (fatty acids and their ethyl esters) were identified (Tables 2, 3).

Table 2
The content of amino acids in the studied samples of Fritillaria karelinii
Amino acids Kapshagai population Bogeti population Ili population
Arginine 0.990 0.632 1.859
Lysine 0.134 0.175 0.351
Tyrosine 0.076 0.126 0.268
Phenylalanine 0.169 0.165 0.330
Histidine 0.078 0.116 0.087
Leucine + Isoleucine 0.118 0.174 0.372
Methionine 0.060 0.047 0.058
Valine 0.120 0.298 0.351
Proline 0.124 0.193 0.475
Threonine 0.144 0.228 0.330
Serene 0.134 0.161 0.289
Alanine 0.099 0.140 0.310
Glycine 0.132 0.116 0.268
Table 3
Content of fatty acids in Fritillaria karelinii bulbs (% of air dried weight)
Fatty acids Kapshagai population Bogeti population Ili population
Caproic acid (Ce:0) 0.2 0.39 0.25
Palmitic acid (C16:0) 4.7 5.65 4.59
Stearic acid (Cis:0) 0.8 0.67 0.42
Oleic acid (Cis:1) 14 1.79 1.19
Linoleic acid (Ci5:2) 35 5.99 5.12
Ethyl ester of palmitic acid 10.4 5.49 4.80
Ethyl ester of stearic acid 2.6 1.25 0.99
Ethyl ester of linoleic acid 10.6 5.74 3.92
Docosanoic acid ethyl ester 4.1 2.39 2.04

There is a correlation in the quantitative content of arginine (maximum) and methionine (minimum) out
of the 13 amino acids found in the bulbs of the three samples studied. The Ili samples quantitatively differ
from the other two populations by accumulation of the identified amino acids. For example, arginine, proline
(0.475), leucine (0.372), lysine, valine, phenyl, threonine, and alanine (0.351-0.31), methionine and histidine
predominate — less than 0.1 %.

The samples from Bogeti population contained amino acids: valine, threonine, and proline, the content
of which varies from 0.298-0.193 %, and the content of lysine, leucine, phenylalanine, and serine vary from
0.175-0.161 %. The rest of the identified amino acids have content below 0.15 % (Table 2).

Three saturated and two unsaturated fatty acids as well as their ethyl derivatives were found in the stud-
ied plant raw material (Table 3). The content of saturated fatty acids (caproic and stearic) is more than 0.2 %,
while palmitic in three studied plant samples significantly exceeds (4.6-5.65 %).
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Linoleic (3.5-5.99 %) and oleic (1.19-1.79 %) unsaturated fatty acids were identified. It should be not-
ed that the content of ethyl derivatives of the above-mentioned acids correlates with the data of their acids
themselves notably the values of palmitic acid ethyl ester (4.8-10.4 %) and linoleic acid ethyl ester (3.92—
10.6 %).

Conclusion

Thus, the primary phytochemical screening of F. karelinii bulbs made it possible to identify and quanti-
fy the content of amino and fatty acids, alkaloids, and phenolic substances (flavonoids). The peculiarities of
the accumulation of amino acids and fatty acids depending on the place of growth have been established.
Differences have been established in the accumulation of individual substances between populations.
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A. Typcenb6aii, XK. K. Kapxayoekosa, H.I'. 'ememxuena

Fritillaria karelinii (Fisch. ex D. Don) Baker kazakcTaHAbIK TYpPiHiH
(pUTOXMMUSJIBIK 3epTTeYi

