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DETERMINATION OF QUALITY MARKERS
IN SUPERCRITICAL CO: EXTRACTS OF MILLET

Actuality. The article presents the results of a study on CO: extracts of millet to determine their quality using various analytical
methods. Establishing quality markers for millet extracts is crucial for the food, pharmaceutical, and cosmetic industries to assess raw
material quality.

The purpose of this study is to identify and establish reliable quality markers for assessing the composition and value of millet
supercritical CO: extracts.

Material and methods. A Shimadzu GCMS-QP2010 Ultra gas chromatograph with a DB-WAX column (30 m x 0,32 mm x 0,25
pm) was used to identify extract components. The fatty acid composition of the extracts was determined using a GC-2010AF Plus gas
chromatograph with a flame ionization detector and an HP-INNOWAX column (30 m x 0,53 mm % I um). Quantification of squalene
was performed using a Shimadzu Nexera LC-30 liquid chromatograph with a photometric detector and a Symmetry C18 column (150
x 4,6 mm, 3,5 um).

Research results. The following compounds were identified in the millet extract: palmitic, stearic, oleic, linoleic, and linolenic fatty
acids, as well as squalene and miliacin. The fatty acid composition of the oil in the millet extract was considered a potential quality marker.
It was found that the fatty acid composition in the selected samples was nearly identical, except for one commercial extract, which showed
a significant difference in fatty acid ratios. An eco-friendly method for quantifying squalene using liquid chromatography with ethanol and
isopropanol as solvents was developed, reducing environmental impact. Significant differences in squalene content were observed among
the extracts: 1,05, 1,01, and 0,45% in flour, meal, and groats extracts, respectively, while only trace amounts of squalene were found in one
commercial extract. Miliacin was detected in all extracts except for the same low-quality commercial sample.

Conclusion. Based on the results obtained, the fatty acid composition can be considered an indicator of millet extract quality.
Squalene and miliacin were identified as key quality markers of CO: millet extracts.

Key words: CO: extraction, millet, squalene, miliacin, fatty acid composition.
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BCTAHOBJIEHHSA MAPKEPIB AKOCTI HAAKPUTUYHUX CO,-EKCTPAKTIB ITPOCA

Axmyanvuicmo. Y cmammi npeocmasneno pezyiomamu 0ocuioxcerts COz-ekempaxkmis npoca 3 Memor 6U3HAUeHHs! IXHbOI KO-
cmi 3a 00NOMO20H0 PISHUX AHATIMUYHUX MemOodis. Bcmanosenenns mapkepie sKocmi eKcmpakmie npoca 8ajiciuee 8 Xapuosit, gapma-
YesmuuHil | KOCMeMUUHIlL RPOMUCIOB0CII Ol OYIHIOBAHHS AKOCTE CUPOBUHU.

Mema docnidscenns — ioenmugpixayis ma 6cmanogients HadiiHux Mapkepie 01a oyiniosanhs axocmi Haokpumuunux CO:z-excmp-
akmie npoca.

Mamepian i memoou. /{15 ioenmupixayii Komnonenmie ekcmpakmia 6y10 UKOPUCTIAHO 2A308ULL XPOMAMO2paQ i3 Mac-0emeKmo-
pom “Shimadzu GCMS-QP2010 Ultra” i xpomamoepaghiunoio kononroro “DB-WAX” 30 m x 0,32 mm x 0,25 mxm. [{ns ecmanosenenns
JHCUPHO-KUCTIOMHO20 CKAAJY eKCmpakmie npoca suxopucmaro 2azosuil xpomamoepagh “GC-2010AF Plus” i3 nonymsano-ionizayitinum
demexmopom i xpomamozpagpiunoro konoukor “HP-INNOWAX” 30 m % 0,53 mm X 1 mxm. /][5 KibKiCHO20 8U3HAUEHHSL CK8ANEHY 6YIL0
suxopucmaro piounnuti xpomamoepag) “Shimadzu Nexera LC-30" 3i cnekmpoghomomempuyHum 0emexmopom i Xpomamozpa@ivHoo
xononxoio “Symmetry C18 column”™ (150 x 4,6 mm, 3,5 mrm).

