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Abstract Many flavonoids are active principles of medicinal plants, exhibit pharmacological effects and contribute to
human health. Also they are taxonomically important for chemosystematic studies by the reason universal presence in
vascular plants. In this study leaf, gall and bark flavonoids of nine populations of Quercus brantii L. varieties (Q. brantii var.
belangeri and Q. brantii var. persica) are compared and reported for first time. Aqueous-ethanolic extracts of collected plant
material from Lorestan Prvince aera, Iran were examined to practice flavonoid detection, isolation and identification by
2-dimensional paper chromatography (2-DPC), thin layer chromatography (TLC), UV spectroscopy and available references.
Voucher specimens were prepared for reference as herbarium voucher. Results showed all of examined taxa have flavonoid
sulphate, flavon C & C-/O glycosides and aglycons in their leaf, gall and bark. Apigenin, kaempferol, myricetin, naringenin,
quercetin and rutin were nearly found in all of studied taxa parts. Studied samples leaf and bark had vitexin while their galls

lacked.
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1. Introduction

The genus Quercus L. (oak) from Fagaceae family
consists of more than 400 species over the worlds. It has
historically been an important source of fuel, fodder and
building materials throughout their ranges. Other products
include tannins and dyes, oak bark and leaves were often
used for tanning leather [1, 2]. Genus Quercus has a
problematic taxonomy [3] because of its immense size and
wide distribution [4], heterophylly, widespread hybridization
between the inferageneric taxa and changes in morphological
features [5, 6]. Therefore, several taxonomic groups within
the genus are noted for their complex patterns of variation,
which causes difficulties for identification of taxa at the
species level [7]. For these reasons there are many
discussions about species numbers in this genus and it is
estimated that Quercus comprising more than 400 species
over the worlds [8, 9], but modern taxonomic treatments will
probably reduce that number [10]. Quercus species are the
most spread trees in the Mediterranean forests [11], which
occupies vast territories of the Northern Hemisphere in
North America, Europe and Asia [12-15]. They are the most
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diverse species in Iran forests [16]. Several oak species grow
abundantly in the Zagros, Arasbaran and Hyrcanian forests
displaying remarkable morphological variation. All oak
species of Iran belong to the subgenus Quercus and two
sections: Quercus and Cerris [17]. Q. brantii Lindl. is one of
the Quercus subgenus Quercus, section Cerris Spach [18].
This species covering more than 50% of the Zagros forest
area and is the most important tree species of this region
growing at 1000-2000 m altitudes [19]. Oaks are important
source of wood and fiber. Their fruits has great
characteristics such as medical and nutritional. Oak akenes
include starch, protein, oil and tannins. They are useful in
treatment of anemia, diarrhea, etc, and the other one
application is livestock feeding [20]. There are many studies
about pharmacognostic properties of different organs of
Quercus species special gall. Shrestha et al (2014) showed
pharmacognotic effects of Q. infectoria Olivier insect gall in
their studies. Results showed the presence of phenols,
flavonoids, steroids, triterpenes, tannins, saponins and
alkaloids. Identification of these medicinal plant materials
can be useful for future plant drug applications. The main
constituents found in the galls of Q. infectoria are tannin
(50-70%) and small amount of free gallic acid and ellagic
acid [21]. Scherbath (2002) found that oaks contain about
25-28 chemical compounds. These include tannic acid,
egallic acid, ellagic acid, monoterpens, pcoumarin, vanillic
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acid, tolune and kaempferol [22]. Four species of oak (Q.
aegilop, Q. infectoria, Q. libani and Q. Marcantherea)
grown in the Iraqi Kurdistan forest contain secondary
products such as polyphenolic compounds; tannins are
ellagic acids which are considered to be a great importance in
medicinal, pharmaceutical, antimicrobial and anti disease
[23]. Ghafour et al (2010) determined some chemical
constitutes of acorn, pericarp and cupules in the 3 oak
species (Q. aegilops, Q. infectoria and Q. libani) from the
Mountain Oak Forest of Sulaimani Governorate. Results
indicated the existence of significant differences in total
phenols and total tannins [24]. Kim et al (2012) comprised
phenolic compounds content in five Korean indeciduous
Quercus species. These species have been used in Korean
folk medicine, having effects on various diseases such as
dysentery, diarrhea, hemorrhagia and dermatitis. They found
that phenolic compounds concentration in leaf was higher
than shoot and Q. salicine Blume leaf had the highest
concentration of total phenolic compounds among the
studied taxa [25]. Nebigil (2011) studied on antioxidative,
and antimicrobial properties of Q. brantii L. (Q.brantii.) seed
extract and determined its phenolic profile using High
Performance Liquid Chromatography (HPLC). He found
that isolated methyl gallate and ethyl acetate fractions could
be considered as powerful antimicrobial agents, and at the
same time efficacious antioxidants [26]. Flavonoids
constitute are the largest group of plant phenols and naturally
generating phenolic compounds. They have the basic
skeleton of diphenylpropanes [27]. Flavonoids are as one set
of the polyphenolic compounds among secondary
metabolites in different organs of plants that possess a wide
range of biological activities. In addition they have
medicinal and pharmacological effects [28-30]. Also they
are popular characters for chemosystematic studies because:
the almost universal presence of flavonoids in vascular
plants; 2. Their structural diversity; 3. The fact that each
species usually contains several flavonoids; 4. The chemical
stability of many flavonoids in dried plant material enabling
herbarium material to be used; 5. Flavonoid profiles using
different chromatographic techniques are easily obtained. 6.
Flavonoids are reasonably easy to identify using published
UV spectra data and available standards; 7. Flavonoids often
show correlations with existing classifications at the family,
genus and species level, and support revisions of existing
classifications at the family, genus and species level [31].
Plant phenolic patterns appear to be more useful for studying
relationships within relatively narrow taxonomic limits, e. g.
at the species and genus level [30, 32, 33]. Noori (2014)
compared 10 population root and leaf flavonoids profiles of
5 Scirpus species from Markazi Province, Iran for
introducing chemotypes [34]. Meng et al (2001) studied on
the effect of five flavonoid compounds isolated from Q.
dentata Thunb on superoxide generation in human
neutrophils and phosphorylation of neutrophil proteins. They
found that the superoxide generation induced by phorbol
12-myristate 13-acetate (PMA) was suppressed by all yellow
compounds [35]. Zhout et al (2001) isolated four acylated

