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Abstract

The Kazakhstan flora is rich in promising poorly-studied plants, which are traditionally used in folk medicine, but their intro-
duction into medical practice requires additional in-depth research using modern scientific methods. Alfredia nivea KAR&KIR
of the Asteraceae family, which is used in folk medicine as a neurotropic agent, is an interesting object for introduction into
official medical and pharmaceutical practice.

Aim. To create new medicines based on Alfredia nivea herb, it is necessary to develop methods for quality control of this
raw material, therefore, the aim of the research was to determine the parameters for standardization of the Alfredia nivea
KAR & KIR. herb.

Materials and methods. The study objects were samples of the A. nivea herb collected in Kungei Alatau, 4.3 km southeast
of the Karabulak village, Eastern Karabulak canyon, Almaty Region, Kazakhstan. The macroscopic and microscopic studies of
the A. nivea herb were performed according to the methodology of the European pharmacopeia (EuPh) 2.8.23 “Microscopic
examination of the medicinal plant raw material”. The macroscopic studies were performed using a magnifying glass and a
MBS-9 binocular microscope, the microscopic studies were done using MS Microscopes 10 (oculars X5, X10, X15, lenses x10,
x40), Micromed XS-4130 (oculars WF15X, lenses x40/0.65, x10/0.25) with a microphotonozzle (China). Identification of the
main substances was carried out by the TLC method, testing and the quantitative determination of the flavonoid content
were performed according to the EuPh methods.

Results and discussion. Morphological and anatomical features of the A. nivea herb have been determined; on their basis
Identifications A and B have been proposed; TLC I/dentification C of the main BAS of the raw material has been developed;
indicators of purity tests have been determined. It has been proposed to carry out the quantitative determination by the
content of flavonoids.

Conclusions. The parameters of the A. nivea herb standardization have been determined on the basis of the following in-
dicators: macroscopic and microscopic features, TLC identification of the main BAS of the raw material (hyperoside, rutin,
quercetin and chlorogenic acid), related impurities (not more than 2 %), stems with a diameter of more than 20 mm (not
more than 10%), the loss on drying (not more than 13 %), the total ash (not more than 10%) and at least 0.5% flavonoids
calculated with reference to rutin.
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1HauioHansHUl hapmayesmuyHuli yHisepcumem MiHicmepcmea oxopoHu 300p0o8’s YKkpaiHu,

syn. MywkKiHcoKa, 53, m. Xapkis, 61002, YkpaiHa
2KazaxcoKuli HauioHanbHUli meouyHuli yHisepcumem imeni C. /1. AcgpeHdisposa,

