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Abstract This study was performed to determine bioac-
tive compounds such as flavonoid and phenolic contents by
HPLC and gas chromatography—mass spectrophotometry
(GC-MS) and evaluate their antioxidant and antibacterial
activities in bulb, flower and shoot extracts of Galanthus
transcaucasicus Fomin. The overall results indicated that
shoot part contained higher amounts of phenolics and flavo-
noids compared to the bulb and flower with respective values
of 4.45and 2.67 mg/g DW. Besides, HPLC analyses showed
that the gallic acid and syringic acid were the major phenolic
contents in bulb, flower and shoot of G. transcaucasicus
extracts. Apart from that, naringin was the main flavonoid
compounds in bulb, flower and shoot. Volatile metabolites
were detected by GC-MS screening that indicated 2-fur-
ancarboxaldehyde, 2,3-butanediol, and acetic acid as the
main compounds in the bulb, flower and shoot extracts. The
results of antioxidant activity test demonstrated that shoot
extracts of G. transcaucasicus exhibited higher antioxidant
activities compare to bulb and flower. Furthermore, the
shoot, flower and bulb extracts showed high, moderate and
weak antibacterial activities against common human and
food borne pathogenic bacteria, respectively. The overall
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results revealed that various phytochemicals and bioactive
compound in different parts of G. transcaucasicus could be
considered as a source of putative antioxidant and antibacte-
rial properties that could be used as biopreservative in food
and cosmetic industries.
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Introduction

Phenolic and flavonoid compounds are a large group of sec-
ondary metabolites commonly found in plants. The phenolic
acids commonly derived from shikimic acid, mostly occur in
the bound form and their analgesic, antipyretic, cholagogic,
sedative and anti-biotic properties are well documented [1].
The flavonoids are polyphenolic compounds, structurally
derived from the flavones and are supposed to provide health
benefits through radical scavenging and chelating activity.
The anti-inflammatory, anti-allergic, anti-thrombitic, hepato-
protective, anti-spasmodic and anticancer properties of fla-
vonoids such as rutin, kaempferol, quercetin, apigenin etc.
are well-known [1, 2].

The Amaryllidaceae family as a member of monocoty-
ledonous includes about 85 genera and 1100 species which
grow in the region with the warm and mild weather all over
the world [3]. In the last decade, phytochemical studies
showed that there are a number of new compounds from
alkaloids and phenolic combinations with diverse structures
on some species of this plant family. Among these alkaloids,
gracilines and plicamines constitute two new subgroups
for the Amaryllidaceae alkaloids [4]. Several investigators
reported strong antioxidant activity and high amount of phe-
nolic, flavonoid compounds from Amaryllidaceae family
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plants such as Boophane disticha, Narcissus cultivars and
Pancratium species [5—8] Also, acetylcholinesterase (AChE)
inhibitory activity has been reported in Boophane disticha
[5]. Galanthus genus from Amaryllidaceae family is bulbous
perennial plants with ovoid to spherical bulb, narrow to lin-
ear green leaves, erect flowering stalks and white flowers and
distributed around Europe through Anatolia and the Cauca-
sus. Its eastern limit is the Caucasus and Iran and it extends
Lebanon and South of Italy (Sicily) and Greece. Korkut [9]
reported six different phenolic acids including p-hydroxy
benzoic, vanillic and ferulic acids in Galanthus elwesii.

Galanthus transcaucasicusas Fomin is the only natural
snowdrop species in Iran (Talysh and Alborz) that grows
below sea level, occurring in the Hyrcanian forest along
coast of the Caspian Sea. Also, G. transcaucasicus occurs
in Azerbaijan, with a few records from Armenia [10]. More
studies about the G. transcaucasicus compounds were
extraction and characterization of lectins proteins as het-
erogeneous class of (glyco) proteins [11]. Also, five kinds
of isoquinoline alkaloids known as galanthamine (8.04%),
narwedine (6.90%), lycorine (19.48%), caranine (3.45%) and
tazettine (5.75%) were isolated from the alkaloid extract of
the G. transcaucasicus bulbs [12]. Recently, Babashpour-Asl
et al. [13] reported the alkaloid compounds of tissue-cul-
tured bulbs of G. transcaucasicus plants. Also, identification
of homolycorine and nerinine alkaloids from the bulbs of
this plant has reported [13] and they suggested G. transcau-
casicus as a new source of bioactive alkaloids.