flavonoid glycosides from the leaves of Q. dentata Thunb.
They were kaempferol 3-O-[2"-O-(trans-p-coumaroyl)-6"-O
-acetyl]-B-D-glucopyranoside, kaernferol 3-O-[2",6"-di-O-
(trans-p-coumaroyl)-3",4"-di-O-acetyl]-B-D-glucopyranosi
de, kaempferol 3-O-[2",6"-di-O-(trans-p-coumaroyl)]-p-D-
glucopyranoside and kaempferol 3-O-[6"-O-(trans-p-
coumaroyl)]-B-D-glucopyranoside [36]. In this study leaf,
gall and bark flavonoids of nine populations of Q. brantii L.
varieties (Q. brantii var. belangeri and Q. brantii var.
persica) aqueous ethanolic extracts are reported for first time
in Iran.

2. Materials and Methods

2.1. Collection of Plant Material and Preparation

Leaf, gall and bark of nine populations of Quercus brantii
L. varieties (Q. brantii var. belangeri and Q. brantii var.
persica) were collected from Lorestan Province, Iran arca
during 2013 as described in Table 1. Plants identified using
available references [3, 4, 6, 37, 38]. Specimens of each
sample were prepared for reference as herbarium vouchers
that were deposited at the Arak University Herbarium. Leaf
air dried, gall and bark samples were separately prepared for
detection and identification of their flavonoids.

