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ABSTRACT
Objectives: Walnut (Juglans regia L.) kernel septum (or septa) (WKS), a traditional nutraceutical material in
China, has not been explored in detail. In this study, antimicrobial activity, total phenolic content (TPC) and
antioxidant-oxidant status of WKS was investigated in case it may be clinically important in the management
of various complications. 
Methods: The WKS was extracted with ethanol in a Soxhlet device. TPC of WKS was analysed by using
Folin-Ciocalteu’s method. Antioxidant activity was obtained by using Rel Assay Diagnostics kits. The
antimicrobial activity of WKS was evaluated against two Gram-positive (Staphylococcus aureus, Bacillus
subtilis), one Gram-negative bacteria (Escherichia coli) and one fungus (Candida albicans) strains using the
agar diffusion method.
Results: The TPC of WKS was found to be 119.42 ± 2.39 mg GAE/gDW. It was determined that total
antioxidant status (TAS), total oxidant status (TOS) and oxidative stress index (OSI) values were 7.542 ± 0.389
mmol/L, 3.718 ± 0.287 µmol/L and 0.049 ± 0.001, respectively. WKS selectively inhibited the growth of Gram-
positive bacteria and fungus, while S. aureus was the most susceptible one with 16 mm of inhibition zone.
Gram-negative bacteria was resistant to the extract.
Conclusions: As far as we know, this paper is the first work that demonstrates the antioxidant-oxidant status
of WKS by using the method described above, and moreover there are no scientific reports which have
examined WKS in such a multidisciplinary experimental design. This study strongly supports the reported
traditional use of WKS. Results indicated that WKS can be used as a pharmacological natural agent due to its
high antioxidant and antimicrobial activities. 
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Herbal drugs are the oldest type of health service
known by humankind. Medicinal plants have

been used by all cultures throughout the history [1]. It
is demonstrated in several studies that aromatic and
medicinal plants are the source of many molecules
with antioxidant and antimicrobial characteristics
which can protect the body against both cellular oxi-

dation reactions and pathogens. Thus, characterization
of different parts of different types of plants is impor-
tant in order to show their antioxidant and antimicro-
bial potentials [2]. 
      In cases where reactive oxygen species (RES) are
excessively produced or antioxidant mechanisms are
insufficient, the failure of the balance between oxi-
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dant-antioxidant systems is defined as oxidative stress,
and this condition has a significant role in the
etiopathogenesis of many diseases [3]. Triggering fac-
tors caused by the modern lifestyle such as processed
food, exposure to several chemicals, lack of exercise
makes oxidative stress inevitable [4]. Weakening of
antioxidant protection mechanisms that play an active
role in decreasing the oxidative stress effects is a con-
dition which increases tendency of body cells and tis-
sues to develop diseases. Therefore, to continue
having sufficient antioxidant levels without having ex-
cess dose are necessary to prevent many numbers of
diseases and to take them under control [5]. 
      It is known that phytochemicals such as phenolic
compounds in plants decrease the risk of degenerative
diseases by inhibiting the oxidation of macromole-
cules or decreasing the oxidative stress [6]. Bioactive
materials including phenolic compounds have a large
number of chemical functions and structures. It has
been reported that bioactive components have a po-
tential effect on health and particularly they have ben-
eficial effects on prevention or delay of chronical
diseases. However, complex, controlled, and long-
term studies which would demonstrate these effects
are still required [7]. 
      On the other hand, increasing antibiotic resistance
in bacteria is one of the main reasons of failure in fight
with infectious diseases. Especially for an important
number of immunosuppressed patients, infections are
the most important reason of mortality and morbidity
[8]. The rapid emergence of multidrug-resistant bac-
teria results in a constant requirement for novel an-
timicrobial components [9]. 
      To date, walnut is accepted as a natural functional
food due to its nutritious content and medical benefits
[10]. Many previous pharmacological studies have
shown that different parts of Juglans regia L. have nu-
tritious, cardiovascular, antidepressant, antisedative,
antimicrobial, antioxidant, anticancerous, antidiabetic,
antiinflammatory, antiparasitic, immunological, anal-
gesic, gastrointestinal, endocrinal, and several other
pharmacological effects [1]. Use of walnuts and wal-
nut trees has a long history. Therefore, green husk, ker-
nel, shell, or other parts such as flowers or leaves of
walnut have always drawn attention and not only
found place in conventional medicinal systems but
they are also used in pharmaceutical and beauty indus-
tries [11-13]. 