syn. Tone 6i, 94, m. Aamamu, 050000, KazaxcmaH
MapameTpu ctaHgapTusauii tpasu Alfredia nivea KAR.&KIR.
AHoTauiA
®nopa KasaxctaHy 6arata Ha NepcneKkT1BHI MaslOBUBYEHI POCAIMHM, AKi 3aCTOCOBYHOTb Y HAPOAHI MeANLMHI, ane Ans ix Bnpo-
BagKeHHA B MeAMYHY NPaKTUKY NOTPibHI f0AaTKOBI MMOOKI AOCNiAKEHHA, 32 LONOMOIO Cy4aCHUX HaYKOBUX METOZIB.
LlikaBM 06’eKTOM /158 BNPOBaAKeHHA B 0diLMHaNbHY MeanyHy Ta GapMaueBTUYHY NPaKTURY € Anbdpeais cHirosa (Alfredia
nivea KAR. & KIR.) poanHu Asteraceae, AKy B HapOAHii MeauLMHI BUKOPUCTOBYHOTb K HEMPOTPOMNHMIA 3acib.
Merta. 115 cTBOpEHHsA HOBMX NIKAaPCbKMX 3acobiB Ha OCHOBI TpaBu Anbdpesii cHiroBoi HeObXigHO PO3POOUTN METOAYN KOHTPO/IO
AKOCTIi LLIET CUPOBUHM, TOMY METO A0CNiAKeHb ByN10 BU3HAUMTM NapamMeTpu CTaHgapTr3auii Tpasu A. nivea KAR. & KIR.
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Marepianu Ta metogmn. O6’ekTamm gocCniaKeHHA bynn 3pasku Tpasu Anbdpedii cHirosoi (A. nivea), 3arotoBneHi B KyHrei
Anaray, 3a 4,3 Km niBaeHHo-cxigHiwe Big c. Kapabynak, yu. CxigHuit Kapabynak, AnmaTtuHcbKoi obnacTi, KasaxctaH. Makpo- i mi-
KpOCKOMiYHi gocnigxeHHs Tpasn Anbdpeaii CHiroBoi BUKOHYBaM 3rifHO 3 MeToauKo EBponeicbKoi papmaronei (EP) 2.8.23
«MiKpocKoniyHe AOCNIAKEHHA NiKAPCbKOT POCIMHHOI CMPOBUHUY. [1N1A MAaKPOCKONIYHUX AOCNIAKEHD BUKOPUCTOBYBAAM /Iyny Ta
6iHOKyNApHUI Mikpockon MBC-9, ans mikpockoniuHnx — mikpockonu MC 10 (okynsap x5, x10, x15, 06’ektnen x10, x40), Micromed
XS-4130 (orynap WF15X, o6’ektneu x40/0,65, x10/0,25) 3 mikpodoToHacaakoto (KHP). |laeHT1diIKyBanmn 0CHOBHI pedoBMHN MeTOo-
nom TLUX, BUNpobyBaHHA Ta KibKicHe BU3HAYEHHS 3a BMiCTOM p1aBOHOIAIB 34iMCHIOBaNM BiANOBIAHO A0 MeToauK ED.
Pe3ynbraty Ta ix o6roBopeHHs. B13HaueHo MopdONoriyHi i aHaTOMiYHi 03HaKM TpaBu Anbdpesii CHIroBoi, Ha OCHOBI AKUX
3anponoHoBaHo I0oeHmudikayii A Ta B, pospobneHo TLX IdeHmugpikauito C ocHOBHUX BAP cMpOBMHU, BU3HAYEHO NOKA3HMU-
KM BMNpOoOyBaHb Ha YNCTOTY, @ TAKOXK 3aNpoMNOHOBAHO NPOBOAUTH KisibKiCHE BU3HAUYEHHSA 32 BMicTOM dnaBoHOIAB.
BUCHOBKM. BU3HauyeHO napameTpu CTaHAapTM3aLii TpaBm Anbdpesii CHIroBoi 3a TaKMMM MOKA3HMKAMM: MaKpOo- Ta MiKpo-
CKoMiyHi o3Haku, TLWX igeHTUdIKaLia ocHOBHUX BAP cMpoBMHM (rinepo3una, pyTWH, KBEPLETUH Ta XJI0POreHoBa KUC/10Ta),
CTOPOHHI AOMILWKK (He Binbwe 2 %), HaABHICTb cTeben giameTpom noHazg 20 mm (He 6inbwe 10 %), BTpaTa B maci nig yac
BUCYLWYBaHHA (He 6inbwe 13 %), 3arasnbHa 300a (He 6inbwe 10%) i He meHwe 0,5 % dhnaBoHOIAIB Y NepepPaxyHKy Ha PYTUH.
Knwuoei cnosa: Anvdpepais cHirosa; Alfredia nivea; TpaBa; cTaHAapTM3aL,iA; METOAN KOHTPOIIO AKOCTI
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B Introduction

The Kazakhstan flora is rich in promising
poorly-studied plants, which are traditionally used
in folk medicine, but their introduction into me-
dical practice requires additional in-depth re-
search using modern scientific methods [1, 2].
Alfredia nivea KAR&KIR of the Asteraceae fami-
ly, which is used in folk medicine as a neurotro-
pic agent, is an interesting object for introduc-
tion into official medical and pharmaceutical
practice in Kazakhstan [3].

A. nivea is a perennial plant of 25-70 cm
height with leathery, oblong-lanceolate, pinnate-
ly lobed leaves. The venation is pinnate, the la-
teral veins at the ends turn into sharp yellowish
spines. The leaf blade is grayish-green on the
upper side, whitish-pubescent on the lower side.
The inflorescence is a spherical head of pink tubu-
lar flowers with a multi-row involucre. The plant
blooms in July, fruits ripen in August — Septem-
ber. It grows in the subalpine and alpine belts of
the mountains, along the stepped rocky slopes,
in spruce-fir forests. It is found in Tarbagatai,
Dzungarian, Trans-1li and Kiing6y Ala-Too Range
Alatau [4-6]. The plant’s raw material reserves
are sufficient for the needs of Kazakhstan.