2.2. Extraction of the Plant Material

For a comparative analysis of the flavonoids, small
extracts of all the accessions were prepared by boiling 200
mg of powdered each of materials for 2 min in 5 ml of 70%
EtOH. The mixture was cooled and left to extract for 24 h.
The extract was then filtered, evaporated to dryness by rotary
evaporation at 40°, and taken up in 2 ml of 80% MeOH for
analysis by 2-Dimensional Paper Chromatography (2-D PC).

2.3. Flavonoid Analysis by 2-Dimensional Paper
Chromatography (2-DPC)

For the detection of flavonoids, ca 20 pl of each of the
small extracts was applied to the corner of a quarter sheet of
Whatman No 1 chromatography paper as a concentrated spot
(10 applications of 2pl). The chromatogram for each sample
was developed in BAW (n-BuOH-HOAc-H,0=4:1:5; V/V;
upper layer), 1* direction, and HOAc (=15% aqueous acetic
acid), 2™ direction, with rutin (=quercetin 3-O-rutinoside) as
a standard. After development, the chromatograms were
viewed in longwave UV light (366 nm) and any dark
absorbing and fluorescent spots were marked. R¢-values in
BAW and 15% HOAc were calculated.

2.4. Methods of Identification of the Flavonoids

After obtaining sufficient amounts of purified flavonoids,
as in the case of the flavonoids from nine populations of Q.
brantii varieties (Q. brantii var. belangeri and Q. brantii var.
persica), they were identified by means of UV spectroscopy
using shift reagents to investigate the substitution patterns of
the flavonoids [39, 40] and by acid hydrolysis to identify the
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aglycone and sugar moieties. Cochromatography with
standards was also performed where possible. Flavonoid
standards available for comparison during the study were
Apigenin, Chrysin, Isorhamnetin, Kaempferol, Luteolin,
Morine, Myricetin, Narengenin, Quercetin, Rhamnetin,
Rutin, Tricine and Vitexin (all obtained commercially, Rutin
from Merck, Apigenin and Luteolin from Sigma and the rest
from Fluka).

2.5. Acid Hydrolysis and Identification of Flavonoid
Aglycones

A small amount of each purified flavonoid (ca 0.5 mg)
was dissolved in 0.5 ml of 80% MeOH in a test tube. To this
sample 2 ml of 2M HCI was added and the mixture was
heated in a water bath at 100°C for 0.5 h. The solution was
cooled, 2 ml of EtOAc was added and thoroughly mixed with
the aqueous layer using a whirley mixer. The upper EtOAc
layer was removed with a pipette, evaporated to dryness,
dissolved in 0.5 ml of MeOH and applied as spots on thin
layer chromatograms (cellulose). The TLC plates were run in
three solvents alongside standards to identify the aglycone
moiety [41].

3. Results

All of studied Quercus samples contained flavonoid
compounds in their leaf, gall and bark. Their flavonoids
profiles showed a wide variety between the samples. Data in
Table 1 and 2 show the sampling and also 2-dimentional
paper and thin layer chromatographical data of nine
populations of Q. brantii varieties from west of Iran. Figure 1
and 2 show stacked column with a 3-D visual effect
histogram for comparing leaf, gall and bark flavonoids data
(number of flavonoid sulphate, number of flavone C-and
C-/O-glucosides, number of aglycones and occurrence of
Apigenin, Kaempferol, Myricetin, Narengenin, Quercetin,
Rutin and Vitexin) in the studied samples. As Table 1 and
Figure 1 show all 9 studied species contain flavonoid
sulphates, flavone C and C-/O-glycosides and aglycons in
their leaf, gall and bark. As Table 2 and Figure 2 show the
most flavonoid compounds variety was found in CTA,
CTAg and CTAy leaves and also in CTA;, CTA, and CTA;
barks. Apigenin and Kaempferol were found in all of nine Q.
brantii varieties populations leaf, gall and bark. All of
studied samples had Myricetin with the exception of CTA¢
gall and CTAy bark. Quercetin was found in all of leaf, gall
and bark of the studied taxa with the exception of CTA¢ and
CTA; galls. All of studied taxa leaf, gall and bark had
Narengenin but CTAg and CTA, galls lacked this flavonoid.
CTA4, CTA; and CTAg galls had not Rutin while other
samples had. Vitexin was found in all of studied Quercus
samples leaf and bark. All of studied Quercus samples gall
lacked Vitexin with the exception of CTA;| and CTA, galls.