      The woody tissue, that divides the walnut fruit into
two parts from inside called as ‘Walnut Kernel Sep-
tum’ (WKS) is a by-product which has been included
in traditional medical literature and has been used in
diseases such as diabetes, insomnia, diarrhea, renal
diseases and reproductive disorders. However, it has
not gained the reputation it deserves as there are very
few numbers of scientific studies about it [14]. 
      This study focuses on this part of the walnut which
is treated as a waste and has only limited usage area.
The aim of this study is to evaluate the total phenolic
content, antioxidant, and antimicrobial capacity of
ethanolic WKS extract with a multidisciplinary exper-
imental design. 

METHODS

Chemicals 
All chemicals/reagents used in this study were pur-
chased from Sigma (Sigma Aldrich Chemie GmbH,
Schnelldorf, Germany) and Merck (Darmstadt, Ger-
many). All reagents and solvents used were of analyt-
ical grade. Water used in all analyses was ultra-pure
produced by a Milli-Q system (Millipore, Bedford,
MA, USA). Total oxidant status (TOS) and total an-
tioxidant status (TAS levels) were determined by using
Rel Assay Diagnostic kit RL009 and RL010, respec-
tively. 

Plant Material and Extraction Procedure 
      Walnuts (Juglans regia L.), which is naturally
grown in Kaman district of Kırşehir province, were
supplied commercially. The WKS of dried walnuts
which separates the two kernel pieces were removed.
The shadow-dried plant materials were chopped, just
prior to pulverization with the help of a blender (War-
ing 8011 EB). WKSs (10 g) were extracted by a Soxh-
let device (BUCHI Extraction System Model B811)
with 100 mL ethanol (EtOH-%95, v/v, Merck) at 60°C
for 8 hours. The extracts were filtered using Whatman
filter paper (No:1) and then concentrated under vac-
uum at 40°C using a Rotary evaporator (Heidolph Hei-
Vap Rotary Evaporator). Obtained ethanolic WKS
extract was stored in a freezer at -20°C for further
tests. 

Biological Materials 

88   The European Research Journal   Volume 9   Issue 1   January 2023



Eur Res J 2023;9(1):87-96 Özşahin Delibaş and Kıray

      Based on their pathogenic importance, the follow-
ing test micro-organisms were selected for the antimi-
crobial activity assay; Staphylococcus aureus ATCC
29213 and Bacillus subtilis ATCC 6633 as gram-pos-
itive bacteria; Escherichia coli ATCC 25922 as gram-
negative bacteria and Candida albicans ATCC 90028
as fungus. All standard bacterial and fungal strains
were obtained from Department of Medical Microbi-
ology, Ahi Evran University, Kırşehir. 

Quantitative Determination of TPC 
      Total phenolic content (TPC) of ethanolic WKS
extract was determined by using the Folin-Ciocalteu
(FC) method with minor modifications [15]. The prin-
ciple of the method is based on the separation of a phe-
nolic proton in alkaline medium and formation of a
phenolate anion capable of reducing the FC reagent. 
      The prepared ethanolic WKS extract was diluted
100 times with Milli-Q water. 1 mL of the diluted sam-
ple was mixed with 1 mL of five times diluted FC
reagent, prepared freshly before use. The reaction
medium was kept at room temperature for 3 min. The
mixture was then mixed with 3 mL of sodium carbon-
ate (Na2CO3) solution (12.5%) and 15 mL of Milli-Q
water. The solution was vortexed for 1 min and kept
at 25 °C for 90 min. The absorbance value was ob-
tained at 760 nm by using a spectrophotometer
(Thermo Scienteilfic-Evolution 60S UV-Visible). Cal-
ibration curve used for quantification was obtained by
using different concentrations of gallic acid. Gallic
acid was used to obtain the standard curve (linear
range 10-70 μg/mL with R2 = 0.9991). The concentra-
tions of phenolic compounds in all samples were ex-
pressed as micrograms of gallic acid equivalents per
gram dry weight [μg of GAE/gDW]. 