Plants of the Alfredia genus are insufficient-
ly studied. Most of the studies are devoted to
A. cernua L. Thus, extracts of this species have
been shown to affect the central nervous system
and improve memory [7, 8]. It has also been found

that A. cernua extracts have nootropic properties,
contribute to the improvement of indicators of
orientation-exploratory behavior, the preserva-
tion of the passive escape reflex during hypoxic
shock, and the increase of physical performance
in mice [9, 10]. The most pronounced effect was
observed with the use of the A. cernua extract
obtained with 95% ethanol [10, 11]. It has also
been shown that the extract of the A. nivea
above-ground part in 95% ethanol in the dose of
100 mg kg! restores exploratory behavior and
reflex safety after hypoxic trauma [12]. Thus, the
A. nivea herb is a promising raw material for
creating new neurotropic medicines.

Previously, the standardization of the A. cer-
nua herb [13], the macroscopic and microscopic
study of the A. nivea herb were carried out, and
its diagnostic signs were determined [14]. These
data were taken into account when developing
a project of quality control methods for the A. ni-
vea herb.

Therefore, the aim of the research was to de-
termine the parameters of the standardization
of the A. nivea KAR. & KIR. herb.

B Materials and methods

The study objects were samples of the A. nivea
herb collected in Kungei Alatau, 4.3 km south-
east of the Karabulak village, Eastern Karabulak
canyon, Almaty Region, Kazakhstan (1762 m abo-
ve the city, N 43°02’30.2”, E 078°34’16.0”) July

ISSN 2308-8303 (Print) / 2518-1548 (Online)



YKypHan opeaHiyHOi ma gpapmayesmuyHoi ximii 2023, 21 (1)

06, 2021. The identity of the plant was determi-
ned by professor Tetiana M. Gontova, D. Sc., Na-
tional University of Pharmacy (Kharkiv, Ukrai-
ne) [4, 15]. Voucher specimens were deposited at
the School of Pharmacy, Asfendiyarova Kazakh Na-
tional Medical University (Almaty, Kazakhstan,
No. 432—-435). The raw material was dried at room
temperature [16, 17] in a well-ventilated area for
ten days and stored in paper bags [18, 19].

The macroscopic and microscopic studies of
the raw material were performed according to the
methodology described in the European Pharma-
copeia (EuPh) 2.8.23 “Microscopic examination
of the medicinal plant raw material” [18, 20].
The macroscopic studies were conducted using a
magnifying glass and a MBS-9 binocular micro-
scope. The study of the anatomical structure of
the A. nivea herb was carried out on samples of
the whole and cut raw material according to the
requirements of the EuPh. The herb was fixed
in a mixture of 96% ethanol R — glycerin R — pu-
rified water R (1:1:1). The structure of stems
and leaves was studied on transverse sections.
The epidermal of the organs was considered from
the surface according to generally accepted me-
thods [18, 21]. The raw material was crushed ac-
cording to the requirements of the EuPh mono-
graph 2.9.12 “Sit analysis” and clarified with the
help of chloral hydrate R [18, 20]. The studies
of transverse and longitudinal sections, epider-
mis and preparations from the surface were car-
ried out using MS Microscopes 10 (oculars X5,
X10, X15, lenses x10, x40), Micromed XS-4130
(oculars WF15X, lenses x40/0.65, x10/0.25) with
a microphotonozzle (China). The results of the
study were recorded using the Canon IXUS 220
HS camera.

To develop the identification method for the
main biologically active substances (BAS) in the
A. nivea herb, the TLC method was used [18, 22].
Merck Silica Gel F254 plates were used for chro-
matography. Purity of solvents used for the pre-
paration of chromatographic systems were of che-
mically pure and analytical grades. The ratio of
solvents indicated by numbers were taken in vo-
lumetric units.

The content of related impurities (2.8.2), the
loss on drying (2.2.32), the total ash content
(2.4.16) were determined according to the re-
quirements of the EuPh [18, 23, 24].

Assay of flavonoids. The assay of flavonoids
was determined in accordance with the metho-
dology of the EuPh by the spectrophotometric me-
thod calculated with reference to rutin [18, 25].