4. Discussion and Conclusions

It is known that oaks in addition being important for their
wood and fiber, they are important in medicine and nutrition.
Many studies showed existing phenolic and flavonoids
compounds in different Quercus species organs special in
gall and fruit [21-27]. Existing flavonoids in oaks was
reported by some researchers but identification of flavonoids
kinds in Iranian oaks was reported for first time in this study.
All of studied Quercus samples contained flavonoid
compounds in their leaf, gall and bark that the most
flavonoid compounds variety was found in CTA;, CTAg and
CTAy leaves and also in CTA;, CTA,; and CTAs barks
(Tables 1 and 2, Figures 1 and 2). These results show a wide
variety between the samples in the studied samples
flavonoids profiles. Ghafour et al (2010) studies on 3 oak
species acorn, pericarp and cupules showed the existence of
significant differences in total phenols and total tannins [24].
Our study results showed existing of Apigenin, Kaempferol,
Myricetin, Narengenin, Quercetin, Rutin and Vitexin in
studied taxa. Osterc et al (2007) and Pulcini (2006) found
these named flavonoids in Castanea taxa. Also Laposi et al
(2008) reported flavonid compounds from Fagus sylvatica
[42-44]. These results can extremely be useful in clarifying
systematic relationships within the family as Harborne (1994)
showed among secondary metabolites in different organs of
plants, flavonoids are popular compounds for
chemotaxonomic surveys of plant genera and families [32] in
addition their role as active principles of medicinal plants,
exhibition pharmacological effects and contribution to
human health [30, 32, 33]. The phenolic patterns appear to be
more useful for studying relationships within relatively
narrow taxonomic limits, e. g. at the species and genus level
as Williams et al (1986) used the character for 255 species of
the family Iridaceae [45] and Noori (2014) studies showed in
Scirpus populations [34]. Q. brantii galls are used in tanning
leather and also used in traditional medicine with other
Quercus organs. Occurrences of flavonoid compounds in
studied organs of Q. brantii varieties are good character by
the reason flavonoids are active principles of nutritional and
medicinal plants. Studies on their flavonoids antioxidatnt,
antifungal and antibacterial activities can help to better usage
of them and also improvement of drugs and foods quality.
Nebigil (2011) studied on antioxidative, and antimicrobial
properties of Q. brantii seed extract [26]. Meng et al (2001)
studied on the effect of five flavonoid compounds isolated
from Q. dentata Thunb on superoxide generation in human
neutrophils and phosphorylation of neutrophil proteins [35].
Further work is needed using high performance liquid
chromatography with diode array detection, atmospheric
pressure chemical ionization liquid chromatography-mass
spectroscopy to evaluate all flavonoid profiles in studied and
other Quercus species. It is believed that Quercus species
can be separated from each other according to their flavonoid
pattern and also the pattern can help to more their usages.
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Figure 1. Stacked column with a 3-D visual effect histogram for comparing leaf, gall and bark flavonoids data using 2-Dimentional Paper Chromatography
of nine studied populations of Quercus brantii L. varieties (Q. brantii var. belangeri and Q. brantii var. persica) from Lorestan Province, Iran area

