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The aim of the work. Determination of the qualitative composition of flavonoids in local samples of Agrimony herb
according to the requirements of the State Pharmacopoeia of Ukraine (SPU) for flowering tops of Agrimony and
development of the methods of quantitative determination of flavonoid content in it is the urgent matter.

Materials and Methods. To study the qualitative composition of flavonoids, four local samples of Agrimony were used;
the evaluation of quantitative content of flavonoids was carried out for five samples. A thin-layer chromatography was
used to study the qualitative composition and spectrophotometry — to determine the quantitative content of flavonoids.
Results and Discussion. The research proved that qualitative composition of flavonoids in Agrimony complied with
the requirements of the State Pharmacopoeia of Ukraine for Agrimony flowering tops. To identify the Agrimony, it was
suggested to detect flavonoids by thin-layer chromatography, changing the sample preparation of raw materials. Into
the reference solution, hyperoside should be added to identify it completely at the chromatogram of the test solution.
In electronic absorption spectra of alcohol extracts (70% V/V) of Agrimony in conditions of complex formation together
with aluminum chloride, the absorption maximum was observed ranging 400-403 nm. Since, the method of quantitative
determination of flavonoids was suggested, equivalent to luteolin or luteolin-7-O-glucoside using the value of specific
absorption rate of complex flavonoids compounds with aluminum chloride.

Conclusions. Rutin, hyperoside, isoquercitrin were chosen to be identification markers of Agrimony; quercitrin and other
flavonoids with nonquercetin aglycones and phenolcarboxylic acids may be evidenced as zones of orange, green and blue
fluorescence at the chromatogram of the test solution. The content of flavonoids in five samples was determined within
0.90-1.46 % equivalent to luteolin or 1.47-2.39 % as luteolin-7-O-glucoside. The difference between the values of content
for different samples is associated with various conditions of raw materials growth as well as with the ambiguousness
of the notion “herb”. Therefore, there is a need for implementation of the national part into the monograph of SPU on
Agrimony; the use of Agrimony should be provided and the concept “related substance” with criteria of largest possible
guantity of gross stems should be introduced. Taking into account the high content and biological activity of flavonoids,
the definition for “flavonoids content” should be adopted in the monograph on Agrimony.

Key words: Agrimonia eupatoria; herb; flavonoids; identification; quantitative determination; thin-layer chromatography;
spectrophotometry.

Introduction. Hepatobiliary disorders are common
pathology. Liver is involved into many processes of the
human body and hepatic injury causes serious disorders
in metabolism, detoxification, antimicrobial and immune
defence. Therefore, effective prevention and treatment
of hepatic diseases are the urgent matters of
contemporary medicine. About 80 % of hepatoprotectors
that are used in clinical practice are of vegetable origin.
Agrimony is one of the unique herbs that can be used to
treat Hepatobiliary diseases; it possesses antioxidant,
anti-inflammatory and choleretic properties [1-4].

Flavan-3-ols (catechin and procyanidins B1, B2, B3,
B6, B7, C1, C2 and epicatechin-epicatechin-catechin),
quercetin 3-O-glucoside, quercetin 3-O-galactoside,
kaempferol 3-O-glucoside, kaempferol 3-O-(6"-O-p-
coumaroyl)-glucoside and quercetin glucosides as well
as various phenolic acids are identified in Agrimony
[5, 6].

SPU contains a monograph “Agrimony”, which fully
conforms to European Pharmacopoeia. In the
monograph it is stated that flowering tops are the raw
material of Agrimony. The monograph contains macro-
and microscopic description of the raw materials,
methods of identification of flavonoids by thin-layer
chromatography (TLC) using rutine and isoquercitroside
(isoquercitrin) as standard samples, test “loss on
drying” and “total ash”, technique of tannins content
evaluation [7]. There are no national additaments to
this monograph. Agrimony is used in complementary
medicine and formal drugs production (Prostalad
tincture, manufacturer Biolik JSC, Ukraine); the cha-
racteristic feature of this medicinal herb raw material is
that the herb, which is an aboveground part of the
plant, is the local raw material; that is why its quality
indices may vary from those for flowering tops listed in
the monograph.

ISSN 2312-0967. ®apMmaneBTUYHMI yacomuc. 2017. Ne 2

38



The analysis of the literature and the SPU
requirements regarding the identification of flavonoids
demonstrate the urgent issue of further research and
determination of flavonoids in Agrimony. Due to the
unlimited opportunities for drugs production using this
herb raw material, it was decided to examine more
profoundly the flavonoid composition and content in
local Agrimony samples and offer the methods of their
quantitative determination for quality control of raw
materials and drugs made of it.