About 5.0 g of Alfredia herb (accurate weight)
crushed to the size of particles passing through
a sieve with a diameter of 2 mm was placed in a
200 mL ground joint flask, 50 mL of 70% etha-
nol solution was added. The flask was connected
to a condenser and heated on a water bath for
30 min, periodically shaken to wash off partic-
les of the raw material from the walls. The mix-
ture was cooled and filtered through cotton wool,
so that the particles of the raw material did not
get on the filter. The cotton wool was transferred
to the ground joint flask for extraction, and the
new portion of the extractant was added. The ex-
traction was repeated twice under the conditions
described above, and the extract was filtered in
the same flask. The combined extract was evap-
orated up to % of the initial volume. The evapo-
rated extract was quantitatively transferred to
a 50.0 mL measuring flask, cooled and was di-
luted with 70% ethanol solution to the volume
(Solution A).

2.0 mL of Solution A was placed into a measu-
ring 25 mL flask, 2.0 mL of 3% aluminum chloride
solution in 96% ethanol R was added, the volume
was diluted with 70% ethanol solution and mixed.

In 30 min, the solution was filtered through
the paper filter, throwing away the first portions
of the filtrate, and the optical density was meas-
ured on a Specol 1500 spectrophotometer (Swit-
zerland) at a wavelength of 410 nm in a 10 mm
cuvette. Reference solution contained 2.0 mL of
Solution A, diluted with 70% ethanol to the vol-
ume in a 25 mL flask.

In parallel, experiment with a Standard solu-
tion of rutin (pharmacopoeial standard) was car-
ried out in the same conditions. 1.0 mL of 3% alu-
minum chloride solution was added to 1.0 mL of
the Standard solution of rutin, and the volume was
diluted to 25.0 mL with 70% ethanol. As a referen-
ce, 1.0 mL of the Standard solution of rutin diluted
with 70% ethanol to the volume of 25 mL was used.

The content of flavonoids in the raw material
was calculated with reference to rutin (%) by the
following equation [28, 29]:

A, Xa, x50 x1x25x100 x 100
Ay Xay X25 X2 x50 %x(100-w) °

X, %=

where A, —is the optical density of the Test solu-
tion;

A, —1is the optical density of the Standard solu-
tion of rutin;

a, —1s the accurate weight of raw material, g;
a,— 1s the accurate weight of rutin, g;

w — 18 the loss on drying, %.
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Preparation of the standard solution of rutin.
About 0.01 g (accurate weight) of rutin (pharma-
copoeial standard FS 42-2508-87) dried at 135 °C
to the constant mass, was placed into a 25.0 mL
measuring flask, dissolved in 96% ethanol, di-
luted with the same solvent to the volume and
mixed.

Preparation of a 3% aluminum chloride solu-
tion in 96% ethanol. According to the State stan-
dard 3759-85, 3.0 g of aluminum chloride (chemi-
cally pure) was dissolved in 96% ethanol in a
100.0 mL measuring flask, diluted with the same
solvent to the volume and mixed.

B Results and discussion

Source. The raw material is a dried herb,
which includes whole or cut leaves, flowers and
stems of A. nivea KAR. & KIR. (Asteraceae).
The herb was collected in summer, the below ground
parts were removed, and then the soil was dried
to obtain the intact form. Alternatively, the herb
was sliced while fresh, and dried immediately to
obtain the sliced form of the A. nivea herb.

Based on the results of the macroscopic ana-
lysis of the A. nivea herb [14], such macroscopic
signs, which served as the basis for the develop-
ment of Identification A, were determined.

The stem is usually unbranched in the lower
part, slightly branched in the upper part, rough,
slightly ribbed, 20—60 cm long, 5 mm in diameter.
It is externally grayish-green, tomentose-pubes-
cent. The texture is hard. Rosette leaves are
15—-35 cm long and 2.5—-6.0 cm wide; stem leaves
are short-petiolate or sessile, 5.0—7.0 cm long and
1.5—-2.5 cm wide, leathery, linear-lanceolate and
lanceolate, pinnatipartite, with a pinnate vena-
tion with prominent lignified veins and long sharp
ends; non-tomentose and green on the adaxial
surface and grayish green, abundant tomentose-
pubescent on the abaxial surface. The petiole of
the rosette leaf is elongated-triangular in out-
line with elongated “wings” directed upwards at
an angle of 45 degrees, narrow at the ends.