Comparing leaf, gall & bark identified flavonoids using TLC in
studied Quercus L. taxa in Lorestan Province area, Iran
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Figure 2. Stacked column with a 3-D visual effect histogram for comparing leaf, gall and bark flavonoids data using Thin Layer Chromatography of nine
studied populations of Quercus brantii L. varieties (Q. brantii var. belangeri and Q. brantii var. persica) from Lorestan Province, Iran area. Scored
characters for drowing 3-D column histogram in Excel based on Table 1 data: -0 (non flavonoid), £ 1 (UV absorbance < 0.1), + 2 (few flavonoid) and ++ 3
(high concentration of flavonoid)
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Table 1. Collection information and 2-Dimentional Paper Chromatography flavnoids data of 9 studied populations of Quercus brantii L. varieties (Q.

brantii var. belangeri and Q. brantii var. persica) leaf, gall and bark from Iran

Flavonoid type
] Number Number Number.of
V(:il;ctl;er Taxon organ Longitude Latitude Alz::;de PH ﬂ:f tota'l flav((:floi d 2?:330(13 Aglycones
vonoids sulphates  /O-glucosides
*CTA, Q. brantii var. belangeri leaf 33°34'N  47°32°E 1790 6 6 1 4 1
CTA, Q. brantii var. belangeri leaf 33°34'N  47°32°E 1790 6 6 1 4 1
CTA; Q. brantii.* leaf 33°30°N  47°20°E 1664 6 5 2 1 2
CTA, Q. brantii var. belangeri leaf 33°30°'N  47°20'E 1664 6 5 2 1 2
CTAs; Q. brantii var. belangeri leaf 33°32"N  47°49'E 1830 8 7 3 1 3
CTA¢ Q. brantii var. persica leaf 33°23'N  47°58°E 930 6.5 7 3 1 3
CTA; Q. brantii var. persica leaf 33°28°'N  47°56'E 1000 8 8 1 3 4
CTAg Q. brantii var. persica leaf 33°31'N  47°48°E 1300 6.5 5 3 1 1
CTAy Q. brantii ver. persica leaf 33°34'N  48°10'E 1412 7 9 4 3 2
CTA, Q. brantii var. belangeri gall 33°34'N  47°32°E 1790 6 5 2 1 2
CTA, Q. brantii var. belangeri gall 33°34'N  47°32°E 1790 6 5 2 1 2
CTA; Q. brantii gall 33°30°'N  47°20°E 1664 6 6 3 2 1
CTA, Q. brantii var. belangeri gall 33°30°N  47°20°E 1664 6 6 3 2 1
CTAs Q. brantii var. belangeri gall 33°32'N  47°49E 1830 8 7 3 2 2
CTA¢ Q. brantii var. persica gall 33°23'N  47°S58E 930 6.5 4 2 1 1
CTA, Q. brantii var. persica gall 33°28'N  47°56'E 1000 8 5 1 3 1
CTAg Q. brantii var. persica gall 33°31"N  47°48°E 1300 6.5 6 1 2 3
CTA, Q. brantii var. persica gall 33°34'N  48°10'E 1412 7 6 1 2 3
CTA, Q. brantii var. belangeri bark 33°34'N  47°32°E 1790 6 6 2 3 1
CTA, Q. brantii var belangeri bark 33°34'N  47°32°E 1790 6 6 2 3 1
CTA; Q. brantii bark 33°30°N  47°20°E 1664 6 5 1 3 1
CTA, Q. brantii var. belangeri bark 33°30°'N  47°20°E 1664 6 5 1 3 1
CTAs Q. brantii var. belangeri bark 33°32'N  47°49'°E 1830 8 4 2 1 1
CTA¢ Q. brantii var. persica bark 33°23’N  47°58°E 930 6.5 6 2 3 1
CTA; Q. brantii var. persica bark 33°28°'N  47°56'E 1000 8 5 2 2 1
CTAg Q. brantii var. persica bark 33°31"N  47°48°E 1300 6.5 6 1 4 1
CTAy Q. brantii var. persica bark 33°34'N  48°10'E 1412 7 6 2 2 2