The objective of our study is the qualitative
determination of flavonoids in local samples of common
Agrimony due to the SPU requirements for Agrimony
flowering tops and development of methods of flavonoids
evaluation in it.

Materials and Methods. Agrimony samples collected
in Ternopil, lvano-Frankivsk and Chernivtsi regions were
used in the research.

Research on the qualitative content of flavonoids was
performed by the method of thin-layer chromatography
(TLC); the quantitative determination was performed by
the method of spectrophotometry.

To determine the flavonoids composition in local
Agrimony samples the conventional solvent system was
used according to the SPU monograph on Agrimony:
formic acid — water — ethyl acetate (10:10:80). Methanol
extraction of flavonoids was performed by boiling in
water bath and reflux condenser of 1.0 g of powdered
raw material and 25.0 ml of methanol for 1 hour. To
determine the flavonoids composition 20 ul of the
extracted methanol was placed on a chromatographic
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plate. The chromatograms study was performed at
ultraviolet light, wavelength 365 nm, after their treating
with methanol solutions of 10 g/l diphenylboric acid
aminoethyl ester and 50 g/| macrogol 400 solution.

Standard samples of rutin, hyperoside, apigenin-7-
glucoside, luteolin-7-glucoside, isoquercitrin, quercitrin,
luteolin, quercetin, apigenin, chlorogenic and caffeic
acids (Sigma-Aldrich, Fluka) were used for identification
of flavonoids. Chromatographic plates Silica gel 60 F,,
(Merck, Germany), chromatographic chambers, a
spotting device Linomat 5 and a lamp for chromatograms
studying at ultraviolet light (CAMAG, Switzerland) were
used in the TLC method.

The values for methanol, ethanol, ethyl acetate, glacial
acetic acid, formic acid anhydrous, aminoethyl ester,
diphenylboric acid and macrogol 400, aluminum chloride
were used according to the SPU requirements; they were
used for further mixing of solutions or mobile phases [7].

Results and Discussion. The results of Agrimony
samples study by TLC are presented in Fig. 1.

The results of TLC study lead to the conclusions that
the identification markers for flowering tops of Agrimony
declared in the Pharmacopoeia monograph: rutin,
hyperoside and isoquercitrin are present in all Agrimony
samples. In the pharmacopeia report it is also stated
that at the chromatogram there was a zone that conforms
to quercitrin. Only one sample (the third one) was
identified as quercitrin at the chromatograms of the
studied samples.

However, it should be noted that some additional
flavonoids zones at the tracks of all samples were

A

B

Fig. 1. The chromatograms that were obtained during identification of flavonoids in Agrimony. The chromatogram A: track
1 - reference solution (isoquercitrin, quercitrin, luteolin, apigenin, quercetin); track 2 — reference solution (chicoric acid,
myricetin, ferulic acid); track 3 — reference solution (rutin, chlorogenic acid, hyperoside, apigenin-7-O-glucoside,
rosmarinic and caffeic acids); track 4 — methanol extraction of the sample 1 out of Agrimony. The chromatogram B: track
1 — reference solution (rutin, chlorogenic acid, hyperoside, apigenin-7-O-glucoside, caffeic acid); track 2 — reference
solution (luteolin-7-O-glucoside and isoquercitrin); tracks 3-6 — methanol extraction of the samples 1-4 out of Agrimony.
Zone arrangement of the standard samples should be studied from top to bottom in order they were considered.
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observed: two slight ones — below and above the rutine
zone; a very intense zone at the chlorogenic acid zone;
between the chlorogenic acid zone and hyperoside zone
there was a very intense zone of slightly yellow
fluorescence, which may belong to flavonoid with
nonquercetin aglycone (due to fluorescence colouring);
an intense zone of apigenin-7-O-glucoside in samples
2-4 and a weak one in the first sample; at the track of
each sample two zones with intense green fluorescence
was observed: the first one — below the chicoric acid
zone and the second — at the apigenin zone.

It should be noted that herb phenol carboxylic acids
are in Agrimony, particularly in case of methanol extract
of the first sample on the chromatogram two very intense
zones of blue fluorescence above and below the
quercitrin zone are observed; in methanol extracts of
three other samples these zones are of significantly
lower fluorescence. Contrary to other, the second
Agrimony sample also contains chicoric acid, which at
the chromatogram of the reference sample is observed
as an intense zone of blue fluorescence at chicoric acid
zone; the samples 3 and 4 contain caffeic acid that
somewhat merges with the apigenin zone at the top of
the chromatogram.