Pezynomamu 0ocniocenns. byno ioenmugpikoeano maxi cnonyku 6 ekcmpaxmi npoca, AK: naibMimuHosa, CmeapuHosa, oneinosa,
JiHONe6a ma AiHONEeHO6A JICUPHI KUCTIOMU, d MAKOJIC CKeaneH [ miniayut. Sk nomenyitinutl mapkep AKocmi po3enaHymo JHCUPHO-KUC-
Jlomuull CKnao onii, wo micmumucs 6 ekcmpakmi npoca. byno ecmanosneno, ujo sHcupHo-KUCIomHuull ckaao y 6uOpaHux 3paskax € npax-
MUYHO OOHAKOBUM, 30 BUHATNKOM OOHO20 3 KOMEPYIUHUX eKCIPAKmMis, KUl NOKA3A8 ICMOMHY 8IOMIHHICIb Y CRIBBIOHOWEHHT HCUPHUX
Kucnom. /[na oyino8ants émicmy ckeanieHy 0yno po3pobieHo ekobe3neuny Memoouxy 0jis KibKiCHO20 8U3HAYEHHS MEmMOoOoM PIOUHHOT
Xpomamozpaghii' 3 BUKOPUCIAHHAM eKODe3NeYHUX POSYUHHUKIE, a came emaHomy U i30nPONAnONY, Wo 00380A€ SMEHWUMU He2AMUEHUL
8N1U6 HA HABKOIUWHE cepedosuiye. Buasneno 3Hauni 6IOMIHHOCII Yy éMicmi CK8ANleHy ceped eKCmpaKkmis: 6 eKCmpakmax 60pownda,
MyuKu ma kpynu npoca eémicm ckeanery cmanosus 1,05, 1,01 ma 0,45% 6i0nogiono, mooi sk 6 0OHOMY 3 KOMEPYIUHUX eKCMPAKmis
CKBAEH BUABTEHO auute y clidosux Kinbkocmsax. Taxk camo miniayun 6y8 usieHull 8 yCix eKCmpakmax, okpim 00Ho2o, wo niomeep-
00ICYE HU3BKY AKICIMb Y020 eKCMPAKNIY.

Bucnoeok. Ha ocnosi ompumanux pe3ynomamis MoxicHa 3p00Umu GUCHOBOK, W0 HCUPHO-KUCTOMHULL CKAO € OOHUM 13 NOKA3HUKIS,
30 AKUMU MOHCHA SUSHAUAMU AKICMb eKcmpakmy npoca. Binbw cneyudiunumu mapkepamu € HasA8HICMb CK8ANEHY MdA MINIAYUHY, AKi
oynu susnaueni sax knovosi mapkepu axocmi COz-excmpaxmis npoca.

Knrouosi cnosa: CO:-excmpakyis, npoco, ckeaniet, Miniayut, CKiao HCUPHUX KUCLOM.
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Introduction. Actuality. Millet (Panicum miliaceum
L.) is an important cereal crop and a valuable compo-
nent of the human diet. It is known that millet possesses
effective medicinal and nutritional properties, including
antioxidant, anticancer, and anti-inflammatory effects
(Liang et al., 2010). Millet oil could be a good source of
linoleic acid and tocopherols, which may have benefits
for health (Sarita & Singh, 2016). Consumption of fox-
tail millet and proso millet decreased serum triglyceride
and C-reactive protein levels in hyperlipidemic rats, but
did not affect oxidative status (Lee et al., 2010). Millet
seed oil promotes hair growth by activating B-catenin
signaling and increasing hair follicle size and number
(Lee et al., 2023). Millet consumption has shown prom-
ising effects on lipid profiles and overall health. Stud-
ies indicate that millet intake can significantly reduce
total cholesterol, triglycerides, while increasing HDL-C
(good cholesterol) (Anitha et al., 2021). Moreover, mil-
let contains oil, which is a source of oleic, linoleic, and
linolenic fatty acids, essential components of the diet.
The authors (Nizhenkovska et al., 2024) demonstrated
that the content and ratio of higher fatty acids in tissues
serve as an indicator of the severity of the pathological
process and a marker for its correction.

