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Introduction. The genus Allium belongs to family Alli-
aceae. The plants of the genus Allium are very important
herbaceous plants. This genus involves up to 1233 species,
growing especially in the northern hemisphere.[1] Among
them, 70 species grow in the Caucasus region and 35 species
are described in Georgia, among which 7 species are endem-
ic for the Caucasus region and 5 species are endemic to
Georgia [2]. Garlic (4llium sativum L.), onion (Allium cepa
L.), shallot (4/lium ascalonicum L.), chive (4/lium schoeno-
prasum L.), and leek (Allium porrum L.), as the common
members of the Allium genus, have been historically used as
edible vegetable, medicinal, and ornamental plants for a long
time[3]. Furthermore, they are vital to human development
and life and have significant roles in agriculture, breeding,
medicine, and the food industry. For instance, garlic and
onion have long been used in folk medicine to treat tumors,
cholera, dysentery, intestinal worms, and migraines as well
as fevers, bites, and headaches[4].According to the ancient
Georgian books of traditional medicine “Karabadini” and
“ladigar-Daudi” plants of Allium species were widely used
in folk medicine as antifungal, antiseptic and antibacterial
remedies[5], [6]. Different types of secondary metabolites,
including as flavonoids, anthocyanins, saponins, phenolic
acids, amino acids, glutamyl peptides, minor organic acids,
fatty acids, steroids, vitamins, and nucleosides, have been
discovered in the major Allium species. Among these, saponins
and flavonoids have also been shown to have substantial
activity[ 7]. Flavonoids play a variety of biological activities
in plants, animals, and bacteria. Flavonoids protect plants
from different biotic and abiotic stresses and act as unique
UV filters[8]. Many studies have suggested that flavonoids
exhibit biological activities, including anti-allergenic, antivi-
ral, anti-inflammatory and vasodilating actions. However,
most interest has been devoted to the antioxidant activity of
flavonoids which is due to their ability to reduce free radical
formation and to scavenge free radicals[9]. Steroidal sapo-
genins and saponins have been identified so far in over 40

different Allium species. Several studies describe the phar-
macological effects of steroidal saponins. Promising anti-
fungal, cytotoxic, anti-inflammatory, antithrombotic, and
hypocholesterolemic actions were demonstrated by several
of them. Most significantly, these substances serve as sub-
strates for the synthesis of steroid hormones and medica-
tions[10]. Thin Layer Chromatography (TLC) is frequently
used to obtain and characterize secondary metabolites that
is present in herbal medicines. The TLC method can be used
to analyze both the active compound in the plant and the
quality of medicinal plant. Because it is an easy, inexpensive,
and quick way to do qualitative analysis, TLC with UV lamp
detection and color reagents is widely used[11]. Spectro-
photometry methods are practical, simple, and very less ex-
pensive, making them preferable for specification testing.
Because of the weak absorbance of saponins, a colorimetric
determination is used for their evaluation[12]. The aim of
this research was to investigate, for the first time, total fla-
vonoid content, total ash of plant material and to elaborate
method for quantification of total furostanolic saponin con-
tent of the plant genus Allium: A//ium saxatile M. Bieb, Sect.
Oreiprason F. Hern and Allium ponticum Miscz, Sect. Alli-
um, growing in Georgia.

Materials and Methods

Plant material.

The objects of the research were plants Allium saxatile
and Allium ponticum growing in Georgia. The whole plants
of A. saxatile and A. ponticum were collected, respectively,
in Racha and Javakheti, regions of Georgia[13].

Extraction and fractionation.

Extraction and fractionation was performed according to
previously published article[13]. Quantification of furostan-
olic glycosides in plant material and crude extract of A. sax-
atile and A. ponticum.

Preparation of reference solution.