While there are many reports on pharmacological activi-
ties of G. transcaucasicus plants proteins and alkaloids,
there is little data related to phenolic compounds in G. tran-
scaucasicus. Accordingly, this research was performed to
determine the accumulation of secondary metabolite, includ-
ing phenols and flavonoids and other bioactive compounds
using HPLC and GC-MS in the bulb, shoot and flower of
IRANIAN medicinal herb G. transcaucasicus. Furthermore,
antioxidant properties of these compounds were assessed by
DPPH, FRAP and ABTS and compared with some natural
(i.e. vitamins C and E) and synthetic (i.e. BHT) antioxidants.

Materials and methods
Chemicals and reagents

The reagents including 1.1-diphenyl-2-picrylhydrazyl
(DPPH), acetonitrile HPLC grade, alpha-tocopherol, alu-
minium chloride, ascorbic acid, butylated hydroxy tolu-
ene (BHT), dimethyl sulfoxide (DMSO), Folin—Ciocalteu
reagent, hydrochloric acid, methanol, sodium carbonate,
sodium hydroxide, purchased from Fisher Scientific, USA.
All phenolics and flavonoids standard were purchased from
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Sigma-Aldrich. All other chemicals used in this experiment
were purchased from Merck.

Plant materials and extract preparation

Galanthus transcaucasicus Fomin specimens were collected
in March 2014 from the Alangdareh, Gorgan in the east of
Alborz Mountain in Iran (longitude 36°47' N and latitude
54°27'E, 350 m above sea level). Voucher specimens were
identified by the Herbarium of Faculty of science, Golestan
University, Gorgan, Iran, (G. transcaucasicus-(6100-GOL)).
The different aerial parts of G. transcaucasicus (flower,
shoot and bulb) were air-dried at ambient temperature
(25 °C) for about 72 h and powdered using laboratory mill.
Dried and powdered samples were extracted using methanol
as a solvent as described by Crozier et al. [14].

Total phenolic and flavonoid assay

The total phenolic compounds (TPC) of the extracts were
determined as described earlier by Hendra et al. [15]. The
extract was measured at absorbance 765 nm and the result
expressed as milligrams of gallic acid equivalents (GAE) per
gram of dry matter. The total flavonoid compounds (TFC)
was determined according to Ismail et al. [16]. The extract
was measured using absorbance at 510 nm and the result
was expressed as milligrams of rutin equivalents per gram
of dry matter.

Determination of phenolic and flavonoid compounds
by HPLC

To determine the quantity and types of phenolic and fla-
vonoid compounds, the samples were analyzed by a high
performance liquid chromatography (Waters, Milford, MA,
USA) equipped with an analytical column (Inertsil ODS-
3,5 pm 4.6 x 150 mm, GI Science Inc) as described by
Karimi et al. [17]. Phenolic and isoflavonoid compounds
were detected at 280 nm while flavonoid compounds were
detected at 350 nm. The phenolic compound standards used
in this study were gallic acid, syringic acid, ferulic acid,
catechin, epicatechin, ellagic acid and cinnamic acid and
flavonoid and isoflavonoid standards were included querce-
tin, rutin, myricetin, apigenin, kampferol, daidezin, gentisic
acid and naringin.

Gas chromatography—mass spectrophotometry method
(GC-MS)

The GC-MS analysis of methanolic extract from differ-
ent parts of G. transcaucasicus extracts were quantitatively
performed by GC-MS (Shimadzu QP2010 PLUS system)
equipped with a capillary column (30 mx0.25 mm i.d. X
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0.25 pm film thickness) based on the method described by
Hossain and Rahman [18] with some modification.

Antioxidant activity
DPPH scavenging activity

The potential of the methanolic extracts for free radical scav-
enging activities were determined as described earlier by Gul-
cin et al. [19]. All measurements were performed in triplicates.
The reaction mixture with lower absorbance values represents
higher free radical scavenging activity. The free radical scav-
enging activities of the extracts were expressed as a percentage
of inhibition and were calculated according to the following
Eq. [20].

Percent (%) inhibition of DPPH = [(AO — Al) / A0)] x 100

The AO was the absorbance value of the blank sample or
control reaction and Al was the absorbance value of the test
sample. A curve of percent inhibition or percent scavenging
effect against samples concentrations was plotted and the con-
centration of the sample required for 50% inhibition was deter-
mined. The value for each of the test sample was presented as
inhibition curve at 50% or ICs,

ABTS radical cation-scavenging

The ABTS radical scavenging activity of methanolic extracts
was evaluated by Karimi et al. [21]. ABTS was dissolved in
water, to a 7 ml concentration. ABTS radical cation (ABTS-")
was produced by reacting ABTS stock solution with 2.45 mM
K,S,04 and allowing the mixture to stand at room temperature
(dark place) overnight before utilization.