*CTA=Tahere Ahmadi Quercus Collection Number
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Table 2. Thin Layer Chromatography data of 9 studied populations of Quercus brantii L. varieties (Q. brantii var. belangeri and Q. brantii var. persica) leaf,
gall and bark from Iran

Voucher data

Flavonoids Identification

organ Apigenin Kaempferol Myricetin Naringenin Quercetin Rutin Vitexin

*CTAL leaf ++ ++ ++ ++ + ++ +
CTA2 leaf ++ ++ ++ ++ + ++ +
CTA3 leaf ++ ++ ++ +
CTA4 leaf ++ ++ ++ +
CTAS leaf ++ ++ ++ ++ ++ ++ +
CTA6 leaf ++ ++ ++ ++ ++ ++ +
CTA7 leaf ++ ++ ++ ++ ++ ++ +
CTAS leaf ++ ++ ++ ++ ++ ++ +
CTA9 leaf ++ ++ ++ ++ ++ ++ +
CTA1 gall ++ + ++ ++ ++ + +
CTA2 gall ++ + ++ ++ ++ + -
CTA3 gall ++ + ++ ++ ++ + -
CTA4 gall ++ + ++ ++ ++ + -
CTAS gall ++ + ++ ++ ++ + -
CTAG6 gall + - - + -
CTA7 gall + ++ - +

CTAS gall + ++ + + _
CTA9 gall + - ++ + +
CTAl bark ++ ++ ++ ++ ++ ++ +
CTA2 bark ++ ++ ++ ++ ++ ++ +
CTA3 bark + ++ ++ ++ ++ ++ ++
CTA4 bark + ++ ++ ++ ++ ++ ++
CTAS bark + ++ ++ ++ ++ ++ ++
CTA6 bark + + - ++ ++ ++ +
CTA7 bark + + ++ ++ + +
CTA8 bark + + ++ ++ +
CTA9 bark + + - ++ ++ T+ +

*CTA=Tahere Ahmadi Quercus Collection Number
Scored characters: -0 (non flavonoid), £1 (few flavonoid), +2 (middle concentration of flavonoid), ++3 (high concentration of flavonoid).

REFERENCES

(1]

LITTLE ELBERT L JR. 1979. Checklist of United States

trees (native and naturalized). Agriculture Handbook No. 541.

Forest Service, U.S. Dept. of Agriculture.

NIXON KC. 1997. Quercus. In: Flora of North America
Editorial Committee (eds.), Flora of North America north of
Mexico—New York: Oxford Univ. Press, vol. 3: 436-506.

BURGER WC.1975. The species concept in Quercus. Taxon.
24 (1): 45-50.

JONES JH. 1986. Evolution of the Fagaceae: the
implications of foliar features. Ann Mo Bot Gard. 73 (2):
228-275.

TUCKER JM. 1974. Patterns of parallel evolution of leaf
form in new world oaks. Taxon. 23 (1): 129-154.

COLOMBO PM, LORENZONI FC & GRIGOLETTO F.

1983. Pollen grain morphology supports the taxonomical
discrimination of Mediterranean oaks (Quercus, Fagaceae).
Plant Syst Evol. 141 (3-4): 273-284.

BACILIERI R, DOCOUSSO A, PETIT RJ & KREMER A.
1996. Mating system and asymmetric hybridization in a
mixed stand of Europeaen oaks —Evolution, 50: 900-908.

TRELEASE W. 1924. The American oaks. Mem Nat Acad
Sci. 20: 1-255.

CAMUS A. 1936-1954. Les chénes: monographie du genre
Quercus. Paris: Paul Lechevalier & Fils; (Encyclopédie
économique de silviculture).

KAUL RB. 1985. Reproductive morphology of Quercus
(Fagaceae). Am J Bot.; 72 (12): 1962-1977.