Thus, the results of chromatographic study of four
Agrimony samples prove their compliance with the SPU
requirements for identification of Agrimony flowering
tops flavonoids.

The data obtained point out the different composition
of flavonoids, which is not limited to four compounds, as
listed in the SPU requirements. By means of high
performance liquid chromatography using different
detectors [5], in water-alcohol and ethyl acetate fractions
of Agrimonia eupatoria such flavonoids were found out:
quercetin  3-O-glucoside, quercetin  3-O-galactoside,
kaempferol 3-O-glucoside, kaempferol 3-O-(6"-O-p-
coumaroyl)-glucoside, apigenin 6-C-glucoside, and
various phenolic acids; whereas the authors [4] for this
type of raw material by HPLC/DAD in methanol extracts
established hyperoside, isoquercitrin, rutin, apigenin-O-
glucoside, apigenin-6-C-glucoside (isovitexin) and two
compounds, which had not been identified before. The
authors [8] by TLC in the aqueous extract identified
myricetin, azoleantin, vitexin and isoorientin, and the
methanol extract contained kaempferol, quercetin,
isorhamnetin and myricetin. In the research [9], the
results of isolation and identification of ten flavonoids
were described: kaempferol 3-O-B-D-(2"-O-acetyl)
glucopyranoside, tiliroside, astragalin, apigenin 7-O-3-
D-glucuronide, rutin, isoquercitrin, quercitrin, luteolin
7-O-B-D-glucuronide and luteolin  7-O-B-D-glucopy-
ranoside and for the first time kaempferol 3-O-f3-D-(2"-
O-acetyl-6"-(E)-p-coumaroyl)-glucopyranoside
(2"-acetyl-tiliroside) was identified. Data on the presence
of hyperoside, rutin, isoquercitrin, quercitrin, isovitexin;
apigenin, its 7-O-glucoside, 7-O-B-D-glucuronide;
kaempferol, its 3-glucoside, 3-rhamnoside, 3-rutinoside,

7-O-B-D-glucuronide, malonyl hexoside, hexoside,
4’-methyl ether (kaempferide), kaempferide 3-rham-
noside; luteolin, its glucuronide isomer, 7-O-glucoside,
7-O-glucuronide; quercetin, its 3-O-rhamnoside, rham-
noglucoside isomer, malonyl hexoside isomers were
presented by the authors [10].

Thus, comparing the obtained data with the literature
and the SPU requirements on raw material of Agrimony
flowering tops, to identify Agrimony the chromatographic
detection of flavonoids should be performed. The
presence of three zones of flavonoids at chromatograms
of the test solution: rutin, hyperoside and isoquercitrin,
and the possible additional quercitrin zone should be a
quality criterion. The chromatogram example of the test
solution presented in SPU describes requirements
ambiguously: without knowing the exact position of
hyperoside zone it is difficult to determine the hyperoside
zone on the test solution chromatogram. Since, due to
the analysis of the literature and research results,
several additional zones of flavonoids are observed and
should be evidenced. In this regard, hyperoside should
be added into the comparison solution together with
routine and isoquercitrin to identify Agrimony that is the
available standard. It is important to point out that at the
chromatogram of the test solution above the isoquercitrin
zone there are three zones of bright green fluorescence,
which may include apigenin glycosides and kaempferol,
and the emergence of zones with blue fluorescence
(phenol carboxylic acid) is presumable.

Due to the above issues, to identify common Agrimony
the method of flavonoids detection by TLC is suggested,
by changing in Pharmacopoeial method the sample
preparation of raw material: improving the composition
of the reference solution and quality criteria.

Method of Agrimony flavonoids identification

Test solution. 1.0 g of the powdered raw material is
placed into a 50 ml conical flask and 25 ml of methanol
is added and boiled under a reflux condenser in a water
bath for 1 hour. Allow the flask with the solution to cool
and the extract is filtered by a paper filter into a 25 ml
measuring flask decanting the liquid. The flask with the
raw material and the filter are rinsed with methanol R
diluting the volume of the filtrate up to the mark, and
mixed.

Reference solution. 5.0 mg of rutin CRS (Fluka),
5.0mg of hyperoside CRS (SPU), 5.0 mg of
isoquercitroside  (isoquercitrin) CRS (Fluka) are
dissolved in 10.0 ml of methanol R.

Plate: TLC silica gel R plate.

Mobile phase: anhydrous formic acid R — water R —
ethyl acetate (10:10:80) (V/V/V).

Sample volume applied: 20.0 ul of the test solution
and 10.0 pl of the reference solution in 1 cm bands.

Development: 12 cm from the spotting line.

Drying after the chromatography: in air.