Furostanolic glycosides were quantified using UV/VIS
spectrophotometry (UV/VIS spectrophotometer model:
Nanolytik NanoSpec 2). A calibration curve was elaborated
using Protodioscin standard. 2.5 mg/ml, 5 mg/ml, 10 mg/ml,
15 mg/ml, 20 mg/ml and 25 mg/ml solution of Protodioscin
was prepared using the mixture of water and PDAB (para-
Dimethylaminobenzaldehyde) with 1:1 proportion. Obtained
solutions were diluted 100x times to obtain final 25 ig/ml, 50
ig/ml, 100 ig/ml, 150 ig/ml, 200 ig/ml and 250 ig/ml concentra-
tions. Prepared solutions were heated to 57.5-58.5 °C for 2
hours. After 2 hours the solution was cooled down to room
temperature and absorbance was measured at wavelength
518 nm. Mixture of water and PDAB (para-Dimethyl-amino
benzaldehyde) with 1:1 proportion heated for 2 hours was
used as a compensation solution. All the solvents and refer-
ence standards used in this research were obtained from,
Sigma-Aldrich.
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Figure 1. A-Calibration curve of Protodioscin; B- Calibration curve of Quercetin
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Plant material preparation.

2.5 g of each plant was put in flask, 50 ml 80%methanol
was added and was heated for 1 hour. After 1 hour, solution
was cooled down to room temperature and 10 ml of solution
was transferred to 50 ml volumetric flask and volume was
filled with 80% methanol (solution “A”). 5 ml of solution A
was transferred to 25 ml volumetric flask and 5 ml of PDAB
(para-Dimethylaminobenzaldehyde) was added (solution
“B”). Prepared mixtures were heated to 57.5-58.5 °C for 2
hours. After 2 hours the solution was cooled down to room
temperature and absorbance was measured at 518 nm. Solu-
tion A and 4N HCI methanolic solution was used as a refer-
ence.

Crude extract solution preparation.

0.25 g of crude extract was dissolved in 50 ml 80% meth-
anol using ultrasonic water bath. 10 ml of solution was trans-
ferred to 50 ml volumetric flask and volume was filled with
80% methanol (solution “A”). 5 ml of solution A was trans-
ferred to 25 ml volumetric flask and 5 ml of PDAB (para-
Dimethylaminobenzaldehyde) was added (solution “B”). Pre-
pared mixtures were heated to 57.5-58.5 °C for 2 hours. After
2 hours the solution was cooled down to room temperature
and absorbance was measured at 518 nm. Solution A and 4N
HCI methanolic solution was used as a reference.

The content of furostanol glycosides (X, %) was calcu-
lated by the formula:

€ =50 =10 = 100 = 100
K =a= (100 — b)

C — content of furostanolic glycosides according to cal-
ibration curve, g;

a— mass of material aliquot, g;

b - moisture content in raw material and crude extract, %.

K - Correction coefficient on acid titer-0.98;

TLC of furostanolic saponins

Furostanol glycosides were identified in caltrop herb by
thin-layer chromatography (TLC).

Sample preparation: samples were prepared with 50 mg/
ml concentration, dissolved in methanol.

Plate: Silica gel F , Merck, size 20*20 cm on glass sub-
strate.

Mobile phase: Mixture of solvents: Dichloromethane:
methanol: water (30:12:2).

After sample application the plate was dried on air for
about 5-10 minutes and put in a chamber.

N=

When the solvent reached the plate front, the TLC chro-
matogram was taken out, dried on air and spots were ob-
served after sprinkling with p-dimethylamine benzaldehyde
solution and then heating at 105°C.

Sample volume: Experimental solution 50 pl.

Developer reagent: p-dimethylamine benzaldehyde so-
lution (0,5 g p-dimethylamine benzaldehyde was dissolved
in 25 ml concentrated hydrochloric acid and 25 ml methanol),
heating was done at 105°C.

TLC of flavonoids

Presence of flavonoids was evaluated using TLC.

Sample preparation: samples were prepared with 50 mg/
ml concentration, dissolved in methanol.

Plate: Silica gel F, Merck, size 20*20 cm on Aluminum
substrate.

Mobile phase: Mixture of solvents: Ethyl acetate: For-
mic acid: Acetic acid: water (100:11:11:26)

After sample application the plate was dried on air for
about 5-10 minutes and put in a chamber.

When the solvent reached the plate front, the TLC chro-
matogram was taken out, dried on air and spots were ob-
served after sprinkling with 2-aminoethyl Diphenylborinate
and observed under visible light and after 366 nm wave-
length.