Currently, CO: extraction is not widely used in the
production of millet extracts for the food industry. How-
ever, CO: extraction offers several advantages over other
methods: a) solvent safety: CO: is non-toxic and does not
pollute the environment. This makes the method more
environmentally friendly compared to traditional organic
solvents extraction such as chloroform or hexane, which
can be toxic and difficult to utilize (King, 2002), b) no
residual solvents and lower metal content: The extract
contains no residual solvents, and the levels of metals are
significantly lower (Wen-lan, 2009), c) the process oper-
ates at low temperatures, allowing for the preservation of
heat-sensitive (thermolabile) compounds.

CO: extraction provides the opportunity to obtain the
highest quality and quantitative characteristics of val-
uable components from the by-products of millet pro-
cessing (Glew et al., 2008; Bossard et al., 2013). The
extraction of fatty oils, triglycerides, and phospholipids
from millet flour is one of the most effective methods.
Accordingly, the extracts themselves are valuable raw
materials and subjects of research. Researchers have
identified the nutritional characteristics of various millet
products, including the fatty acid composition (Zhang et
al., 2015; Ji et al., 2019; Shen et al., 2018; Bora et al.,
2019; Slama et al., 2020), amino acid content (Glew et
al., 2008; Shen et al., 2018; Sharma et al., 2024), miner-
als (Glew et al., 2008; Sharma et al., 2024), squalene (Ji
et al., 2019), miliacin (Bossard et al., 2013).
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Currently, the fatty acid composition of millet seed
oil and its processed products is being intensively stud-
ied, with a focus on variations depending on the variety
and growing conditions.

In the study (Zhang et al., 2015) 35 samples of fox-
tail millet were analyzed, including 7 varieties grown
in 5 different regions of China. The fatty acid composi-
tion of these varieties, including the 5 main fatty acids,
varied within the following ranges: for palmitic acid,
7,05-7,86%; for stearic acid, 5,92-7,34%; for oleic acid,
15,01-17,09%; for linoleic acid, 65,51-68,30%; and for
linolenic acid, 2,25-2,77%. A similar fatty acid compo-
sition was also reported in the study (Liang et al., 2010).

In the paper (Slama et al., 2020), the fatty acid com-
position of pearl millet was determined. Five main fatty
acids were identified, with the relative content of pal-
mitic acid at 16,79%, stearic acid at 5,02%, oleic acid
at 27,07%, linoleic acid at 47,50%, and linolenic acid at
2,15%. A similar fatty acid composition was found for
palmitic acid at 15,7%, stearic acid at 5,02%, oleic acid
at 34,1%, and linoleic acid at 42,0% in little millet (Pan-
icum sumatrense Roth.)(Sharma et al., 2024).

In the research (Ji et al., 2019) the fatty acid compo-
sition of different fractions of foxtail millet bran extract
was determined. The fatty acid composition of the frac-
tions, including the 5 main fatty acids, varied within the
following ranges: palmitic acid, 7,43-8,51%; stearic
acid, 4,59-5,04%; oleic acid, 12,86-17,08%; linoleic
acid, 65,21-68,8%; and linolenic acid, 3,00-3,65%. In
the work (Glew et al., 2008) the fatty acid composition
of finger millet was analyzed, revealing the follow-
ing: palmitic acid 22,7%, stearic acid 2,1%, oleic acid
44,0%, linoleic acid 20,2%, and linolenic acid 3,7%. In
conclusion, the fatty acid composition of millet varies
depending on the species and growing conditions, but it
is generally found that the main fatty acids present in the
extracts are oleic, linoleic, palmitic, and linolenic acids.
Specifically, oleic and linoleic acids make up the major-
ity of the fatty acids, making millet a promising source
of these beneficial compounds.