Measurements of TOS 
      The measurement is based on the principle that the
oxidants in the sample oxidize the ferrous ion-ortho-
dianicidine complex to ferric ion and the ferric ion
forms a blue-green complex with the chromogen in an
acidic environment [16]. The colour intensity of the
complex, which is proportional to the total amount of
oxidant present in the sample, is measured spectropho-
tometrically at 530 nm wavelength. Hydrogen perox-
ide (H2O2) solution is used as a standard in the
calibration of the method and the results are expressed
as µmol H2O2 equiv/L. The assay was carried out as

follows: 500 μl of Reagent 1 was mixed with 75 µl
ethanolic WKE and OD1 (optical density) values were
obtained at 530 nm 25 μL Reagent 2 was added to the
mixture. OD2 values were obtained at 530 nm after 5
min incubation at 37°C. The TOS value was calculated
by using the formula given in the kit prospectus. 

Measurements of TAS 
      The principle of the measurement is based on the
reduction of dark blue-green 2,2'-azinobis 3-ethyl ben-
zothiazoline-6-sulphonate radical to colourless ABTS
(2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid) form by the antioxidants in the sample [17]. The
degree of ABTS reduction, which depends on the
amount and capacity of antioxidants, is determined by
the change in absorbance caused by the colour differ-
ence at 660 nm wavelength in the spectrophotometer.
The method is calibrated with a stable antioxidant
standard solution called "Trolox", which is widely
used as a traditional standard for TAS measurement
assays. The assay results are expressed in mmol
Trolox equiv/L. 
      The assay was carried out as follows: 500 μl of
Reagent 1 was mixed with 30 µl ethanolic WKE and
OD1 values were obtained at 660 nm 75 μL Reagent
2 was added to the mixture. OD2 values were obtained
at 660 nm after 5 min incubation at 37°C. The TAS
value was calculated using the formula given in the kit
prospectus. 

Measurements of OSI 
      The percentage ratio of TOS to TAS gave the ox-
idative stress index (OSI), an indicator of the degree
of oxidative stress. In order to perform the calculation,
the unit of TAS, mmol Trolox equivalent/L, was
changed to µmol Trolox equivalent/L. The OSI value
was calculated according to the following formula
[17]: 
      OSI = [(TOS, µmol H2O2 equivalent/L) / (TAS,
µmol Trolox equivalent/L) × 100]

Determination of Antimicrobial Activity 
      Antimicrobial effects of ethanolic WKS extract
were tested using the agar well method [18]. Bacteria
was grown in Nutrient-Broth Agar (NBA) medium
which was kept at 37°C overnight. Suspensions were
prepared from these bacteria the next day according
to 0.5 McFarland (a final inoculum of 1.5 × 108
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CFU/mL) turbidity value. 100 µl of 0.5 McFarland
bacterial suspension prepared in turbidity was added
into 5 ml soft agar (0.5% agar) and poured onto the
Müller-Hinton Agar (MHA) medium prepared in petri
dishes. Wells were opened with the help of a 6 mm di-
ameter glass pipette on the media that were left to dry
for a while. Two wells were drilled in NBA medium
where microorganisms were spread. 25 µl of ethanolic
WKS extract was pipetted into one, while ethanol, the
solvent of the extraction process, was pipetted into the
other as a negative control. Ethanolic WKS extract and
pure ethanol were sterilized by passing them through
membrane filters with 0.22 μm pore diameter before
use. On the other hand, Tetracycline (30 mg), Peni-
cillin G (10 U), Sulbactam (10 mcg) + Ampicillin (10
mcg), Gentamicin (10 mcg), Rifampin (5 mcg), Te-
icoplanin (30 mcg), Ciprofloxacin (5 mcg),
Chloromphenical Sterile discs containing (30 mg)
were also carefully placed in MHA media and used as
positive control. Antimicrobial activity was deter-
mined by measuring the zone diameters formed after
24 hours of incubation at 35 oC. After the incubation
process, the inhibition zones were measured. The re-
sults were given as mean value of three independent
measurements. The antibacterial activity was meas-
ured in terms of the diameter (mm) of clear zone of
growth inhibition. The sensitivity was evaluated ac-
cording to the National Committee for Clinical Labo-
ratory Standards (NCCLS) [NCCLS, 1998] and the
antimicrobial activity of the WKS was evaluated. 