Drying before development: in the drying cabinet at
100-105 °C for 10 min.
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Detection: a still-warm plate is sprayed with 10 g/l of
diphenylboric acid aminoethyl ester R in methanol R,
dried in air; then the plate is sprayed with 50 g/l of
macrogol 400 R in methanol R, dried in air for 30 min
and studied at ultraviolet light, wavelength 365 nm.

Results: at the reference solution chromatogram
three yellow-orange fluorescent zones of rutin,
hyperoside and isoquercitroside (isoquercitrin) should
be identified (in order of R, (retardation factor) increase).

At the test solution chromatogram three orange
fluorescent zones should be detected at rutin, hyperoside
and isoquercitroside (isoquercitrin) levels of the
reference solution chromatogram. Other zones of
yellow-orange fluorescence between the rutin and
hyperoside zones, an orange fluorescent zone over the
isoquercitroside zone — quercitroside (quercitrin) zone,
bright green and blue fluorescent zones over the
isoquercitroside zone (other flavonoids and phe-
nolcarboxylic acids) may be evidenced.

The sequence of the zones at the chromatograms of
the reference and test solutions is presented in Fig. 2.

To determine the quantitative content of flavonoids a
spectrophotometric method was suggested that allows
determining the total content. During the study of the
spectra of alcohol (70 % (V/V) extracts absorption of
Agrimony medicinal herb raw material (samples 1-4)
(Fig. 3) by complexation with aluminum chloride it was
found out that the maximum absorbance was at a
wavelength (400+£3) nm as well as the maximum
absorbance of the complex of luteolin with aluminum
chloride under similar conditions [11]. Position of the
maximum absorbance at 400 nm is caused by the
cumulative impact of absorption of various aglycones
complex compounds (quercetin, kaempferol, apigenin,
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luteolin) [4, 5, 8-10] and their glycosides with aluminum
chloride, which are formed in a 70 % ethanol medium.
Therefore, for standardization of absorption evaluation
conditions, it was decided to carry out the recalculation
of the amount of flavonoids by luteolin using specific
absorbance value of luteolin with aluminum chloride
complex at a wavelength of 400 nm [12]. It is noteworthy
that for the quantitative determination of flavonoids in
different kinds of Agrimony flowering tops [4]
recalculation by quercetin was applied, so the complex
of flavonoids with aluminum chloride in the methanol
medium was obtained and the absorption at a
wavelength of 425 nm was evaluated. The authors [13]
suggested performing recalculation of flavonoid content
in Agrimony raw material by rutin using 50 % ethanol to
extract flavonoids out of the raw material; to receive the
photometric compound using 95 % ethanol medium
and evaluating of absorbance at a wavelength of
405 nm.

During the development of the methods of quantitative
determination of flavonoids, the influence of the ethanol
concentration and sample preparation time on the
degree of flavonoids extraction was studied. It was
proved that an exhaustive extraction of flavonoids out of
raw material 70 % ethanol should be used. The tests on
the influence of time of raw material boiling with
extractant on flavonoids separation revealed that a
threefold extraction during 30, 15 and 15 minutes
consecutively is optimal.

Method of quantitative determination of flavonoids

Stock solution. 0.5 g (exact weight) of the powdered
raw material is placed into a 100 ml flat-bottom flask and
50.0 ml of ethanol (70 % (V/V) is added and boiled under
a reflux condenser in a water bath for 30 minutes. The

Isoquercitroside: an orange
fluorescent zone
Hyperoside:

fluorescent zone

an  orange

Rutin: an orange fluorescent
Zone

Reference solution

Top of the plate

an orange fluorescent zone
may be present (quercitroside)

an orange fluorescent zone
(isogquercitroside)

an orange fluorescent zone
(lyperoside)

an orange fluorescent zone
(rutin)

T est solution

Fig. 2. TLC chromatogram scheme of Agrimony flavonoids identification after its treating with solutions of aminoethyl
ester diphenylboric acid and macrogol 400 and studying at ultraviolet light, wavelength 365 nm.
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Fig. 3. The differential electronic absorption spectra of the
test solutions in terms of quantification of flavonoids in
common Agrimony raw material (the samples 1-4 of raw
materials).

flask with the solution is cooled and the extract is filtered
by a paper filter into a 100 ml measuring flask decanting
the liquid. 30.0 ml of ethanol (70 % (V/V) is added into
the meal in the flask and boiled in a water bath under a
reflux condenser for 15 minutes. The flask with the
solution is cooled and the extract is filtered into the same
measuring flask, combining the filtrates. To the meal in
the flask 15.0 ml of ethanol (70 % (V/V) is added and
boiled in a water bath under a reflux condenser for 15
minutes. The flask with the solution is cooled and the
extract is filtered into the same measuring flask,
combining the filtrates. The meal in the flask and the
filter are rinsed with ethanol (70 % (V/V) diluting the
volume of the filtrate up to the mark, and mixed.