Squalene content was determined in the study (Ji et
al.,2019), where it was found to be in the range of 10-13
mg per 100 g of millet oil extracted from various bran
fractions. By the authors (Sharma et al., 2024) identi-
fied squalene using liquid chromatography, however,
no quantitative determination was performed. No infor-
mation has been found regarding the squalene content
in millet extracts obtained through the CO2 extraction
method, highlighting the need for further investigation.

The presence of miliacin in ancient civilization ves-
sels is considered by some researchers as a marker for the
use of millet in their diet (Jacob et al., 2008), while other
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researchers approach this idea with caution (Bossard et
al., 2013). However, all agree that millet contains signif-
icant amounts of miliacin, and this crop can be distin-
guished by the identification of this compound

The use of millet extracts is also highly popular in the
production of dietary supplements and cosmetic prod-
ucts. Therefore, this study focuses on developing quality
assessment criteria for supercritical CO: extracts of mil-
let, obtained from various raw materials and commer-
cially available from different manufacturers. To inves-
tigate the qualitative and quantitative characteristics that
could indicate the quality of millet extract, CO. extrac-
tion was performed on different millet products, namely:
millet flour, ground millet groats, and millet bran —
by-products from millet milling. Commercial extracts
were also purchased from online stores for comparison.

The purpose ot this work is to identify quality
markers for COz-extracts of millet by studying their fatty
acid composition, squalene content, and miliacin, which
will allow for the assessment of the authenticity and
quality of the extracts, determine the peculiarities of the
raw material’s chemical composition, and also develop
criteria for the identification and standardization of mil-
let-based products.

Materials and methods. Research objects: CO2-su-
percritical extracts of millet flour, millet groats, and
millet bran (obtained at the M.P. Semenenko Institute
of Geochemistry, Mineralogy and Ore Formation of the
National Academy of Sciences of Ukraine) under the fol-
lowing conditions: CO: pressure — 20 MPa, temperature
33 °C, extraction time — 1 hour. Commercially available
extracts: CO2-supercritical millet extract 1 (Germany),
CO2-supercritical millet extract 2 (Ukraine).

Standard samples: standard sample of flaxseed oil,
PHR2980 Supelco; Squalene, S3626, Sigma-Aldrich.

Reagents: heptane (cat. number 34873) Honey-
well; potassium hydroxide (cat. number 30603), Sig-
ma-Aldrich; methanol (gradient grade, cat. number
20864.320) VWR BDH Chemical; 2-propanol (cat.
number 34863), Sigma-Aldrich, Ethyl alcohol (96 vol.
%, Lux) State Enterprise “Ukrspyrt”, chromatography
water, obtained on Simplicity UV system, Millipore,
USA; carrier gas — helium (99.999%).

Component identification in millet extract. Chroma-
tographic conditions: Shimadzu GCMS-QP2010 Ultra.
Column: DB-WAX 30 m x 0,32 mm % 0,25 um. Tem-
perature program: initial 80 °C, then +10 °C/min to 240
°C, 20 minutes at 240 °C. Carrier gas: helium. Injector
temperature: 220 °C. Split ratio: 20 : 1, flow rate: 5,00
ml/min. Injection volume: 0,5 pl. Mass detector param-
eters: ion source temperature: 230 °C. Temperature: 250
°C. Sample preparation for component identification in
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millet extract: weight of about 0.1g (accurate weight)
of each COz-supercritical extract and standard flaxseed
oil placed into a 20 ml flask. Add 5 ml of heptane and
10 ml of potassium hydroxide solution in methanol
(38 g in 100 ml of methanol). Shake intensively for
3 minutes. The upper layer was use for chromatography.

Determination of the fatty acid composition of millet
extracts was carried out according to the methodology of
the European Pharmacopoeia monograph 2.4.22 “Com-
position of fatty acids by gas chromatography”. Appa-
ratus: GC-2010AF Plus with a flame ionization detec-
tor. Column: HP-INNOWAX 30 m x 0,53 mm x 1 um.
Temperature program: initial 170 °C, then +3 °C/min
to 230 °C. Carrier gas: helium. Injector tempera-
ture: 250 °C. Split ratio: 50 : 1, carrier gas flow rate:
5,44 ml/min. Injection volume: 0,5 ul. Flame ioniza-
tion detector temperature: 250 °C. Samples prepared for
components identification were used.