Statistical Analysis 
      All samples were analysed in triplicate (n = 3) and
the results were expressed as mean ± SD (Standard
Deviation). 

RESULTS
TPC
In this study, phenolic concentration in ethanolic ex-
tract of WKS was measured and TPC of WKS was

found as 119.42 ± 2.39 mg (GAE)/gDW. Experiments
are made in 3 parallels. 

Antioxidant Activity
      In this study, antioxidant, and oxidant potentials
of WKS has been determined and the oxidative stress
index, which demonstrates how much the available an-
tioxidant compounds can suppress the oxidant com-
pounds, has been calculated. It was found that endogen
antioxidant capacity produced by WKS was 7.542 ±
0.389 mmol/L, while oxidant compound  level that is
obtained due to environmental effects and metabolic
activities was determined to be 3.718 ± 0.287 µmol/L.
It was determined that the OSI, which shows the per-
centage of oxidant compounds that are tolerated by en-
dogen antioxidant compounds was 0.049 ± 0.001
(Table 1). In the antibiogram test E. coli and C. albi-
cans have been found to be resistant to the antibiotics;
Ampicillin/Sulbactam, Rifampin, and Penicillin, while
most effected by Ciprofloxacin and less effected by
Chloramphenicol. S. aereus, has been effected by all
antibiotics except Ampicillin/Sulbactam and has pro-
vided large inhibition diameters. B. subtilis; has shown
resistance to the antibiotics; Rifampin, Penicillin and
Teicoplanin, while most effected by Ciprofloxacin and
least effected by Ampicillin/Sulbactam (Fig. 1). So, it
has been demonstrated by the inhibition zone diame-
ters formed that the antibiotics are efficient against
many of the selected microorganisms. 

Antimicrobial Activity 
      In this study, the antimicrobial potential of WKS
has been investigated on two Gram-positive (S. au-
reus, B. subtilis), one Gram-negative (E. coli) bacteria,
and C. albicans, an opportunistic yeast that can be-
come pathogenic when our immune system is com-
promised. Ethanol, the extract solvent, was used as
negative control, while Tetracycline (30 mg), Peni-
cillin G (10 U), Sulbactam (10 mcg) + Ampicillin (10
mcg), Gentamicin (10 mcg), Rifampin (5 mcg), Te-
icoplanin (30 mcg), Ciprofloxacin (5 mcg), Chloram-

90   The European Research Journal   Volume 9   Issue 1   January 2023

!

!"#$%&'(&!)*+&!,*&"-.&,*/&0"$1%2!

! "#$!%&&'()*+! ",$!%-&'()*+! ,$.!

/0(123!45615(!75832&! "#$%&!'!%#())! *#+((!'!%#(**! %#%&"!'!%#%%"!

!"#$%&' "(%' )(%&%*+%,' "&'-%"*'.'/01'23)%(4-%*+&' "(%'-",%' 4*'5')"("##%#&1'67/'8'69+"#' "*+4934,"*+' &+"+$&:'6;/'8'69+"#'

934,"*+'&+"+$&:';/<'8';34,"+4=%'&+(%&&'4*,%3!

!