Ferric-reducing antioxidant power (FRAP) assay

The ferric reducing property of the extracts was determined by
using assay described by Yen and Chen [22]. One ml (concen-
tration of 100, 150, 200, 250, and 300 pg/ml) of methanolic
extract from different parts of G. transcaucasicus was mixed
with 2.5 ml of potassium phosphate buffer (0.2 M, pH 6.6) and
2.5 ml of potassium ferricyanide (1 g/100 ml). The mixture
was incubated at 50°C for 25 min. Then, to stop the reaction
the trichloroacetic acid (10%) was added to the mixture. An
equal volume of distilled water was added followed by 0.5 ml
ferum chlorate (0.1 g/100 ml) (FeCls). The procedure was car-
ried out in triplicate and allowed to stand for 30 min before
measuring the absorbance at 700 nm. The above procedures
were repeated with ascorbic acid, and BHT as the reference
antioxidants. The percentage of antioxidant activity in FRAP
assay of the samples was calculated according to the below
formula:

Antioxidant Activity (%) = (A, Ao) /A,

A, is the absorbance of the control (potassium phosphate
buffer + FRAP reagent), A, is the Absorbance of sample.

Antibacterial activity assay

The G. transcaucasicus bulb, flower and shoot methanolic
extracts were evaluated for their antibacterial activity against
Bacillus subtilis B145, Bacillus cereus B43, Staphylococ-
cus aureus S1431, Escherichia coli E256 and Pseudomonas
aeruginosa P196 using disc diffusion method as described by
Boussaada et al. [23]. All the bacteria were purchased from
the Iranian Research Organization for Science and Tech-
nology and maintained in the Department of Microbiology,
Faculty of Science, Islamic Azad University of Mashhad.
The positive control without extracts (solvent) and reference
antibiotic (kanamycin) were used in this test. The inhibitions
of extracts were corrected based on inhibition caused by
positive control and compared to the inhibition of reference
antibiotic.

Statistical analysis

The data were analysed using a complete randomized design
following the model: Yi = pu+Ti+ei, where p is the mean,
Ti is the treatment effect and ei is the experimental error,
respectively. The means were compared using Duncan’s
multiple range test and considered significant when p <0.05.

Result and discussion
Total phenolic and flavonoid contents

Results on the phenolics and flavonoids contents (Table 1)
in the bulb, flower and shoot extracts of G. transcaucasicus
plants showed significant difference (p <0.05). The results
revealed that the shoot part contained higher phenolics and
flavonoids compared to the bulb and flower with respec-
tive values of 4.45 mg gallic acid equivalents/g DW and
2.67 mg rutin equivalents/g DW (Table 1). Similarly, Khoda-
dadi et al. [24] reported the higher amount of phenolics and
flavonoids in shoot compared to bulb of Allium paradoxum.
The amounts of phenolic and flavonoid compounds in bulbs
of different populations of A. paradoxum in Iran were ranged
from about 36 to 112 mg/g DW and from 1.3 to 7.7 mg/g
DW for phenolic and flavonoid compounds, respectively
which are higher from G. transcaucasicus. Also, the total
phenolic (about 202 mg tannic acid/g) and flavonoids (about
9 mg quercetin/g) contents of Crinum bulbispermum (Ama-
ryllidaceae) roots were higher from G. transcaucasicus [6].
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Table 1 Total phenolic and flavonoid compounds in methanolic
extracts of different parts of G. transcaucasicus extracts

Parts Phenolic content! Flavonoid content?
Bulb 3.41+0.12° 1.06 +0.45¢
Flower 3.85+0.5° 2.26+0.15°

Shoot 4.45+0.19* 2.67+0.02*

SEM 0.06 0.05

P value 0.01 0.01

Each value represents mean of three replicates
SEM standard error of the mean

'mg gallic acid equivalents/g DW

2mg rutin equivalents/g DW

Means in the same column with different superscripts are signifi-
cantly different (p <0.05)