Test solution. 5.0 ml of the stock solution is placed
into a 25 ml measuring flask, 3,0 ml of 3 % alcohol (70 %
(V/V)) solution of aluminum chloride is added and the

volume of the solution is diluted up to the mark with
ethanol (70 % (V/V)) and mixed.

Compensation solution. 5.0 ml of the stock solution is
placed into a 25 ml measuring flask and the volume of
the solution is diluted up to the mark with ethanol (70 %
(V/IV), and mixed.

The absorption of the test solution is evaluated in 45
minutes after mixing at wavelength 400+2 nm relatively
to the compensation solution.

The flavonoids amount in raw material (X), in per
cents, equivalent to a luteolin (or luteolin-7-O-glucoside)
and dry raw material is calculated from the formula:

_ Ax5x100x100
Exmx(100-W)

A — absorbance of the test solution;

m — mass of sample raw material, g;

E — specific absorbance of luteolin (549) or luteolin-7-
O-glucoside (335) complex with aluminum chloride in
conditions of quantitative determination, wavelength
400 nm [12, 10];

W — loss on drying, %.

Due to the suggested method, the quantitative content
of flavonoids in five local samples of common Agrimony
was defined; the results are presented in the Table 1.

The obtained values of flavonoids content differ in
various samples of raw materials due to the conditions
of their growth, harvesting and relativeness of the term
«herb» as raw material. It was proved that after
powdering the raw material, the content of «small»fraction
significantly varied in different samples: from 64 % to
76 % that certainly influenced the total flavonoid content
in the samples because the average raw material
sample, including «fine» and «coarse» fractions, was
used for determination. Evidently, there is a need for the
introduction of a national part into SPU that would
explain the «coarse» fraction content, which consists of
hard grinding parts of stems.

In the literature on the results of quantitative
determination of flavonoids content in Agrimony raw
materials, the data vary depending of the type of material
(top, herb), its origin, identification method and standards
for content determination. Thus, by spectrophotometric
determination: in local Agrimony samples 0.90-1.46 %
of flavonoids was obtained equivalent to luteolin or
1.47-2.39 % — equivalent to luteolin-7-O-glucoside; in

Table 1. The results of quantitative determination of flavonoids in common Agrimony

Sample, origin Flavonoids Iconte.nt, equivalent to Flavonoiqs content, eqyivalent to
uteolin, % luteolin-7-O-glucoside, %
Sample 1, Ternopil region 1.46+0.01 2.39+0.01
Sample 2, lvano-Frankivsk region 1.05+0.02 1.72+0.02
Sample 3, Ternopil region 1.25+0.02 2.05+0.02
Sample 4, Chernivtsi region 0.90+0.02 1.47+0.02
Sample 5, Ternopil region 0.9440.01 1.54+0.01
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the research [4] for flowering aerial parts of Czech
samples of Agrimony 3.5 % of flavonoids was obtained
equivalent to quercetin; for local samples of Agrimony
1.39-1.62 % of flavonoids was detected equivalent to
rutin [13]; by chromatographic determination (HPLC/
DAD) of Polish samples of Agrimony 8.2-10.9 mg/g
(0.82-1.09 %) of flavonoids were obtained [14]. As the
authors [14] note, flavonoids are the second main group
of biologically active substances in different species of
Agrimony. By determining the total flavonoids of
Agrimony, the authors [15] obtained the content within
1.22-1.40 % equivalent to cynaroside (luteolin-7-O-
glucoside) and specified that the procurement of raw
materials was carried out by cutting off the aerial parts of
the plants at a height 8—-10 cm below the soil. Also in the
viewing message the content 1.9 % of flavonoids (mainly
hyperoside (0.37 %) together with rutin, isoquercitrin,
quercitrin, isovitexin (apigenin-6-C-glucoside) [10] is
mentioned.