Eur Res J 2023;9(1):87-96 Özşahin Delibaş and Kıray

phenicol (30 mg) were used as positive control (Fig.
1). 
      In the antibiogram test E. coli and C. albicans
have been found to be resistant to the antibiotics;
Ampicillin/Sulbactam, Rifampin, and Penicillin, while
most effected by Ciprofloxacin and less effected by
Chloramphenicol. S. aereus, has been effected by all
antibiotics except Ampicillin/Sulbactam and has pro-
vided large inhibition diameters. B. subtilis; has shown
resistance to the antibiotics; Rifampin, Penicillin and
Teicoplanin, while most effected by Ciprofloxacin and
least effected by Ampicillin/Sulbactam (Fig. 1). So, it
has been demonstrated by the inhibition zone diame-
ters formed that the antibiotics are efficient against
many of the selected microorganisms.
      According to our findings, the results indicate that
WKS ethanolic extract had antimicrobial effects
against S. aereus (16 mm), B. subtilis (15 mm), and C.
albicans (14 mm) with varying extent, but did not
have any inhibitory effect on E. coli (12 mm) in terms
of antimicrobial activity. The diameter of inhibition
zone is shown in Table 2. 

DISCUSSION

Due to their strong antioxidant characteristics and sig-
nificant effects on preventing several diseases related
with oxidative stress, herbal polyphenols are increas-
ingly drawing attention. In the last few years, identi-
fication of phenolic compounds has been an important
field in the researches about health and medicine. Phe-
nolic compounds are the most found secondary
metabolites of plants and have a wide distribution
among plant tissues. Therefore, there are several stud-
ies in which different parts of plants are examined
[19]. 
      In a recent study by Hu et al. [20] in which phe-

nolic composition and nutritious characteristics of
WKS was investigated, TPC of WKS has been re-
ported as 73.66 ± 0.73 g/100 gDW. In another study
conducted by Liu et al. [21], polyphenol profile of
WKS was aimed to be identified and it was deter-
mined that there were 75 individual phenolic com-
pounds. Also, TPC of WKS has been expressed in
terms of 122.78 ± 2.55 mg GAE/gDW. In an experi-
mental study conducted by Ghiravani et al. [22] in
2016 on diabetic rats, polyphenol content of WKS
ethanol extract has been found as 21.64 ± 1.44 mg
GAE/gDW. 
      Also, Regueiro et al. [23] has reported mean total
polyphenol content of different walnut extracts as
2.464 ± 22 mg GAE/100 g and highlighted that the re-
sults have varied between 1.576 and 2.499 mg
GAE/100 g and this was consistent with other studies
[24, 25]. In a comprehensive review article by Jahan-
ban-Esfahalan et al. [26] , methanolic extract of wal-
nut leaves were compared with aqueous extract (27.92
± 1.40 mg); and it was stated that methanolic extract
has demonstrated the maximum polyphenol content
(94.39 ± 5.63 mg GAE/g extract). In another study
conducted by Akbari et al. [27], phenolic compounds
of different parts such as walnut hull, shell, pellicle
(brown skin), and kernel have been investigated. TPC
for hull, shell, skin and kernel were reported as fol-
lows, respectively: 24.68 ± 4.28mg GAE/g, 18.04 ±
4.20 mg GAE/g, 52.05 ± 1.27 mg GAE/g and 1.45 ±
0.12 mg GAE/g. In another study conducted by
Popovici [28], ethanol extracts of walnut leaves, shell
and WKS were investigated in respect of their total
phenol content. In that article, total phenol content of
WKS has been found significantly more than that of
both leaves and shell extracts. Solvent extractions are
the most convenient procedures to prepare extracts of
plant materials due to their ease of use, efficiency, and
large applicability. However, many methods such as
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microwave, ultrasound supported extractions have
been developed in recent years. Rusu et al. [29] have
found total phenol content of WKS as 67.03 ± 9.76 mg
GAE/gDW by Ultra-Turrax extraction method and
31.27 ± 5.24 mg GAE/gDW by maceration method.
Taken together, different extraction methods, different
types and parts of plants, use of different solvents have
made it more difficult to compare the results of these
studies; however, it can be easily distinguished that
WKS is a rich source of phenolic compounds and yet,
it has more phenolic content than other different parts
of walnut. 
      It is reported that oxidative stress is related with
development of many metabolic and chronical disor-
ders. Within this context, antioxidants are referred as
valuable molecules as they prevent the damage due to
oxidative stress in defense mechanisms [30]. It is also
reported that in case of antioxidant insufficiency, ex-
ogen antioxidant supplement (food/preparation) for
the organism can also prevent formation of oxidative
stress [31]. Therefore, it is especially important to
evaluate antioxidants present in biological materials
and food in respect of quantity and activity. Kusano
and Ferrari [32] have not only highlighted that TAS
measurement can be a reliable biomarker which can
be used in diagnosis and prognosis of several patho-
physiological conditions, but also have stated that to
prevent initiation and development of diseases, to ex-
ecute nutritional interventions including anti-aging
strategies, it can also be used in determination of an-
tioxidant-rich food. 
      The exploration of new antioxidant sources in na-
ture can be possible by determining the antioxidant ca-
pacity of different parts of plants. Yet, these parts of
plants might have significant medical potential even