Determination of phenolic and flavonoid compounds
by HPLC

The concentrations of detected various phenolics and fla-
vonoids from different aerial part of G. transcaucasicus
methanolic extracts by HPLC are shown in the Tables 2 and
3. The obtain results confirmed the presence of gallic acid
(439.5 pg/g DW) as the major phenolics in bulb and syrin-
gic acid (926.2, 705.5 pg/g DW) in flower and shoots of G.
transcaucasicus plants, respectively. There is no report on
amount of individual phenolics in G. transcaucasicus, how-
ever, free and esterified phenolic acids of G. elwesii were
reported by Korkut [9]. They determined six phenolic acids
including Cinnamic, ferulic, vanillic, p-coumaric, p-hydroxy
benzoic, and caffeic acids that p-hydroxy benzoic was the
major component among them followed by vanillic and

ferulic acids [9]. Also, identification (and not quantifica-
tion) of phenolic acids in ethanol extracts from five species
of Amaryllidaceae including Sternbergia colchiciflora, G.
nivalis, G. elwesii, Leucojum aestivum and Pancratium mar-
itimum have reported by Nikolova and Gevrenova [25]. The
presence of five phenolic acids e.g. coumaroyl-quinic, caffeic
and ferulic acids in leaves and bulbous of Pancratium mar-
itimum (Amaryllidaceae) have been reported [7]. Prakash
et al. [26] have reported gallic acid, ferulic acid, protocate-
chuic acid, quercetin and kaempferol in different varieties of
Allium cepa from India. Identification of six phenolic com-
pounds was stated in the bulb extracts of Allium orientale
in which caffeic acid (0.176 +0.008 mg/g) had in highest
amount [27]. Jin et al. [28] have reported phenolic composi-
tion of bulbs of six Lilium species (L. regale, L. concolor,
L. pumilum, L. leucanthum, L. davidii var. unicolor and L.
lancifolium) native to China. Overall, rutin and kaempferol
were the major phenolic compounds in lily bulb extracts,
ranging from 0.96 to 20.98 and 1.30-12.48 mg/100 g DW,
respectively.

The results indicated naringin was the only flavonoid
compounds observed in all parts of G. transcaucasicus
that their amounts were 58.3, 72.6 and 112.9 ug/g DW
in bulb, flower and shoot of plants, respectively. In addi-
tion, Genistein as an isoflavonoid was also detected with
respective values of 131.5 and 202 pg/g DW in flower and
shoot part. This is the first report on HPLC analysis of
individual phenolic and flavonoid compounds presence in
G. transcaucasicus plants. The presence of 14 flavonols
in leaves and bulbous parts in Pancratium maritimum
(Amaryllidaceae) have been reported [7]. The major fla-
vonols in P. maritimum were quercetin and isorhamnetin
glycosides. Perez-Gregorio et al. [29] have reported eight

Table 2 Phenolic compounds
presented in methanolic

G. transcaucasi-

Phenolic contents (ug/g DW)

N cus parts
extract of different parts of G. GA RE SY EP CT CA FA EA
transcaucasicus
Bulb 439.5 ND 117.7 ND 156.4 ND 2442 ND
Flower 112.1 63.9 926.2 ND ND ND ND ND
Shoot 345.8 ND 705.5 ND ND ND 412 ND

GA gallic acid, RE resorcinol, SY syringic acid, EP epicatecin, CT catecin, CA cinamic acid, FA ferulic
acid, EA ellagic acid, ND not detected

Table 3 Flavonoid and

; . G. transcaucasi-
isoflavonoid compounds

Flavonoid and isoflavonoid compounds contents (ug/g DW)

. N cus parts
presented in methanolic NA QR AP KF RU MYR Dz GN
extract of different parts of G.
transcaucasicus Bulb 58.3 ND ND 371.2 56.4 ND ND ND
Flower 72.6 915.5 67.1 ND ND ND ND 131.5
Shoot 112.9 259.3 NA 411.5 ND ND ND 202

NA naringin, QR quercetin, AP apigenin, KF kaempferol, RU rutin, MYR myricetin, DZ daidzein, GN gen-

istein, ND not detected
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flavonols from the edible part of the onion varieties where
the major flavonols were quercetin 3,4-diglucoside and