The determination of squalene was carried out by
HPLC using a Shimadzu LC-30 liquid chromatograph with
a spectrophotometric detector, and a Symmetry C18 col-
umn (150 x 4,6 mm, 3,5 wm). The mobile phase used was
96 vol. % ethanol. The column temperature was maintained
at 40 °C. The injection volume was 2 pl. The flow rate of
the mobile phase was 1.0 ml/min. Sample preparation for
quantitative determination of squalene: 0,2 g samples of
five CO:-supercritical extracts (three samples of each) were
dissolved in a small amount of solvent (2-propanol) and
brought to the mark in a 10 ml volumetric flask with the
same solvent. Standard squalene substance samples (0,1 g,
accurate weight) were prepared in duplicate, dissolved in a
small amount of solvent (2-propanol), and brought to the
mark in a 50 ml volumetric flask, resulting in a concentra-
tion of 2,0 mg/ml squalene standard. For calibration and
verification of the chromatographic system’s suitability, six
dilutions of the above standard solution were prepared with
concentrations 0,03; 0,24; 0,20; 0,16; 0,12; 0,08 mg/ml.
Resolution solution: squalene and tocoferol acetate solu-
tion with concentration of 0,2 mg/ml in 2-propanol.

Calculations:

Resolution: Rs = 1,18 (t, - t)/(w,, + w,,), where t,,
t,— retention times of the peaks; w, , w, — peak widths
at half height.

Column efficiency: N = 5,54 x (t /w,)>, where t , t —
retention time; w, — peak width at half height.

Symmetry factor: As = w, /2d, where w  — width
of the peak at one-twentieth of the peak heigh; d — dis-
tance between the perpendicular dropped from the peak
maximum and the leading edge of the peak at one-twen-
tieth of the peak height.

Results and discussion. For the investigation of
qualitative and quantitative characteristics that could

h1°
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indicate the quality of millet extract, CO»-extraction was
performed on different millet products, specifically: mil-
let flour, ground millet grains, and millet bran — waste
from the milling process. Millet flour: this product may
contain a high amount of carbohydrates and proteins, as
well as phytochemical compounds that could be useful
in dietary supplements. Ground millet: This contains a
higher amount of fiber and may be a source of less solu-
ble components. Millet bran (waste after milling): This
material may have a different composition, as it often
retains residual seed husk particles, which could affect
the content of vitamins, minerals, or other active com-
pounds. Additionally, commercial extracts were pur-
chased from online stores.

Identification of the components of CO: extracts
of millet. The use of gas chromatography (GC) com-
bined with mass spectrometry (MS) for the identifica-
tion of components in CO-extracts of millet is a highly
effective approach for analyzing the composition of
extracts. This combination allows the identification of
specific compounds that may serve as potential quality
markers. Mass spectrometry libraries are an important
tool for compound identification, as they contain infor-
mation about the mass and fragmentation of molecules
from various compounds, enabling automatic compari-
son of analysis results with databases. The identification
results using the NIST (National Institute of Standards
and Technology, USA) library spectra are presented in
the table 1.

Table 1
Component identification of supercritical extracts
Millet | Ground Millet Extract
Compound flour millet Gran Extract 1 5
Palmitic acid + + + + +
Stearic acid + + + + +
Oleic acid + + + + +
C1s—13‘—olelc B B N B n
acid
Linoleic acid + + + + +
Linolenic
. - + + + +
acid
Elcos.amc B n n n n
acid
Cis-13-
eicosanic - + - + +
acid

The table 1 shows the identification of fatty acids
that are components of triglycerides in millet extracts.
The fatty acid composition and triglyceride content in
CO: extracts of millet can provide important informa-
tion about the origin and quality of the extract, although
fatty acids are not direct markers of millet quality. In
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particular, the fatty acid composition and triglycer-
ide concentration may indicate specific features of the
extraction technology or the presence of specific com-
ponents that define the nutritional or pharmacological
value of the extract. Additionally, squalene and milia-
cin were identified, as shown in the table 2, which may
serve as marker substances, as they are found only in
certain crops. Squalene is a natural tetraterpenoid found
in many plants and animal fats, but it can be found in
significant amounts in oils from crops such as amaranth
and olives (olive oil).