VAZQUEZ PARDO FM. 1998 Semillas del género Quercus
L. (Biologia, Ecologia y Manejo). Servicio de Investigacion y
Desarrollo Tecnolégico. Junta de Extremadura. Consejeria de
Agricultura y Comercio, Junta de Extremadura, Badajoz.

MANOS PS, ZHOU Z & CANNON CH. 2001. Systematics
of Fagaceae: phylogenetic tests of reproductive trait



48

[13]

[14]

[15]

[16]

[17]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

Mitra Noori et al.:

Comparative Studies of Leaf, Gall and Bark Flavonoids in

Collected Quercus brantii Lindl. (Fagaceae) from Lorestan Province, Iran

evolution. Int. J. Plant Sci., 162: 1361-1379.

BORAZAN A & BABAC MT. 2003. Morphometric leaf
variation in oaks (Quercus) of Bolu, Turkey. Ann. Bot. Fenn.,
40: 233-242.

NARYSHKINA NN & EVSTIGNEEVA TA. 2009.
Sculpture of pollen grains of Quercus L. from the Holocene of
the south of the Sea of Japan. Paleont. J., 43: 1309-1315.

DENK T & GRIMM GW. 2010. The oaks of western Eurasia:
traditional classifications and evidence from two nuclear
markers. Taxon, 59: 351-366.

SABETI H. 1976. Forests, Trees and Shrubs of Iran. Ministry
of Agricultural and Natural Resources Press, Tehran, Iran (in
Persian).

MENITSKY GL. 1971. Fagaceae. In: Rechinger, K.H. (ed.),
Flora Iranica, Akad. Druck- u. Verlagsanstalt, Graz, Vol. 77,
pp. 1-20

SABETI H. 1994. Forests, trees and shrubs of Iran —Yazd
Univ. Press, Yazd, 876 pp.

SAGHEB-TALEBI KH. 2005. Rehabilitation of temperate
forests in Iran. in: Stanturf, J.A. and Madsen, P. (eds)
Restoration of Boreal and Temperate Forests. CRC Press,
Boca Raton, Florida, 397-407.

JALILIAN TABAR F, LORESTANI AN, GHOLAMI R,
BEHZADI A & FEREIDONI M. 2011. Physical and
mechanical properties of oak (Quercus persica) fruits, Agric
Eng Int: CIGR Journal, 13 (4): 1-4.

SHRESTHA S, KAUSHIK VS, ESHWARAPPA RSB,
SUBARAMAIHHA SR, RAMANNA LM & LAKKAPPA
DB. 2014. Pharmacognostic studies of insect gall of Quercus
infectoria Olivier (Fagaceae), Asian Pacific Journal of
Tropical Biomedicine, Asian Pac J Trop Biomed., 4 (1):
35-39.

SCHERBATH LL. 2002. A survey of Allelopathic and other
chemical  interaction of  oak  (Quercus  Spp.)
http://colostate.edu/depts/Entomology/courses/papers-2002/s
cher barth-polf-62k.

COWN MM. 1999. Plant product as antimicrobial agents.
Clinical microbiology reviews, 12 (4), 564-582.

GHAFOUR NH, AZIZ HA & ALMOLLA RM. 2010.
Determination of Some Chemical Constitutes of Oak Plants
(Quercus spp) in the Mountain Oak Forest of Sulaimani
Governorate. J. Zankoy Sulaimani, 13 (1): 129-142.

KIM JJ, GHIMIRE BK., SHIN HC, LEE KJ, SONG KS,
CHUNG YS, YOON TS, LEE YJ, KIM EH & CHUNG IM.
2012. Comparison of phenolic compounds content in
indeciduous Quercus species, Journal of Medicinal Plants
Research, 6 (39): 5228-5239.

NEBIGIL C. 2011. Characterization of antioxidant and
antimicrobial isolates from Quercus brantii L. extract, MSc
Thesis in Chemistry, The Graduate School of Natural and
Applied Sciences of Middle Technical University, Turkey.