Makanaga Anmatbl OOJBICBIHBIH OPTYpii MOMyJSUMsIIapbiHaH >kuHanraH Liliaceae Juss. TYKBIMBIHBIH
Fritillaria karelinii (Fisch. ex D. Don) Baker (cun. Rhinopetalum karelinii Fisch. ex D. Don) mus3ibIFbIHbIH
GacTankpl (UTOXUMHSUIBIK Tanpaybl GepinreH. Cy-CIHMPT CBHIFBIHABUIAPBIHBIH CANBICTHIPMAIBl TaNAaysl de-
HOJJIBIK CHIATTarbl YII 3aTThl aHBIKTayFa, (pIABOHOMATAPABIH CAHABIK KypaMbIH (a.K.Im. OoibmHma 0,7—
1,03 % apanbIFbiHAQ) JKOHE KeiOip 6acka GHOJOTHSIBIK OelceHi 3aTTapAbl (AIKATOUATAP, aMUH KBIIIKBLI-
Jlapbl, OPTaHUKAIBIK KBIIKBUIAP) aHBIKTayFa MYMKIHAIK Oepai. KazakcTaHHBIH OHTYCTIK-IIBIFBICHIHIA ©CE-
TiH, 3epTTENTCH YATUIEpAeTi aMUH jKOHE Mail KbIIIKBUIIAPBIHBIH KYpaMbl ajlFall peT 3ePTTENIl OTHIP. 3epTTey
HoTKeciHae 13 amuH )oHe 9 Mall KBIIKBUIOAPHl aHBIKTANABL. YII 3epTTENreH YATIHIH MUS3MIBIKTaphIHIA
aHbIKTaIFaH 13 aMWMH KHIIIKBUIBIHBIH aprHHUH (MaKkCHMMyM) MEH METHOHHMHHIH (MHHHMYM) CaHIBIK Kypa-
MBIHJa Koppessinus Gap. [ine ynrinepi 6acka ekeyiHeH aHBIKTaIFaH aMAHKBIIIKBULIAPEIHBIH )KUHAKTATY TeH-
JCHIMSCHI OOMBIHINA CAaH/BIK JKaFbIHAH epeKIIeeHe i, MbIcaibl, apruaug, npoiuH (0,475), neiun (0,372),
JIM3WH, BaJuH, peHm, TpeonuH xone ananuH (0,351-0,31), metronun meH ructunud 0,1 %-aan a3. bereri
MOMyJISIIKS YITIAEpiHAe Keleci aMUHKBIIIKBUIAAP TaObUIABI: BaJIWH, TPEOHUH XKOHE MPONUH, ONApIbIH MeJ-
mepi 0,298-0,193 % apanbiFbiHAa, ajl JW3HH, JCHIMH, (eHunanaHuH xoHe cepuH memmuepi 0,175-0,161 %
apaibIFpIHA Ke3aeceni. Kanran aMHHKBIIKBUIIAPEIHEIH KypaMsel 0,15 %-nan ToMeH.

Kinm ce30ep: Fritillaria karelinii mus3msiesl, GUTOXUMHSIIBIK TAIAAY, AMHH KOHE Mail KBIIIKBUIIAPHI, CaH-
JBIK KYPaMbl.

A. Typcoin6ait, XK.K. Kapxay6ekosa, H.I'. 'emenxueBa

K ¢puroxumuyeckomy u3yueHHI0 Kazaxcranckoro Buaa Fritillaria karelinii
(Fisch. ex D. Don) Baker

B crartee mpuBemeHBI pe3ylbTaThl MEPBUYHOrO (puroxumudeckoro anammsa maykosun Fritillaria karelinii
(Fisch. ex D. Don) Baker (cun. Rhinopetalum karelinii Fisch. ex D. Don) u3 cem. Liliaceae Juss., cobpauusix
W3 Pa3HBIX MOMYJSIHKA ATMaTHHCKOH o0nacTi. CpaBHUTENBHBIN aHATII3 BOAHO-CIIUPTOBBIX W3BJICUCHUH 1103~
BOJIMJI BBISIBUTBH TPH TPYIIIBI BELIECTB (DeHOTBHOM NMPHUPOJIBI, ONPEACIUTH KOJINYECTBEHHOE coslepkanune (iia-
BoHOM 0B (B mpenenax 0,7-1,03 % B mepecuere Ha BO3AYIIHO-CYXOi BeC) U HEKOTOPBIX IPYTHX OHOJIOTHYC-
CKHM aKTHMBHBIX BEIIECTB (AJKaJIOHMIOB, aMUHOKHCIIOT, OpraHnyeckux kuciot). CozpepkaHue aMHHO- M JKUP-
HBIX KUCIIOT B HCCIEyeMbIX o0pasiax, NpON3pacTarolIUX Ha TePPUTOPHH I0ro-BocToka KaszaxcraHna, nccre-
JIOBaHBI BIepBbIe. B pe3yinbrare BBISBICHB M MASHTH(GUIMPOBaHBI 13 aMuHO- U 9 KUPHBIX KucioT. 13 13
AMHHOKHCJIOT, Hali/ICHHBIX B JIYKOBHIAX, BBISBICHA KOPPEISILHUS O KOJMYECTBEHHOMY COJEPKAHUIO apru-
HUHA (MaKCHMyM) H METHOHWHA (MHHHMYM) B TpeX HccieqyeMbix oOpasmax. Mmmiickne oOpasmbl Kommde-
CTBEHHO OTJIMYAIOTCS OT JBYX JPYIUX, XapaKTePU3YIOTCS TCHICHIIMEH HAKOIUICHUS BBISBICHHBIX aMHHOKHC-
JIOT, TaK, HAIPUMeEp, TOoclie apruHnHa npeBammpyet npoiuH (0,475 %), neitun (0,372), mu3uH, BamuH, ¢e-
Hu, TpeoHuH u ananuH (0,351-0,31), mernonun u ructuand — MeHee 0,1 %. Y o06pa3uoB boretnHckoii mo-
yJsInuu O6Hapy)l(eH]>I AMHWHOKHUCIJIOTHI: BAJINH, TDEOHUH U ITPOJIMH, COACPIKAHUE KOTOPBIX BApbUPYET B IIpe-
nenax 0,298-0,193 %, a coxepkaHue JTH3HHA, JCHIIMHA, (EHWIANAaHMHA W CepuHa — B mpeaenax 0,175—
0,161 %. Y ocTanbHBIX HACHTHHUITUPOBAHHBIX AMUHOKUCIIOT cozepskanue ke 0,15 %.