Miliacin is a specific compound that occurs only in
millet, making it a unique marker for this crop. As a nat-
ural compound, miliacin is an important element that can
indicate the authenticity and quality of the extract. Its
presence is an indicator that the extract truly originates
from millet, as miliacin is not found in other plants. This
allows millet extracts to be distinguished from other
plant oils or supplements that may have similar proper-
ties but do not contain miliacin.

Table 2
Identification of squalene and miliacin
in extract samples
Compound Millet | Ground Millet Extract | Extract
P flour millet Gran 1 2
Squalene + + + + Traces
Miliacin + + + + -

The absence of positive identification for miliacin
and squalene in the Extract 2 is an important signal for
checking the quality and authenticity of this product.
Since miliacin is a specific marker for millet and squalene
is usually present in significant amounts in millet oil, its
absence may indicate several potential issues: a) the raw
material did not contain millet, which may suggest that
the extract was not obtained from millet but from another
plant source that does not contain these specific mark-
ers (for example, from the oil of other crops that contain
squalene but lack miliacin); b) dilution with oil of differ-
ent origin: if the extract contains other oils with similar
physical properties (such as amaranth or olive oil, which
also contain squalene but lack miliacin), it may reduce the
concentration of millet markers; c) insufficient concen-
tration of active components from millet due to improper
or ineffective extraction methods, which may lead to a
decrease in the levels of squalene and miliacin.

Fatty acids composition. The application of the
European Pharmacopoeia Monograph 2.4.22 for determin-
ing the fatty acid composition using gas chromatography
(GCO) is a reliable approach for the accurate identifica-
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tion and quantitative determination of fatty acids in CO2
extracts. Comparing with a known standard, such as flax-
seed oil, ensures precise determination. In this case, the
European Pharmacopoeia 2.4.22 methodology involves
using fatty acid methyl esters, which is a standard proce-
dure for determining the fatty acid composition of oils.
Flaxseed oil was chosen as the standard for comparison due
to its well-known fatty acid composition, allowing identifi-
cation of key fatty acids: palmitic acid (C16:0), stearic acid
(C18:0), oleic acid (C18:1, omega-9), linoleic acid (C18:2,
omega-6), and linolenic acid (C18:3, omega-3), fig. 1. The
identification results for flaxseed oil were used to identify
the corresponding fatty acids in millet extracts.

The fatty acid composition of the millet extracts was
determined, and the results were obtained by normaliza-
tion, calculating the proportion of the signal of a specific
fatty acid relative to the total signal of all fatty acids,
results are shown in table 3.

The results of the fatty acid composition analysis of
the extracts show significant differences between Extract
2 and other millet extracts, which requires further inves-
tigation. According to the data in the table 3, the follow-
ing conclusions can be made: the content of oleic acid
in all extracts, except for commercial extract 2, ranges
from 22,5 to 24,7%. The content of linoleic acid in millet
extracts varies from 66,5 to 68,9%, which corresponds
to the fatty acid content in the Millet Foxtail variety. The
main fatty acid composition of millet extracts includes
a significant amount of linoleic acid (omega-6), which

Table 3
Fatty acid composition
Compound l\lfilillet Gr?lllllltd D(’;[illet Extlract Ext;'act
our | mille ran

Palmitic acid 5,5 7,5 7,0 5,7 5,9
Stearic acid 1,5 3,0 1,2 1,1 3,0
Oleic acid 24,3 22,5 24,7 23,6 57,4
Linoleic acid | 68,7 66,5 66,5 68,9 30,8
Linolenic acid | 0,0 0,6 0,6 0,7 2,9

is typically found in plant oils. The content of oleic acid
(monounsaturated omega-9 acid) is also quite high. The
ratio of oleic to linoleic acid. In the first four extracts, the
ratio of oleic to linoleic acid ranges from 2,69 to 2,96.
This indicates that linoleic acid predominates in these
extracts, but oleic acid still occupies a significant por-
tion. In extract 2, the amount of oleic acid is twice as
much as linoleic acid. The ratio of oleic to linolenic acid
in this extract is 0,54, which is significantly lower com-
pared to the ratios in other extracts. This ratio is close
to fatty acids ratio in Finger Millet variety (Slama et al.,
2020), with the distinction that the content of oleic and
linoleic acids is lower, while the content of palmitic acid
in this variety is four times higher, approximately 23%.