The infusion of Agrimony actively absorbs radicals
2.2-diphenyl-1-picrylhydrazyl (DPPH) [16]. It was proved
that flavonoids of Agrimony herb exhibit antioxidant
activity and could be used to treat inflammation, cancer,
diabetes, possessed a neuroprotective effect on
glutamate-induced toxity in HT22 cells, hepatoprotective
effect on chronic ethanol-induced liver injury in rats,
prevented hepatitis B virus [8, 9, 17-20]. According to
the results of the research and the literature data on
biological activity of Agrimony flavonoids in the national
part of the monograph on Agrimony, the determination of
this biologically active substances content should be
introduced.
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Conclusions. 1. The research has proved that
qualitative composition of flavonoids in common Agri-
mony complies with the requirements of the State
Pharmacopoeia of Ukraine for Agrimony flowering tops.
To identify the Agrimony it was suggested to detect
flavonoids by thin-layer chromatography, changing the
sample preparation of raw materials. Into the reference
solution, hyperoside should be added to identify it
completely at the chromatogram of the test solution.
Rutin, hyperoside, isoquercitrin were suggested to be
identification markers of Agrimony; quercitrin and other
flavonoids with nonquercetin aglycones and phenol-
carboxylic acids may be evidenced as zones of orange,
green and blue fluorescence at the chromatogram of the
test solution.

2. The method of quantitative determination of
flavonoids, equivalent to luteolin or luteolin-7-O-gluco-
side, was suggested. The content of flavonoids in five
samples was determined within 0.90-1.46 % equivalent
to luteolin or 1.47—-2.39 % as luteolin-7-O-glucoside. The
difference between the values of content for different
samples is associated with various conditions of raw
materials growth as well as with the ambiguousness of
the notion “herb” as a raw material.

3. There is a need for implementation of the national
part into the monograph of SPU on Agrimony; the use of
Agrimony should be provided and the concept “related
substance” with criteria of largest possible quantity of
gross stems should be introduced. Taking into account
the high content and biological activity of flavonoids, the
definition for “flavonoids content” should be adopted in
the monograph on Agrimony.
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Meta po6oTu. BcTaHOBNEHHSA BiANOBIAHOCTI AKICHOTO Cknaay h/1aBOHOIIB BITYM3HSAHMX 3pa3kiB TPaBW Napwia 3BM4anHoro
BMMOram, HasefleHUM y [®PY ana KsBiTyumx BeEpXiBOK napuna Ta po3pobka METOAMKM KifbKICHOrO BU3HAYEHHS Cymu
hnaBoHOIAIB Y HilA.

Martepianu i metoau. Ana foCNiKeHHA AKICHOro cknagy hnaBoHOIAIB BUKOPUCTAHO YOTUMPK BITUM3HAHI 3pasku Tpasu
napwna 3BMYaiiHOro, B M'ATW 3paskax NPOBOAMAM OLHKY KifIbKiCHOro BMICTY ¢d1iaBOHOIAIB. Y poG6OTI BMKOPUCTAHO
TOHKOLLAPOBY XpomMaTorpadito Npy BUBYEHHI AKICHOTO cknagy i cnekTpod)OTOMETPI0 MPY BU3HAYEHHI Ki/IbKICHOTO BMICTY
hnaBoHoIAiB.