Knioueswie cnosa: nyxosuust Fritillaria karelinii, huroxumudeckuii aHai3, aMHHO- U JKHPHBIE KHCIIOTHI, KO-
JINYECTBEHHOE COJEPKaHNUe.

Cepus «buonorusa. MeguunHa, MNeorpadus». Ne 2(110)/2023 149



A. Tursynbay, Zh. Zh. Karzhaubekova, N.G. Gemejiyeva

References

1 Lymar, O.A. & Eremchenko, O.Z. (2006). Nakoplenie nizkomolekuliarnykh soedinenii rasteniiami v usloviiakh tekhnogen-
nogo zasoleniia [Accumulation of low molecular weight compounds by plants under man-made salinization conditions]. Fundamen-
talnye issledovaniia — Fundamental studies, 2, 53 [in Russian].

2 Fritillaria Tourn. ex L. Retrieved from https://powo.science.kew.org/results? g=fritillaria.

3 Abdulina, S.A. (1999). Spisok sosudistykh rastenii Kazakhstana [List of vascular plants in Kazakhstan]. Almaty [in Russian].

4 Li, H.J., Jiang, Y. & Li, P. (2006). Chemistry, bioactivity and geographical diversity of steroidal alkaloids from the Liliaceae
family. Nat Prod Rep., 23(5), 735-752. https://doi.org/10.1039/b609306.

5 An, JJ., Zhou, J.L., Li, HK, Jiang, Y. & Li, P. (2010). Pugienine E: an angiotensin converting enzyme inhibitory steroidal
alkaloid from Fritillaria pugiensis. Fitoterapia, 81(3), 149-152. https://doi.org/10.1016/fitote.2209.08.012.

6 Xu, F., Xu, S., Wang, L., Chen, C., Zhou, X., Lu, Y. & Zhang, H. (2011). Antinociceptive efficacy of verticinone in murine
models of inflammatory pain and paclitaxel induced neuropathic pain. Biol Pharm Bull., 34(9), 1377-1382.
https://doi.org/10.1248/bpb.34.1377.

7 Zhang, Q.J., Zheng, Z.F. & Yu, D.Q. (2011). Steroidal alkaloids from the bulbs of Fritillaria unibracteata. J Asian Nat Prod
Res., 13(12), 1098-1103. https://doi.org/10.1080/10286020.2011.619980.

8 Bazaron, E.G. & Aseeva, T.A. (1984). «Vaiduria-Onbo» — traktat indo-tibetskoi meditsiny [ “Vaidurya-Onbo” — a treatise
of Indo-Tibetan medicine]. Novosibirsk: Nauka [in Russian].

9 Zhang, Y.H., Yang, X.L., Zhang, P. & al. (2008). Cytotoxic alkaloids from the bulbs of Fritillaria hupehensis. Chem Bio-
divers., 5(2), 259-266. https://doi.org/10.1002/cbdv.200890023.

10 Yun, Y.G., Jeon, B.H., Lee, J.H. et al. (2008). Verticinone induces cell cycle arrest and apoptosis in immortalized and malig-
nant human oral keratinocytes. Phytother Res., 22(3), 416-423. https://doi.org/10.1002/ptr.2345.

11 Kheftman, E. (1972). Biokhimiia steroidov [Steroids biochemistry]. Moscow: Mir [in Russian].

12 Li, H.-J., Jiang, Y., Li, P., Ye, W.-C. & Pugienine, F. (2006). A novel veratramine alkaloid from the bulb of Fritillaria
pugiensis. Chem Pharma Bull., 54(5), 722-724. https://doi.org/10.1248/cpb.54.722

13 Kaneko, K.O., Narusen, N., Tanaka, M., Yoshida, N. & Mitsuhashi, H. (1980). Fritillarizine, a New Fritillaria Alkaloid iso-
lated from the Aerial Part of Mature Fritillaria verticillata. Chemical and Pharmaceutical Bulletin, 28(12), 3711-3713.
https://doi.org/10.1248/cpb.28.3711.