Minutes

Table 4 Main composition of volatile compounds from different aer-
ial parts of G. transcaucasicus using GC-MS

quercetin 4-glucoside. They found significant differences  pyys Number  Composition (%)  Main compounds
in total flavonoid concentrations were observed among
the red and white varieties. The HPLC chromatogram in ~ BUIP 1 68.77 2-Furancarboxaldehyde
Fig. 1 shows the different phenolic compounds in the bulb ~ Flower 1 43.13 2,3-Butanediol
of G. transcaucasicus and Fig. 2 indicates the different 2 17.74 Acetic acid
flavonoid compounds in the shoot of G. transcaucasicus 5" 1 13.6 Acetic acid
as an instance. 2 9.58 n-Hexadecenoic acid

3 9.42 4H-Pyran-4-One

GC-MS analysis of volatile compounds of G.
transcaucasicus

Gas chromatography mass spectroscopy analysis was con-
ducted in different plant parts and the crude methanolic
extracts resulted in characterization of more than 128 com-
pounds in the bulb, flower and shoot of G. transcaucasi-
cus. The main and predominant volatile compounds were
shown in Table 4. The overall results revealed that the main
volatile compounds were acetic acid (13.6%), 2,3-Butan-
ediol (43.13%) and 2-Furancarboxaldehyde (68.77%) in
the shoot, flower and bulb extracts of G. transcaucasicus,
respectively. Yousefbeyk et al. [12] reported that G. trans-
caucasicus contains biologically active alkaloids especially
galanthamine and the major alkaloid lycorine, so it can be
utilized in medicine.

Antioxidant activity assessment (DPPH, ABTS
and FRAP)

The results of antioxidant activities of extracts obtained
from bulb, flower and shoot part of G. transcaucasicus in
the reactions with DPPH, ABTS and FRAP assay, illustrated
in Figs. 3, 4, 5, respectively. Our finding indicated the strong
antioxidant activity in all parts of G. transcaucasicus plants.
A steady increase was observed in the scavenging activity
of free radicals in all the extracts in the range between 0 and
300 pg/ml. The ICy, concentrations were reported in Table 5.
The assays of shoot extracts of G. transcaucasicus plants
exhibited higher antioxidant activities DPPH IC5,=125.07,
ABTS ICy;,=238.27 and FRAP IC5,=107.42 pg/ml com-
pare to bulb and flower that concurred with the higher
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Fig. 3 DPPH free scavenging activities of different parts of Galan-
thus transcaucasicus. Vitamin C, E and BHT were used as controls.
Each value represents mean + SEM of three replicates

Inhibition (%)
ol
(=]

0 50 100 150 200 250 300
Concentration (ug/ml)
—&—Trolox Bulb

—a—Flower —<=Shoot

Fig.4 ABTS radical cation-scavenging of different parts of Gal-
anthus transcaucasicus and trolox at different concentrations. Each
value represents mean + SEM of three replicates
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Fig. 5 Ferric reducing activity power of different parts of Galanthus
transcaucasicus at different concentrations. Vitamin C, E and BHT
were used as controls. Each value represents mean + SEM of three
replicates

phenolic and flavonoid compounds in shoots (Table 1). It has
been reported that generally in all plant species aerial parts
had the strongest radical scavenging activity than bulbous
parts [24]. The results indicated that antioxidant activities
of the different aerials extracts were lower than reference
antioxidant. Similarly, the antioxidant activity of ethanol
extract of Narcissus cultivars and Boophane disticha plants

@ Springer

Table 5 The IC50 values of extracts and standards in DPPH, FRAP
and ABTS scavenging activities (Mean + SEM; n=3)

Sample IC50 (pg/mL)

DPPH ABTS FRAP
Bulb 171.07% 292.73 +1.94% 151.21+1.28*
Flower 132.61° 267.47+1.45° 137.05+1.61°
Shoot 125.07° 238.27+1.36° 107.42 +1.03°
Vitamin C 65.62° - 96.15+1.37¢
Vitamin E 60.39° - 66.84+1.72f
BHT 83.754 - 83.75+1.87°
Trolox - 191.36+2.02¢ -

DPPH 1,1-Diphenyl-2-picryl-hydrazyl, FRAP ferric reduction, anti-
oxidant power, ABTS 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid

a,b,c.d.e.f Means within columns with different superscript are sig-
nificantly different at p <0.05