Total flavonoid content quantification

The total flavonoid content of total extract and fractions
were quantified as described in the article[14]. An aliquot of
0.5 ml of solutions with 1 mg/ml concentrations and Querce-
tin standard solution with different concentration (10-320 ig/
ml) were mixed with 2 ml distilled water and 1.5 ml 5%-NaNO,
after 5 minutes, 10% AICIl, was added and after 6 minutes 1M
NaOH was mixed. Absorbance was measured at 510 nm wave-
length and the outcome data were expressed as mg/g of
Quercetin equivalents in milligrams per gram (mg QE/g) of
dry extract. All experiments were performed in triplicate.

Determination of ash

About | g of each plant were accurately weighed in a
previously ignited and tared crucible. The material was spread
in an even layer and ignited it by gradually increasing the
heat to 500 °C until it is white, indicating the absence of
carbon. The crucible was cooled in desiccator and weighed.
The content of total ash was calculated in % of air-dried
plant material[ 15]. Quantification was performed in triplicate.

Results and discussion
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Figure 2. A-TLC of furostanolic saponins: 1-Crude extract of 4. ponticum, 2-Crude extract of 4. Saxatile; B-TLC of fla-

vonoids under 366 nm wavelength
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Steroidal compounds isolated from Allium plants mainly
include steroidal saponins and sterols. Steroidal saponins
are a kind of important chemical component in Allium plants
and mainly exist in bulbs. More than 100 steroidal saponins
have been isolated from species of Allium plants. They in-
clude approximately 58 spirostanol saponins, 32 furostanol
saponins, and 11 cholestane (open-chain) saponins. The
sugar residues in the saponins of Allium spp. are mainly
composed of linear or branched glucose (Glc), rhamnose,
galactose (Gal), xylose, and arabinose units[10]. Allium sa-
ponins are mostly mono- or bidesmosides, however a trides-
modic cholestane glycoside has been reported in the bulbs
of A. macleanii[16]. From allium species Tigogenin, Diosge-
nin, Neotigogenin, 4-Chlorogenin, Agigenin, Eruboside B
and many other saponins were isolated[17], [18].

The TLC analysis of crude extract of A. ponticum and A.
saxatile revealed existence of furostanolic glycosides as pink
spots, after revelation with para-Dimethylaminobenzalde-
hyde solution (Ehrilich’s reactive) (Figure 2.A). This result
shows that A. saxatile crude extract contains more furostan-
olic saponins than 4. ponticum.

The calibration curve of for the quantification with spec-
trophotometry method presented a coefficient of determina-
tion of R? = 0.9966, this indicates that there is significant
correlation between the different concentrations of Proto-
dioscine (ig/ml) and absorbance (Figure 1.A).

Table N1
Quantification of furostanolic glycoside content

Plant material - % | Crude extract - %
A A. A. A.
saxatile | ponticum | saxatile | ponticum

Content of furostanol
glycosides (%)
Moisture content (%) | 7.21 7.77 12,8 8,2

0.69 0.152 15,16 4,7

Quantification of the sum of saponins is plant material
and crude extract of both plants have shown that, 4. saxa-
tile contains 0.69% of furostanolic saponins, and 4. ponti-
cum 0.15%. after extraction with 80% ethanol, showed that
total saponin content quantified using Protodioscin calibra-
tion curve has increased to 15.16% for 4. saxatile, and 4.7%
for A. ponticum. Same result was observed also after TLC
analysis of crude extracts of both plants. Overall, we can
conclude that 4. saxatile is rich with furostanolic saponins,
this can explain better biological activity of extract and frac-
tions obtained from A. saxatile.

Total ash content of plant materials was determined by
dry ashing. Quantification showed that total ash content of
Allium ponticum was 4.9% and for Allium saxatile was 8.09%.

