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Antibacterial and Antifungal Activities of Some Quercus 
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Summary

Türkiye’ de Yetiflen Baz› Quercus Türlerinin Antibakteriyel 
ve Antifungal Aktiviteleri
Özet

Antibacterial and Antifungal Activities of Some
Quercus Species Growing in Turkey

In this study, antibacterial and antifungal activities of Quercus 
macranthera subsp. syspirensis, Q. cerris, Q. pubescens, and Q. 
coccifera were investigated using broth microdilution method by 
measuring minimum inhibitory concentrations (MICs) of the 
different extracts. Antimicrobial activity was determined against 
two Gram-positive and two Gram-negative bacteria and for three 
fungi. All of the extracts possessed more antifungal activity than 
antibacterial activity in general. Almost all extracts were found 
to be active against the tested Candida strains. In particular, n-
BuOH extract of Q. coccifera exhibited significant activity against 
C. parapsilosis, with a MIC value of 4.8 µg/ml.
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Bu çal›flmada, Quercus macranthera subsp. syspirensis, Q. cerris, 
Q. pubescens and Q. coccifera’ n›n de¤iflik ekstrelerinin 
antibakteriyel ve antifungal aktiviteleri minimum inhibisyon 
konsantrasyonlar›n›n (M‹K) ölçülmesi ile s›v› mikrodilüsyon 
yöntemi kullan›larak araflt›r›lm›flt›r. Antimikrobiyal aktivite iki 
Gram-pozitif ve iki Gram-negatif bakteri ile üç mantara karfl› 
belirlenmifltir. Genel olarak, tüm ekstrelerin antifungal aktiviteleri 
antibakteriyel aktivitelerinden daha iyidir. Hemen hemen tüm 
ekstreler test edilen Candida sufllar›na karfl› aktif bulunmufltur. 
Özellikle, Q. coccifera’ n›n n-BuOH ekstresi C. parapsilosis’ e 
karfl› 4.8 µg/ml M‹K de¤eriyle önemli aktivite göstermifltir.
Anahtar kelimeler: Quercus, Fagaceae, mefle, antimikrobiyal 
aktivite
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INTRODUCTION

The genus Quercus (Fagaceae) is represented by 35 species 

in the flora of Turkey(1). Quercus (oak) species are used 

in traditional medicine as astringent, antiseptic and 

hemostatic, as well as for the treatment of acute diarrhea, 

hemorrhoid, and oral, genital and anal mucosa inflammation. 

Furthermore, the decoction of these plants can be used for 

burns and added to ointments for the healing of cuts(2,3). 

Due to the use of Quercus species in the construction of 

wine barrels and the interactions between wine and oak 

wood during the maturation of wine, these plants have 

been the subject of intensive research. With the consumption 

of wine as a beverage, quantities of oak extracts have also 

been consumed, and these extracts could interfere with the 

ecology of intestinal microflora. 

This genus is chemically characterized by the presence of 

various classes of compounds such as flavonoids (4), 

condensed and hydrolyzable tannins (4, 5), and saponins 

(6).

There has been an increased bacterial resistance to 

antimicrobial agents over the past decades worldwide. 

Moreover, antibiotics are sometimes associated with adverse 

effects on the host, including hypersensitivity, immune-

suppression and allergic reactions(7,8). For these reasons, 

the discovery of alternative drugs is needed. Antimicrobials 

of plant origin are effective in the treatment of infectious 

diseases while simultaneously mitigating many side effects 

that are often associated with synthetic antimicrobials (9). 

In this context, medicinal plants are a good source for 

developing alternative antimicrobial drugs. Based on
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traditional usage and previous research on Quercus species 
in Turkey and worldwide, the present activity screening 
study was performed on the different extracts of Quercus 
macranthera Fisch. & Mey. ex Hohen subsp. syspirensis 
(C. Koch.) Menitsky, Q. cerris L., Q. pubescens Willd., 
and Q. coccifera L., in order to evaluate their potential 
antibacterial and antifungal activities using broth 
microdilution method(10,11).

MATERIALS and METHODS

Plant Materials
Quercus macranthera Fisch. & Mey. ex Hohen subsp. 
syspirensis (C. Koch.) Menitsky was collected from Ankara, 
Beynam Forest in September 2003; Q. cerris L. var. cerrris 
was collected from Isparta, E¤irdir in October 2003; and 
Q. pubescens Willd. and Q. coccifera L were collected 
from Tokat, Niksar in August 2002. Voucher specimens 
were deposited in the Herbarium of Hacettepe University 
Faculty of Pharmacy, Ankara, Turkey (HUEF 03016, 
03015, 02042, and 02018, respectively).