The identified difference in the ratio of oleic to lino-
lenic acid in extract 2 is significant. Oleic acid signifi-
cantly predominates in this extract, which may indicate

Chromatogram leenseed C:\GCsolution\Data\Project N\GC-312023\S171023_fattyacids\leenseed_2_19.10.2023_1.ged - Channel
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Fig. 1. Flaxseed oil standart solution chromatogram
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mixing with other oils: It is likely that oils rich in oleic
acid (such as olive oil or sunflower oil) were added to
extract 2, altering its fatty acid composition. This may
explain the high content of oleic acid and the significantly
lower content of linolenic acid. The mixing with other oils
could be an attempt to improve its economic efficiency.

The content of triglycerides of fatty acids in the
extracts. In addition to the fatty acid composition, the
mass content of triglycerides in the millet extracts can
be assessed using a flaxseed oil standard sample. During
the determination of the fatty acid composition of millet
extracts, the triglyceride content was established. The
results are presented in table 4. The results of the oil con-
tent analysis in different millet extracts show significant
differences between the extracts, confirming the influence
of the raw material on the final product composition.

Table 4
Triglicerides content in millet extracts
Compound Millet | Ground | Millet | Extract | Extract
p flour millet Gran 1 2
Oilcontent, | 5 ¢ | 990 | 436 | 758 | 734
mass. %

The oil content in the flour extract was found to be
around 7,6%, which indicates that the flour contains a rel-
atively low amount of fatty acid triglycerides. This extract
also appeared the darkest in color and remained solid at
room temperature. The millet grain extract, on the other
hand, contained 99,0%, which means that most of the sub-
stance in this extract is composed of fatty acid triglycerides.
This extract also appeared light in color and remained in a
liquid state at room temperature. The oil content in the bran

extract was 43,6%, while in the commercial extractl, it was
75,8%, and in the commercial extract 2, the oil content was
73,4%. Since the oil fraction content in different extracts
can vary significantly depending on the raw material used
for extraction, this parameter cannot be used as a marker to
verify the quality of the extract.

Squalene determination. For the quantitative deter-
mination of squalene, the principles of “green” chemistry
were applied to minimize environmental impact. Eco-
friendly solvents — ethanol and 2-propanol — were used as
the mobile phase and sample solvent, respectively. These
solvents are less toxic compared to traditional organic sol-
vents often used in the analysis of lipophilic compounds,
such as chloroform or hexane. They comply with the prin-
ciples of “green” chemistry, as they have low toxicity and
break down quickly in the environment, reducing the risk
of environmental pollution. Prior to the determination,
the metrological characteristics of the method were estab-
lished, and the results are presented below.

Chromatography system suitability. Chromato-
gram of standard solution is shown on fig. 2. The chro-
matographic system is considered suitable if the follow-
ing conditions are met in the chromatogram of standard
solution and resolution solution:

1. RSD (relative standard deviation), % peak area
of 6 injections of the standard sample (0,2 mg/mL) does
not exceed 1,0%. Obtained 0,05%.

2. RSD, % retention times of 6 consecutive injections
of the standard sample (0.2 mg/mL) does not exceed
0,5%. Obtained 0,09%.

3. The column efficiency (N) of squalene in the chro-
matogram of the suitability test solution is not less than
5 000 theoretical plates. Obtained 10 271 theoretical plates.

<Chromatogram>
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Fig. 2. Chromatogram of standard solution
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4. Resolution (Rs) of squalene from alpha-tocopherol
acetate is at least 2,0 in the chromatogram of the resolu-
tion solution. Obtained 7,8.