Pe3synbratu i 06roBopeHHsA. [poBedeHi JOCNiMKEHHA BKasasM Ha BiAMOBIAHICTb SKICHOTO cknady ¢hnaBoHOIAIB
TpaBM napuna 3BuyaiiHOro BuMoram [A®Y ana napwia KBiTyunx BepXiBOK. [/ BCTaHOB/IEHHSI TOTOXHOCTI Tpasu
napwna 3BUYaliHOTO 3anponoHOBaHO ifeHTUdIiKyBaTM (o1aBOHOIAM METOLOM TOHKOLLApPOBOi Xpomarorpadii, 3MiHMBLUN
Npo6oniAroTOBKY CUPOBUHW. Y PO34UH NOPIBHAHHA [OAATKOBO Cif BHOCUTU rinepo3ns, LWo6 ofHO3HAYHO ifeHTUdikyBaTu
oro Ha xpomarorpami BUNpo60BYBaHOTO PO34MHY. B €1eKTPOHHUX CneKTpax MOrIMHaHHA, OTPUMaHUX A5 CNMPTOBUX
BuTAriB (70 %, 06/06) 3 TpaBM Napwia 3BMYAKHOIO B yMOBaX KOMM/IEKCOYTBOPEHHS 3 a/llOMiHI X/10pUAOM, MaKCUMYyM
MOrNIMHaHHA CcrnocTepiraeTbCa B fiana3oHi 400-403 HM. 3BaXawuu Ha Le, 3arnporoHOBaHO METOAMKY KiNbKiCHOro
BM3HaYeHHA cymMun (pNaBoHOIAIB Y NepepaxyHKy Ha NtoTeoniH abo /oTeoniH-7-O-11iKo3un, BUKOPUCTOBYHOUN 3HAYEHHS
NMMTOMMX KOeiLiEHTIB MOrIMHAHHS KOMM/IEKCHMX CNOMYK BKa3aHnx d/1aBOHOIAIB 3 a/TIOMiHIl X/10pUaoM.
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BUCHOBKW. |geHTUQiKaLiHMMN MapKepaMu TpaBu napusia 06paHO PyTWH, TiNepo3ud, i30KBepUMUTPUH; nepepbdayveHo
MOX/IMBICTb MPUCYTHOCTI KBEPUMTPUHY Ta iHWKX (D1aBOHOIAIB 3 HEKBEPLETUHOBUMM arfikoHamu i heHonKapOoHOBMX
KACNOT Yy BUINSAI 30H OpaHXeBOi, 3eMeHOl i 6/1aknTHOT dhriyopecueHUil Ha XxpomarorpamMi BUNpPo60BYBaHOTO PO3UMHY.
BwmicT chnaBoHOIAiB y AOCAigpKYBaHMX M'ATU 3pa3kax 3HaxoamBcs y Mmexax 0,90-1,46 % y nepepaxyHKy Ha /t0TeosiH abo
1,47-2,39 % y nepepaxyHKy Ha ATeoiH-7-O-rMKo3na. BigMIHHICTb 3HaYeHb BMICTY A1 Pi3HMX 3paskiB NOB'A3YETLCA
SIK 3 PI3HMMM yMOBaMM 3POCTaHHS CUPOBUHW, TaK i 3 HEBM3HAYEHICTIO MOHATTSA «TpaBa». TOMy € noTpeba y BBeAEHHI
HauUioHa/IbHOI YacTuHKN B MoHorpacito dY Ha napwuio, B SKili nepefodtaqunTyi 3acToCyBaHHS TpaBy Napuia, a TakoX BBECTU
NoKasHWK «CTOPOHHI AOMILLKM» i3 KpUTEPIEM rPAHMUYHOIO BMICTY Fpy6bumx ctebesn. 3Baxatoun Ha BUCOKWIA BMICT i 6i010rivHy
aKTUBHICTb (hN1aBOHOIAIB, Yy MOHOrpadii Ans TpaBu napwsia crif 3anpoBaguTyi BU3SHAUYEHHS BMICTY (/1aBOHOIAIB.

KnwouoBi cnoBa: napwio 3BuyaiiHe; Tpasa; (NaBOHOIAM; iAeHTMAIKALIS; KiNbKiCHE BW3HAYEHHS; TOHKOLLapoBa
Xpomartorpadisi; cnekTpogoTOMETIS.

NAEHTUDPUNKALNA N KONTMMECTBEHHOE OMPEAENEHVNE COAEPXAHNA ®JTABOHONAOB B
TPABE PEMNELUKA OBbIKHOBEHHOIO

. B. Kosak, /1. B. BpoHcka, A. E. filemug, T. A. MpolwioBbIi

'BY3 «TepHoros/ibekuli 20cydapcmsaeHHbIl MeOUYUHCKUU yHUBepcumem umeHu U.5. MNopbadesckoz2o M3
YKpauHbI»

innakozakO@gmail.com

Lenb pa6oTbl. YCTaHOB/IEHNE COOTBETCTBUS KAYECTBEHHOIO cocTaBa (p/1aBOHOMA0B OTEYECTBEHHbLIX 06pa3LIOB Tpasbl
peneLuka 06bIKHOBEHHOIO TPEGOBaHMAM, MPUBEAEHHBLIM B DY /19 UBETYLLMX BEPXYLLEK peneLlka 1 paspaboTka MeToanKN
KONMYeCTBEHHOTO onpeaeneHns cyMMbl h1aBOHOMAOB B Hel.

Matepuanbl 1 metoabl. [ina nccnefoBaHusa KavyeCTBEHHOTO coctasBa (D1aBOHOMAOB OblM UCMOMNb30BaHbl YeTbipe
OTeYeCTBEHHble 06pasubl TpaBbl peneluka 0ObIKHOBEHHOrO, B NATM 06pasuax NPOBOAUIN OLEHKY KO/IMYEeCTBEHHOro
cofepxaHus donaBoHOM0B. B paboTe 6bIM NCNONb30BaHbl TOHKOC/I0HAA XpoMaTtorpadms Npy n3yyeHnmn KauecTBEHHOro
cocTaBsa 1 CNekTpopoTOMETPUS NPU ONpeenieHn KOIMYeCTBEHHOIO CofepXaHns qiaBoHONA0B.