The inflorescence is a spherical drooping flo-
wer head up to 6.0 cm in diameter with a 3—5-row,
tiled involucre made of hard lanceolate, pointed
leaflets with filmy fring-rowed outgrowths on the
sides. The tubular pink flowers are 5-tooth, thin,
up to 3.0 cm in length; numerous sepals are mo-
dified to thin long hairs; stamens and the pis-
til protrude from the corolla tube; the cypsela
is up to 6.0 mm, pale yellowish with variegated
brown spots and stripes on the surface.

Based on the results of the microscopic ana-
lysis of the A. nivea herb [14], such microscopic
signs, which served as the basis for the develop-
ment of Identification B, were determined.

The stem and leaves are tomentose-pubescent
with covering and rarely glandular trichomes; co-
vering trichomes are of three types —long filamen-
tous hairs with a 2-cell base, large multicellular
wide lumen hairs with collapsed cells; and multi-
cellular narrow lumen hairs with collapsed cells;
glandular hairs are of 2 types — 1-headed with a
1-celled stalk, and headed with a multicellular
stalk and a multicellular head with collapsed cells.
The stem is rounded with slightly protruding ribs.
The cells of the epidermis are covered with a layer
of a folded cuticle; prosenchymatous cells are
straight-walled with slightly thickened walls and
simple straight pores. The central cylinder is of
transitional type. The collenchyma is angular and
lacunar; parenchyma cells are collenchymatous;
the endoderm is distinct; open collateral bundles
are with a well-developed sclerenchyma, xylem
vessels are porous and spiral.

Leaf is dorsiventral; the cells of the upper and
lower epidermis above the veins are prosenchy-
matous, straight-walled, with slightly thickened
walls and straight pores; between the veins the
cells of the upper epidermis are 5—6-angle, iso-
diametric and on the lower — parenchymal, si-
nuous-walled, with slightly thickened walls; the
stomata are frequent only on the lower epider-
mis. The stomatal apparatus is anomocytic.

The adaxial surface of the leaf is rarely pu-
bescent with thin long hairs, and abaxial — den-
sely pubescent with filamentous hairs with a 2-cell
base and less often multicellular hairs with col-
lapsed cells. The cells of the outer and inner epi-
dermis of the involucre leaflets are elongated,
slightly thickened and straight-walled with light
brown contents. The inner epidermis is covered
with filamentous trichromes. The cells of the pe-
tal epidermis are prosenchymatous, thin-walled
or heavily thick-walled, straight-walled with co-
lorless, rarely brown contents; the epidermis is
covered with a weakly expressed folding cuticle;
vessels are thin spiral. The style of the pistil is
densely covered with short conical hairs. Pollen
grains are rounded, yellow-brown, the structure
of ectine is slightly spiny.

The powdered raw material. The powder
is yellowish-green in color, examined under a mic-
roscope using Chloral hydrate solution R. The pow-
der shows the following diagnostic signs: frag-
ments of epidermis (Figure 1, A) composed of cells
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Figure 1. Microscopic features of the powder
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with prosenchymatous straight-walled and slightly
thick-walled cells with simple straight pores (Fi-
gure 1, B); cells with light brown contents (Figu-
re 1, C); stomata of the anomocytic type (Figure 1, A);
fragments of the angular and lacunar collenchy-
ma (Figure 1, D); collenchymatous cells of the pa-
renchyma (Figure 1, E); open collateral bundles
(Figure 1, F); sclerenchyma (Figure 1, G), porous
and spiral vessels; long filamentous hairs with a
2-cell base, large multicellular wide lumen hairs
with collapsed cells (Figure 1, H), and multicellu-
lar narrow lumen hairs with collapsed cells (Fi-
gure 1, I); glandular hairs of 2 types — 1-headed
with a 1-celled stalk (Figure 1, J), and headed
with a multicellular stalk and a multicellular head
with collapsed cells (Figure 1. K); styles with short
conical hairs (Figure 1, L); rounded, yellow-brown
pollen grains with slightly spiny ectine (Figure 1, M).

Identification C of BAS of the A. nivea herb
was developed using the TLC method with stan-
dards of hyperoside, quercetin, rutin and chloro-
genic acid in the system: ethylacetate R —aqua R —
formic acid R — acetic acid anhydrous R (72:14:7:7).