Preparation of Extracts
Air-dried and powdered leaves of the plant material (20 g) 
were extracted with methanol (MeOH):H2O (8:2) mixture 
(3x200 ml) for 5 h at 40 °C and concentrated to dryness 
under reduced pressure. An aliquot of the concentrated 
crude extract was suspended in H2O (100 ml) and partitioned 
with petroleum ether (40-60 °C) (PE) (3x 100 ml), ethyl 
acetate (EtOAc) (4x 100 ml) and n-butanol (BuOH) (4x 
100 ml), individually. PE, EtOAc, and n-BuOH extracts, 
as well as the remaining H2O phase, were concentrated to 
dryness and lyophilized in vacuo. Yield extracts: Q. 
macranthera subsp. syspirensis-PE 1.8%, Q. macranthera 
subsp. syspirensis-EtOAc (QM-EtOAc) 4.81%, Q. 
macranthera subsp. syspirensis-n-BuOH (QM-n-BuOH) 
3.62%, Q. macranthera subsp. syspirensis-H2O (QM-H2O) 
9.45%; Q. cerris-PE 3.1%, Q. cerris-EtOAc (QCE-EtOAc) 
6.28%, Q. cerris-n-BuOH (QCE-n-BuOH) 4.22%, Q. 
cerris-H2O (QCE-H2O) 10.62%; Q. pubescens-PE 2.1%, 
Q. pubescens-EtOAc (QP-EtOAc) 5.28%, Q. pubescens-
n-BuOH (QP-n-BuOH) 3.40%, Q. pubescens-H2O (QP-
H2O) 9.45%; and Q. coccifera-PE 2.6%, Q. coccifera-
EtOAc (QCO-EtOAc) 5.47%, Q. coccifera-n-BuOH (QCO-
n-BuOH) 3.21%, and Q. coccifera-H2O (QCO-H2O) 
12.53%.

Crude extracts were first subjected to thin layer 
chromatography (TLC) in order to screen phytochemical 
contents of the tested materials and then antimicrobial 
activity tests were applied.

Chemicals
TLC Plates: Silica gel 60 F254 20x20 Merck; Organic 
Solvents: Carlo Erba, Merck; Ampicillin: Mustafa Nevzat; 
Fluconazole: Pfizer.

Thin Layer Chromatography
TLC analysis was carried out on pre-coated aluminium 
sheets (Merck). Toluene-Acetone-Formic acid (5:5:1) and 
EtOAc-Acetic acid-H2O (90:5:5) were used for the 
development of the plates. Plates were examined by UV 
fluorescence and spraying 1% vanillin/H2SO4 or 3% 
FeCl3/MeOH, followed by heating at 100 °C for 1-2 min.

Antimicrobial Activity
Test organisms: Plant extracts were tested against two 
standard Gram-positive bacteria: Staphylococcus aureus 
ATCC 29213 (American Type Culture Collection) and 
Enterococcus faecalis ATCC 29212; two standard Gram-
negative bacteria: Escherichia coli ATCC 25922 and 
Pseudomonas aeruginosa ATCC 27853; and three fungi: 
Candida albicans ATCC 90028, C. krusei ATCC 6258 
and C. parapsilosis ATCC 22019.

Antimicrobial activity test: Broth microdilution method 
recommended by the Clinical and Laboratory Standards 
Institute (CLSI) was used to determine the antimicrobial 
activity(10,11). Antibacterial activity test was performed 
in Mueller-Hinton Broth (MHB, Difco Laboratories, Detroit, 
MI, USA), and RPMI-1640 medium with L-glutamine 
(ICN-Flow, Aurora, OH, USA), buffered with MOPS buffer 
(ICN-Flow, Aurora, OH, USA) was used. The inoculum 
densities were approximately 5x105 cfu/ml and 0.5-2.5x103 

cfu/ml for bacteria and fungi, respectively.

Each of plant extracts was dissolved in sterile distilled 
water. Final two-fold concentrations were prepared in the 
wells of the microtiter plates, between 1024-1 µg/ml and 
1250-1.22 µg/ml for Q. coccifera extracts, which were 
studied on a different day. Ampicillin and fluconazole (64-
0.0625 µg/ml) were used as the reference antibiotics for
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bacteria and fungi, respectively. Microtiter plates were 
incubated at 35 °C for 18-24 h for bacteria and 48 h for 
fungi. After the incubation period, minimum inhibitory 
concentration (MIC) values were defined as the lowest 
concentration of the extracts that inhibited the visible 
growth of microorganisms.

RESULTS and DISCUSSION

Table 1 shows the results of the antimicrobial activity 
screening of the tested extracts. All of the oak extracts 
possessed higher activity against fungi than bacteria. In 
general, n-BuOH extracts of the Quercus macranthera 
subsp. syspirensis, Q. cerris, Q. pubescens and Q. coccifera 
showed the highest activity against fungi (256-4.8 µg/ml). 
Especially n-BuOH extract of Q. coccifera exhibited 
significant activity against C. parapsilosis, with a MIC 
value of 4.8 µg/ml. All the extracts studied, except Q. 
coccifera extracts, were found to be more effective against 
C. krusei than the other tested fungi strains. Especially Q. 
macranthera subsp. syspirensis was found to be the most 
active plant against C. krusei. While Q. cerris and Q. 
pubescens extracts did not show antibacterial activity, Q. 
coccifera extracts showed the highest antimicrobial activity 
for almost all of the tested microorganisms, except C. 
krusei. Especially the EtOAc extracts of Q. coccifera were 
the most active against S. aureus and C. albicans strains. 