HARBONE JB, BAXTER H & MOSS GP. 1999.
Phytochemical dictionary: Handbook of bioactive

(28]

(30]

[33]

[37]

(38]

[39]

[40]

[41]

[42]

compounds from plants. (2 nd ed.). London: Taylor and
Francis.

PARR AJ, BOLWELL GP. 2000. Phenols in the plant and in
man. The potential for possible nutritional enhancment of the
diet by modifying the phenols content or profile, Journal of
the Science of Food and Agriculture, 80: 985-1012.

NOORI M. 2002. Characterization of the Iranian species of
Sophora and Ammodendron (Leguminosae; Sophoreae), PhD
Thesis, University of London and Royal Botanic Gardens,
Kew, UK.

NOORI M, CHEHREGANI A & KAVEH M. 2009.
Flavonoids of 17 species of Euphorbia, (Euphorbiaceae) in
Iran, Toxicological and Environmental Chemistry, 91 (3):
409-418.

HARBORNE JB & TURNER BL. 1984. Plant

chemosystematics, Academic Press, London.

HARBORNE JB. 1994. The Flavonoids: Advance in
Research Since 1986, Chapman and Hall, New York. Pages:
676.

MOORE MO & GIANNASI DE. 1994. Foliar flavonoids of
Eastern North American vitis (vitaceae) North of Mexico.
Plant systematics and evolution, 193 (1-4): 21-36.

NOORI M. 2014. Introducing Scirpus L. chemotypes in
Markazi Province, Iran, OWSD Fifth General Assembly and
International Conference, Cuernavaca, Mexico 17-20
September 2014.

MENG Z, ZHOU Y, LU J, SUGAHARA K, XU S &
KODAMA. 2001. Effect of five flavonoid compounds
isolated from Quercus dentata Thunb on super oxide
generation in human neutrophils and phosphorylaeion of
neutrophil proteins. Clinical, Chemistry, Acta, 306: 97-102.

ZHOU YJ, XU SX, CHE QM & SUN QS. 2001, Flavonoids
from the leaves of Quercus dentate. Indian Journal of
chemistry. 40: 394-398.

MOBAYEN S. 1979. Flora of Iran 2. Tehran University Press,
Tehran, 1500(2): 296-305.

GHAHREMAN A. 1980-2002. Color flora of Iran, Research
Institute of Forest and Rangelands, Tehran, Iran. Published by
RIFR, Ministry of Reconstruction Jahad, Volumes 1-24.

MABRY TJ, MARKHAM KR & THOMAS MB. 1970. The
Systematic Identification of Flavonoids, Springer Verlag,
Berlin.

MARKHAM KR. 1982. Techniques of Flavonoid

Identification, Academic Press, London.

HARBORNE JB. 1998. Phytochemistry Methods, 3™ ed.
Chapman and Hall, London.

OSTERC G, STEFANCIC M, SOLAR A, STAMPAR F.
2007. Potential involvement of flavonoids in the rooting
response of chestnus hybrid (Castanea crenata x Castanea
sativa) clones, Australian Journal of Experimental
Agriculture, 47: 96-102.

LAPOSI R, VERES S, MESZAROS I 2008.



International Journal of Plant Research 2015, 5(2): 42-49 49

Ecophysiological investigation of UV-B tolerance of beech  [45] WILLIAMS CA, HARBORNE JB, GOLDBLATT P. 1986.
saplings (Fagus sylvatica L.). Acta silvae. Lign. Hung, 4: Correlation between phenolic patterns and tribal classification
7-16. in the family Iridaceae. Phytochemistry, 25: 2135-2154.

[44] PULCINI P. 2006. Fast SPE extraction and LC-ESI- MS- MS
analysis of flavonoids and phenolic acids in honey,
APIACTA. 41: 21-27.



	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion and Conclusions