Table N2
Total flavonoid content of total extract and fraction

Sample TFC (QE/g)
A.S. total extr. 11.07 £7.05
A.S.F2 21.49+10.79
A.S.F3 9.61+4.25
A.P. total extr. 13.08 £6.05
A.P.F2 11.49+7.19
A.P.F3 16.28 £ 6.16

Flavonoids are secondary metabolites with antioxidant
activity, the potency of which depends on the number and
position of free OH groups[9]. Flavonoid compounds are
widely distributed in plants. They mainly include flavonoids,
flavonols, flavones, flavanones, isoflavonoids and antho-
cyanidins[19]. Allium species are rich with flavonoids, for
example: Kaempferol, Quercetin, Myrcetin, Isorhamnetin,
Quercetin-7,42 -diglucoside etc[18].

Quantitative determination of flavonoid content in total
extract and fractions of plants A. saxatile and A. ponticum
was performed using aluminum chloride in a colorimetric
method. The results were derived from the calibration curve
(y=0.0006x +0.0098, R*=0.9996. Figure 1.B) of Quercetin
(10-320 ig/ml). and exposed in quercetin equivalents (QE)
per gram dry extract weight (Table 2). According to the re-
sults we see that, total flavonoid content for crude extract of
A. saxatile, is 11.07 QE/g and highest concentration TFC
among the fractions was observed in fraction A.S.F2, ob-
tained with 50% methanol 21.49 QE/g, in case of crude ex-
tract of 4. ponticum, total flavonoid content was 13.08 QE/g,
studying the fractions showed that TFC concentration is
higher in A.P.F3 fraction, which is obtained with 100% meth-
anol 16.28 QE/g.

Flavonoid content of both plants was observed using
TLC analysis (Figure 2.B), existence of flavonoids was re-
vealed after spraying with 2-aminoethyl Diphenylborinate
solution, as yellow-green spots. Comparing the TLC resul-
tats of fractions we see that for A. Saxatile, fraction A.S.F2 is
rich with flavonoids, in case of A. ponticum fraction A.P.F3
is richer. Same results were found after determination with
UV spectrophotometer.

Conclusions

In this research, secondary metabolites, from the plants
A. saxatile and A. ponticum, such as furostanolic saponins
and flavonoids were characterized using TLC. Furostanolic
saponins were identified as pink spots under visible light
and flavonoids_as a yellow - green spots under 365 nm wave-
length. Total flavonoid content for both plants and extracts
and quantification of furostanolic saponins was done using
UV-vis spectrophotometry. The quantity of furostanolic sa-
ponins were determined using Protodioscine as a standard
solution and flavonoids using Quercetin. Research method-
ology for identification and quantification of furostanol gly-
cosides in Allium saxatile and Allium ponticum were pro-
posed for firs time and will be used for standardization of
described plants.
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This study describes the identification and quantifica-
tion of flavonoids and furostanolic glycosides in plants of
the genus Allium: Allium saxatile and Allium ponticum, grow-
ing in Georgia. Flavonoids and Furostanol glycosides were
identified by thin-layer chromatography (TLC) and quanti-
fied by UV-vis spectrophotometry. The furostanol glyco-
sides were visualized on the TLC plate as pink spots after
treatment with para-Dimethylaminobenzaldehyde solution,
flavonoids were identified as yellow-green spots under 366
nm wavelength, after spraying with a 10 g/L solution of
diphenylboric acid aminoethyl ester R in methanol R. Furo-
stanolic glycoside were quantified by UV-Visible spectro-
photometry to the amount of at least 0.15% for A. ponticum
plant material, and at least 0.6% for A. saxatile. Total ash
value for A. ponticum was 4.9%, for A. saxatile 8.1%. Dur-
ing this research, the total flavonoid content (TFC) of both
plants crude extract and fractions was determined, and the
TFC of crude extract of A. saxatile was 11.07 QE/g, among
the fractions, the highest TFC value was found in A.S.F2
with a value of 21.49 QE/g. In case of the crude extract of A.
ponticum, the TFC was_13.08 QE/g for the crude extract, and
the fraction with the greatest TFC value was found to be
A.P.F3 with a value of 16.28 QE/g. The data obtained from
this research on the identification and quantification of fla-
vonoid and furostanol glycosides, ash value and moisture
content will be used for standardization and quality assess-
ment of raw material.