For this analysis, 300 mg of the Alfredia herb
was extracted with 3 mL of methanol for 30 min
at 40 °C on a water bath with ultrasound irra-
diation. 15 pL of the extract was applied to the
chromatogram. The standards were prepared by

1 2 3

Figure 2. The TLC chromatogram of A. nivea phenolic compounds:
1. the standards of quercetin, chlorogenic acid, rutin;
2. hyperoside; 3. the A. nivea herb extract

dissolving 1 mg of the standards in 10 mL of pure
methanol. After spraying the plate with diphenyl-
borinic acid 2-aminoethyl ester R, macrogol 400 R
the zones at the level of quercetin, hyperoside,
rutin and chlorogenic acid were detected in UV
light [28].

A photo of the sequence of zones on the chro-
matogram of the A. nivea the test extract and
the reference solutions are presented in Figure 2.
The main substances found in the TLC chroma-
togram are quercetin, chlorogenic acid, rutin and
hyperoside. Other additional fluorescent zones can
be found on the chromatogram of the test extract,
but they do not play an important role when iden-
tifying the raw material. Also, using the chroma-
togram obtained in the same conditions, after
spraying the plate with the Drangendorff rea-
gent [29], it was determined that there were no
alkaloids in the raw material.

In the lower part of the chromatogram of the
reference solutions, a yellow fluorescent zone
corresponding to rutin, as well as the blue fluo-
rescent zone corresponding to chlorogenic acid,
and the yellow fluorescent zone corresponding to
hyperoside, were found. The yellow fluorescent
zone corresponding to quercetin was detected
in the upper part of the chromatogram. On the
chromatogram of the test extract, the intense
fluorescent yellow zone at the level of the refer-
ence solution of rutin was detected. At the level
of the reference solution of chlorogenic acid the
intense blue fluorescent zone was also deter-
mined.

Since the zones of rutin and quercetin are most
clearly identified and have a significant area du-
ring the TLC analysis, it has been noticed that
they dominate in the raw material, therefore, the
quantitative determination of BAS in the A. ni-
vea herb should be carried out by the assay of fla-
vonoids calculated with reference to rutin adapt-
ing the methodology of the EuPh [18].

The results of determining related impuri-
ties, indicators “loss on drying during drying”,
“total ash” and the quantitative content of flavo-
noids are given in Table.

The tests were proposed to be carried out ac-
cording to the following indicators: related im-
purities (2.8.2), namely, stems with a diameter
of more than 20 mm — not more than 10%; other
impurities — not more than 2%; the loss on dry-
ing (2.2.32) — not more than 13.0% (1.000 g of
the raw material crushed into a powder at a tem-
perature of 105°C for 2 h); the total ash (2.4.16) —
not more than 10%.
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Table. The results of the analysis of the A. nivea herb

Samples of the raw material
Indicat Standardizati
ndicators andardization 1 > 3 2 5 6
I According to the parameters
Description + + + + + +
developed
Identification A. External signs — According to the parameters
+ + + + + +
macroscopy developed
Identification B. According to the parameters
. . . + + + + + +
Anatomical signs — microscopy developed
Identification C. TLC method According to the parameters + + + + + +
developed
Stems with a diameter of more
. than 20 mm not more than 10% 8.7 6.2 9.6 71 8.5 8.0
Impurities Related impurities — not more
than 2% 1.5 1.8 1.0 1.5 1.0 0.5
Loss on drying Not more than 13.0% 8.7 9.3 7.2 9.7 8.5 11.0
Total ash Not more than 10% 7.2 6.6 8.6 5.3 8.2 8.9
The content of flavonoids 4 jocc than 0.5% 074 | 069 | 063 | 076 | 0.60 | 0.58
calculated with reference to rutin

Note: «+» — meets the requirements

The assay was proposed to be carried out by
the content of flavonoids — at least 0.5% calcula-
ted with reference to rutin (C,;N,,0,s M.M. 610.5)
in the dry raw material.

B Conclusions

The parameters of the A. nivea herb stan-
dardization have been determined on the basis

of the following indicators: macroscopic and mic-
roscopic features, TLC identification of the main
BAS of the raw material (hyperoside, rutin, quer-
cetin and chlorogenic acid), related impurities
(not more than 2%), stems with a diameter of
more than 20 mm (not more than 10%), the loss
on drying (not more than 13%), the total ash
(not more than 10%) and at least 0.5% flavo-
noids calculated with reference to rutin.
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