14 Orekhov, A.P. (1965). Khimiia alkaloidov rastenii SSSR [Chemistry of alkaloids of USSR plants]. Moscow: Nauka [in Rus-
sian].

15 Tursynbai, A., Gemejieva, N.G. & Saparov, K.A. (2020). Vyiavlenie osobennostei rasprostraneniia Fritillaria karelinii
(Fisch. ex D. Don) Baker na yugo-vostoke Kazakhstana [ldentification of the distribution features of Fritillaria karelinii (Fisch. ex
D. Don) Baker in southeastern Kazakhstan]. Vestnik Karagandinskogo universiteta. Seriia Biologiia. Meditsina. Geografiia — Bulle-
tin of the Karaganda University. Series Biology. Medicine, geography, 4(100), 85-93 [in Russian].
https://doi.org/10.31489/2020BMG4/85-93.

16 Tursynbai, A., Gemejieva, N.G., Kurbatova, N.V. & Aldasugurova, Ch.zZh. (2021). Anatomo-morfologicheskoe issledovanie
vegetativnykh organov Fritillaria karelinii (Fisch. ex D. Don) Baker iz prirodnykh populiatsii yugo-vostochnogo Kazakhstana [Ana-
tomical-morphological study of autonomic organs of Fritillaria karelinii (Fisch. ex D. Don) Baker from the natural populations of
southeastern Kazakhstan]. Problemy botaniki Yuzhnoi Sibiri i Mongolii — Problems of botany of South Siberia and Mongolia, 20(1),
437-442 [in Russian]. https://doi.org/10.14258/pbssm.2021087

17 (1987). Gosudarstvennaia farmakopeia SSSR. 11-e izdanie [The state pharmacopeia of USSR. 11 Issue] Moscow: Meditsina
[in Russian].

18 Mamonov, L.V. (2008). Vvedenie v fitokhimicheskie issledovaniia i vyiavlenie biologicheskoi aktivnosti veshchestv rastenii
[Introduction of phytochemical studies and detection of biological activity of plant substances]. Almaty [in Russian].

19 Komarova, N.V. & Kamentsev, Ya.S. (2006). Prakticheskoe rukovodstvo po ispolzovaniiu sistem kapilliarnogo elektroforeza
[Practical Guide to Capillary Electrophoresis Systems]. Saint-Petersburg [in Russian].

20 (2005). GOST R 51483-99. Masla rastitelnye i zhiry zhivotnye. Opredelenie metodom gazovoi khromatografii massovoi doli
metilovykh efirov individualnykh zhirnykh kislot k ikh summe. Vvedenie 1999-12-22 [State standard R 51483-99. Vegetable oils
and animal fats. Determination by gas chromatography of the mass fraction of methyl esters of individual fatty acids to their sum.
Introduction 1999-12-22]. Moscow: Standartinform [in Russian].

21 (2005). Metodika M-04-41-2005. Metodika vypolneniia izmerenii massovykh dolei vitamina A (v forme retinolatsetata), E (v
forme atokoferolatsetata) i D (v forme kholekaltsiferola) v premiksakh i vitaminnykh kontsentratakh metodom obrashchenno-fazovoi
VEZhKh s ispolzovaniem zhidkostnogo khromatografa «Liumakhrom» [Method M-04-41-2005. Procedure for Measuring the Mass
Fractions of Vitamin A (in the Form of Retinolacetate), E (in the Form of Atocopherolacetate) and D (in the Form of Cholecalciferol)
in Premixes and Vitamin Concentrates by Reverse-Phase HPLC using the Lumachrome Liquid Chromatograph]. Retrieved from
https://ohranatruda.ru/ot_biblio/norma/571695/ [in Russian].

22 (2012). GOST 32043-2012. Premiksy. Metody opredeleniia vitaminov A, D, E [Premixes. Methods for determination of vit-
amins A, D, E]. Retrieved from http://libnorm.ru/Files/551/55184.pdf [in Russian].

23 (1994). Rastitelnye resursy Rossii i sopredelnykh gosudarstv: tsvetkovye rasteniia ikh khimicheskii sostav, ispolzovanie.
Sem. Butomaceae — Typhaceae [Plant resources of Russia and neighboring states: flowering plants their chemical composition, use.
Families Butomaceae — Typhaceae]. Saint-Petersburg: Nauka, 8, 30 [in Russian].

150 BecTHuk KaparaHgmMHCKOro yHusepcureTa