(Amaryllidaceae) were (about 80 and 66% at the highest
concentration tested) lower than those of the positive con-
trol [5, 8]. Adewusi and Steenkamp [6] reported antioxi-
dant activates of 12 medicinal plants from southern Africa.
The methanol or ethyl acetate extracts of Scadoxus puni-
ceus (Amaryllidaceae) and Tulbaghia violacea (Alliaceae)
plants showed either no activity or low radical scavenging
activity (at highest tested concentration) in both the DPPH
and ABTS assays. On the contrary, they stated good DPPH
and ABTS radical scavenging ability in C. bulbispermum
(Amaryllidaceae), Piper capense (Piperaceae), Lannea sch-
weinfurthii plants (Anacardiaceae) [6]. The ability of radical
scavenging of extracts could be related to the nature of phe-
nolic and flavonoid compounds that allied to their electron
transfer/hydrogen donating ability. Phenolic compounds
are as radical scavengers, metal chelators, reducing agents,
hydrogen donors and singlet oxygen quenchers. Also, the
hydroxyl groups attached to the aromatic ring structures
of flavonoids helps them scavenge free radicals [6]. Actu-
ally, the phenolic groups of flavonoids act as a source of
‘H’ atoms and the subsequent produced radicals can be de-
localised over their structure [19].

Evaluation of antibacterial activity

The antibacterial potency of different aerial parts of G.
transcaucasicus extracts were assessed by the presence or
absence of inhibition zones (Table 6). The diameter of inhi-
bition zones for bulb, flower and shoot extracts ranged from
0.35t0 0.85 cm, 0.76 to 1.22 cm and 0.92 to 1.29 cm at
0.5 mg/disc, respectively. Among bacteria, E. coli appeared
to be the most sensitive and S. aureus was the most resistant
strain bacteria against tested extracts.
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Table 6 Inhibition zones of
G. transcaucasicus methanolic
extracts against pathogenic
bacteria at the concentration of

G. transcaucasicus extracts

Inhibition zone (cm)

Gram-positive bacteria

Gram-negative bacteria

0.5 mg/disc B. subtilis B. cereus S. aureus E. coli P. aeruginosa
Bulb 0.82¢ 0.714 0.35¢ 0.85¢ 0.46"
Flower 1.05¢ 1.22° 0.76° 1.16¢ 0.98¢
Shoot 1.12° 1.18° 0.92° 1.29 1.06°
Kanamycin (1.0 pg/disc) 1.28% 1.36* 1.17% 1.42% 1.21*

Means with different superscripts within column are significantly different (p <0.05)

Overall, the antibacterial activity of shoot extract
appeared to be more effective than flower and bulb extract.
The high antibacterial activity of shoot part may be due
to the higher various bioactive compounds such as ferulic
acid, kaempferol, genistein and 4H-Pyran-4-One compared
to flower and bulb. Several phenolic acids such as gallic,
caffeic and ferulic acids showed antibacterial activity against
Gram-positive (S. aureus and L. monocytogenes) and Gram-
negative bacteria (E. coli and P. aeruginosa) [30]. Also, the
previous studies exhibited that the compounds containing
pyran rings such as flavonoids possess antibacterial proper-
ties through induction of chemical barriers against invad-
ing microorganisms, disordering of nucleic acid synthesis,
inactivation of adhesions and transport proteins [31]. Daglia
[30] reported that kaempferol inhibit the catalytic activity of
different bacterial topoisomerases. Thus, the antibacterial
activity observed in the G. transcaucasicus extracts could
only be attributed to the presence of phenolics, flavonoid and
volatile compounds (Tables 2, 3, 4). The G. transcaucasicus
extract is considered as a natural source of antibacterial com-
pounds for the food industry. Naturally, derived preserva-
tives can alter the taste of foods or exceed acceptable flavor
thresholds [32].

Conclusion

Medicinal plants are known to have weak or strong thera-
peutic abilities and contribute in reducing risk of diseases
and possess various biological activities. This is attributed
to the large amounts of phytoconstituents such as flavonoids,
phenolics and bioactive volatile compounds found in herbs.
These bioactive compounds have received considerable
attention due to their therapeutic potential for antimicro-
bial, anti-inflammatory, anticancer and antioxidant activi-
ties. This preliminary screening indicated the gallic acid
and syringic acid were the main phenolics and naringin was
the dominent flavonoid compounds in bulb flower and shoot
of G. transcaucasicus methanol extracts. 2-furancarboxal-
dehyde, 2,3-butanediol and acetic acid were main volatile
metabolites in this plant. Furthermore, the obtained results

indicated G. transcaucasicus extracts specially its shoot has
certain potential of antioxidant activity and as a source of
antibacterial could be used as biopreservative in food and
cosmetic industries.
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