5. The symmetry (As) of the squalene peak in the
chromatogram of the standard solution should be
between 0,8—1,8. Obtained 1,2.

To establish the dependence of peak area on concen-
tration, 6 solutions were prepared by diluting the stock
solution to concentrations of 40, 60, 80, 100, 120, 150%
of the nominal concentration of 0,2 mg/ml, in the range of
0,08-0,3 mg/ml. The equation obtained is y = 6 898 543,5
x x + 28 500,2. The standard quadratic deviation for the
intercept of the equation was SD (a) = 3 636,0, and the

<Chromatogram>
mV

5,542

150

100

50

0,0 25 5,0 75

10,0

standard deviation for the coefficient b (slope) was SD
(b) = 17 876,35. The regression coefficient r>= 1,000,
which meets the correlation coefficient requirements of at
least 0,998. The intercept a is practically negligible, as its
signal accounts for 2,0 % of the signal from the standard
sample with a concentration of 100% (0,2 mg/ml).

From the calibration curve, the limit of quantification for
squalene in the extract was established at 0,026 mass % (using
the formula 10 x SD (a)/b), and the detection limit was estab-
lished at 0,009 mass % (using the formula 3,3 x SD (a)/b).

Squalene determination in samples. Squalene was
quantified in the extracts using the developed method,
and the results are presented in table 5. Fig. 3 shows the

Detector A 210nm

15,0 17,5 20,0

min

Fig. 3. Chromatogram of millet gran extract solution
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Fig. 4. Presents the chromatogram of commercial extract 2, where squalene is identified
as a trace peak at 5,54 min
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chromatogram of the millet gran extract, where squalene
is identified at 5,54 min.

Assay results for squalene are presented in Table 5.
The obtained data indicate that squalene is present in
millet extracts derived from CO2 extraction of mil-
let flour, ground millet, and millet gran. Additionally,
squalene was detected in commercial extract 1 but was
absent in commercial extract 2, supporting the suspicion
of adulteration.

Table 5
Squalene content in CO,-ecstracts
Compound Millet Gr9und Millet | Extract | Extract
flour | millet | Gran 1 2
Squalene, % | 1,05 1,01 0,45 0,25 Traces

Conclusions. It has been established that palmitic,
stearic, oleic, linoleic, and linolenic fatty acids, as well as
squalene and miliacin, were identified in supercritical
CO: extracts of millet obtained from flour, millet grain,
and bran, as well as in samples of commercial extracts.
In commercial extract 2, neither squalene nor miliacin
was detected, indicating a potential case of adulteration.

It was found that supercritical CO: extracts contain
varying amounts of oil: the flour extract — around 8%,
the millet grain extract — around 99%, the bran extract —
around 44%, commercial extract 1- around 76%, and

commercial extract 2 — around 73%. However, the fatty
acid composition is more consistent across most extracts.
Specifically, the oleic acid content ranges from 22,5 to
24,7%, and the linolenic acid content ranges from 66,5
to 68,9% in all extracts except for commercial extract 2,
where the linolenic acid content was 30,8% and the oleic
acid content was 57,4%.

An eco-friendly, selective method for determining
squalene in millet extracts by liquid chromatography was
developed. The squalene content was determined as fol-
lows: CO2-supercritical flour extract — 1,05%; CO2-su-
percritical bran extract — 1,01%; CO2-supercritical mil-
let grain extract — 0,45%; CO2-supercritical commercial
extract 1-—0,25%; CO2-supercritical commercial extract
2 — trace amounts of squalene were detected.

Thus, it has been established that the markers for
determining the quality of millet extracts may include
the fatty acid composition of the extract, presence and
content of squalene, as well as the presence of the main
millet marker — miliacin.

The proposed approaches for identifying key bio-
markers such as squalene and miliacin, as well as the
fatty acid profile, can serve as a basis for the standard-
ization and quality control of supercritical CO. millet
extracts. This is essential for preventing product adulter-
ation and ensuring compliance with food or pharmaco-
logical quality requirements.
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