Pesynbratbl M ob6cyxpaeHue. [poBefeHHble WCCeA0BaHUA YyKasa Ha COOTBETCTBME KayeCTBEHHOro cocTasa
(h1laBOHOM,0B TPaBbl peneLLka 06bIKHOBEHHOIO TpeboBaHMAM IPY 41A peneLka UBeTyLmnx BepxyLuek. 115 ycTaHoB1eHnA
TOXECTBEHHOCTUTPAaBbI peneLlkaobbIKHOBEHHOrO NpeAioXeHo naeHTUNLMpoBaTh hnaBoHOUAbIMETOLO0M TOHKOC/10/AHOM
Xpomarorpaduu, n3MeHns NpobonoAroToBKY Cbipbs. B pacTBOp CpaBHEHWS cneayeT A0NO/THUTENIbHO BHOCUTL rMNeposuna,
YTOOblI OAHO3HAYHO MAEHTUMULMPOBATL €ro Ha XpomaTtorpaMMe WCMbITYEMOro pacteBopa. B a/1eKTPOHHbIX crnekTpax
NOr/IOLEHUS, MOMYYEHHbIX 718 CNMPTOBbIX M3BneyeHuii (70 %, 06/06) TpaBbl peneluka 0O6bIKHOBEHHOMO B YC/IOBUSX
KOMMNnekcoobpasoBaHNs C allOMUHUA X/10pPUAOM, MakCUMyM MOr/IoleHns Habnmogaetca B AvanasoHe 400-403 Hw.
YuutblBas 370, 6blna Npea/iokeHa MeToAMKa KOMMYECTBEHHOIO onpefeneHus cymMMbl ()1aBOHOMAOB B nepecyete Ha
NOTEONMUH MW IOTEONNH-7-O-T0KO3WA, UCMOMb3yst 3HAYEHUs] YAENbHbIX MNokasaTenieil Nor/oWweHns KOMMIEKCHbIX
COEeAUHEHNIA YKa3aHHbIX (h/TaBOHOMA0B C a/IlOMUHWNIA X/T0PUAOM.

BbiBoAbl. /aeHTUUKALNOHHBIMU MapkepaMu TpaBbl perneLlka OO6bIKHOBEHHOIO MpeasiokeHbl PYTUH, runeposug,
N30KBEPLUTPUH; NPesyCMOTPeEHa BO3MOXHOCTb NPUCYTCTBUA KBEPLMTPUHA U APYTUX dh/1aBOHOMA0B C HEKBEPLETUHOBBLIMU
arnnmkoHamy 1 oeHoIKapboHOBBIX KUCIOT B BU/E 30H OPaHXXeBOIA, 3e/1eHO 1 roly6oii thlyopecLieHL I Ha XxpoMaTorpaMmMe
ncnbITyeMoro pactsopa. CofepxaHue naBoHOMAOB B NATU uccnegyemblix obpasuax Haxoauniock B npegenax 0,90—
1,46 % B nepecyete Ha NOTEONNH unn 1,47-2,39 % B nepecyeTe Ha JKOTEONUH-7-O-rnoko3ng. Pasbpoc 3HaueHuit
ONA pas/IMyHbIX 06pasLoB CBA3bIBAETCA Kak C pasHbIMU YC/IOBUSAMU MPOU3POCTAHUSA CbIPbS, Tak U C YCNOBHOCTbIO
MOHATMA «TpaBa», Kak cbipbe. [py 0TCYTCTBUM TpeboBaHUA OTHOCUTENBHO 40NN Py6bIX CTebel B Cbipbe, CoAepxaHne
610M10rMYeCcKN aKTUBHbIX BELLECTB Beerga 6yeT CyLecTBEHHO BapbMpoBaThb. [103TOMy eCTb He06X0AMMOCTb BO BBEA,EHUN
HaLVOHaIbHOM YacTy B MOHorpadomio I'dY Ha peneLlok, B KOTOPOI NpefycMOTPeTb NPUMEHEHNE TPaBbl PENeLLKa, BBECTH
nokasarefib «[1OCTOPOHHME MPUMECU» C KpUTEPUEM MPeAesibHOrO COAEpPXaHusa rpy6bix cTebneil. YuuTbiBas BbICOKOE
cofiepxaHve 1 61MosIorMyeckyto akTMBHOCTb (D1aBOHOW0B, B CTATbIO A1 TPaBbl PEneLLKa criefyeT BBECTH onpeerneHve
cofepxaHus p1aBoOHONA0B.

KnioueBble cnoBa: peneLiok 06bIKHOBEHHbI; Tpasa; /laBoHOUbI; UAEHTUDUKALMS; KONMYECTBEHHOE ONpeaenieHune;
TOHKOC/I0liHasi XpomaTorpadus; CnekTpogOTOMETPUSI.
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