To date, there have been some studies about antimicrobial 
activities of the Qurecus species. In our previous study, 
antimicrobial activities of different extracts of Q. aucheri 
were investigated. EtOAc extract of this plant was found 
to be the most active among the tested extracts, and 
phytochemical studies on this extract led to isolation of 
flavonoids [quercetin 3-O-β-galactopyranoside and 
quercetin 3-O-α-arabinopyranoside], tannin precursors 
[(+)-catechin and (+)-gallocatechin] and a procyanidin 
[epicatechin-(4β→8)-catechin] (4). As was reported by 
Serit et al. (12), a bio-guided study on the Q. acuta Thunb 
resulted in the isolation of two antibacterial hydrolyzable 
tannins, 4,5-di-O-galloyl-(+)-protoquercitol and 3,5-di-O-
galloyl-(+)-protoquercitol from the EtOAc extract of this 
plant. Although there are some reports about the 
antimicrobial activity of different Quercus species, there 
is only one report about the antimicrobial activity of the 
examined species so far. It was noted that water soluble 
parts of the MeOH extracts of both leaves and fruits of Q. 
macranthera subsp. syspirensis exhibited antimicrobial 
activity against Bacillus catarrhalis. Furthermore, the water 
soluble part of the MeOH extract of this plant’s fruits also 
showed activity against Bacillus subtilis and Helicobacter 
pylori(13). In the present study, preliminary TLC analysis 
of different extracts of Quercus species revealed the presence 
of hydrolyzable tannins in all extracts, whereas flavonoids 
and condensed tannins were detected only in EtOAc and 
n-BuOH extracts. Flavonoids and tannins are well-known

Table 1.	 Antimicrobial activity of different extracts of Q. macranthera subsp. syspirensis, Q. cerris,	
Q. pubescens and Q. coccifera

QM-EtOAc
QM-n-BuOH
QM-H2O
QCE-EtOAc
QCE-n-BuOH
QCE-H2O
QP-EtOAc
QP-n-BuOH
QP-H2O
QCO-EtOAc
QCO-n-BuOH
QCO-H2O
Ampicillin
Fluconazole

Test
material

Bacteria

S. aureus
ATCC
29213
256
1024
512
512
1024

³1024
256

³1024
512
19.5
625
78.1

1
-

E. faecalis
ATCC
29212
³1024
³1024
³1024

128
³1024
³1024

512
512

³1024
312.5
625

³1250
8
-

E. coli
ATCC
25922
512

³1024
³1024
³1024
³1024
³1024

512
³1024
³1024
312.5
1250

³1250
2
-

P. 
aeruginosa

ATCC
27853
256

³1024
1024
256

³1024
³1024

256
³1024
³1024
312.5
78.1
625

-
-

Fungi

C. albicans
ATCC
90028
128
64
64
128
64
128
128
64
128
9.7
19.5
39
-
1

C. krusei
ATCC 
6258
64
16
32
64
64
64
128
64
128

³1250
156.2
³1250

-
64

C. parapsilosis
ATCC
22019
128
64
64
128
128
128
128
64
128
19.5
4.8

156.2
-
8

MIC (µg/ml)
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classes of compounds in the literature exhibiting 
antimicrobial activity(12,14,15). In light of the preliminary 
TLC analysis and literatures cited, antimicrobial activity 
of the studied extracts could be attributed to their 
polyphenolic content (flavonoids and tannins). However, 
further phytochemical studies are required to determine 
the compounds responsible for the antimicrobial activity 
of these species. 

During the last two decades, the incidence of invasive 
fungal infections increased dramatically worldwide. Despite 
the fact that the mortality attributed to Candidiasis decreased 
and new treatment options have been introduced, it is 
obvious that the extended use of recent antifungals such 
as fluconazole has resulted in selection of resistant species 
(e,g. C. krusei, C. glabrata)(16). Taking into account the 
high antifungal activity of Quercus species against the 
tested Candida species, investigation of the antifungal 
activity of these plants in detail could be beneficial for 
finding alternative treatments for Candidiasis.

CONCLUSIONS 

This study demonstrated the antimicrobial activity of Q. 
macranthera subsp. syspirensis, Q. cerris, Q. pubescens 
and Q. coccifera, and indicated that the tested Quercus 
species have good antifungal activity, especially against 
C. krusei. Furthermore, n-BuOH extract of Q. coccifera 
showed significant activity against C. parapsilosis, with 
a MIC value of 4.8 µg/ml. The efficacy of each species 
differs depending on the chemical profile of the plants. 
However, further studies are needed to clarify the bioactive 
components that showed antimicrobial activity. The results 
presented here suggest that these plant extracts should be 
further analyzed, as it might provide a new compound that 
is effective against multiresistant infections.
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