if they do not have nutritional features [33]. Currently,
many total antioxidant capacity tests such as FRAP
(Ferric Reducing-Antioxidant Power) [34], ORAC
(Oxygen Radical Absorbance Capacity) [35], TEAC
(Trolox Equivalent Antioxidant Capacity) [36] are
widely used in the analysis of biological tissues and/or
food materials [32]. In this study, a different automated
method was used which directly measures the total an-
tioxidant capacity colorimetrically, which is far less
affected by the presence of uric acid, as reported by
Erel et al. [17]. The most important advantage of this
method is that it has not measured only a single com-
pound's antioxidant capacity, but it has measured the
total antioxidant capacity of all antioxidants in the bi-
ological sample [37]. So, known or unknown, any type
of antioxidant interactions including possible additive
effects have been evaluated as a whole. 
      No reference values could have been found as
there were not found any study in literature which de-
termines the antioxidant potential of WKS by the
method we use. However, with the method reported
by Erel, by different studies conducted on different
plant types, TAS; TOS; OSI values of Thymbra spi-
cata [38], Gundelia tournefortii [39], Rumex crispus
[40] have been reported as 8.399, 6.831, 6.758; 6.530,
3.712, 5.802; 0.078, 0.054, and 0.086, respectively.
When compared with these studies, TAS value of
WKS was higher than that of G. tournefortii and R.
crispus, and lower than that of T. spicata, which have
been evaluated as having antioxidant properties. It is
considered that these differences are due to the poten-
tial of the plants to produce compounds with antioxi-
dant characteristics. In this regard, it can be said that
WKS has a significant antioxidant potential. 
      In a review study where different extracts of dif-

92   The European Research Journal   Volume 9   Issue 1   January 2023

!

!"#$%&3(&)-45#"64%75"$&"-.&"-4581-9"$&"645054:&;8&<=*!

9501!

:1;:<:3:'1!

='15!

%&&+>!

9:?6''6@01:7&7! A'7:3:B5!?'136'(! C5@03:B5!

?'136'(!

!

! ! $#9! D! E.F! ADC! "G"! "GD! H9! DAFI! G3;01'(! /J$!

! "#!$%&'()($!**++! ,,! --! .! .! ,"! .! ,*! ($! ,-! ,+!

! ,#!-./.%$!0102+! .! -(! -&! ,+! -%! ,$! ,&! -+! ,-! ,*!

! 3#!45)(!06100! .! ,)! .! .! ,&! ,+! ,&! -*! ,-! ,-!

! 7#!-)&(4-8$!1990:! .! --! .! .! ,"! .! ,)! -"! ,-! ,$!

><*?4@4+49*'A9*%' 4*B#$,4*C'D%##',4"-%+%(' EF'--G1'/7H'8'7-)4B4##4*I&$#@"B+"-:'J'8'J?#9("-)?%*4B9#:'K<L'8'K4M"-)4*:'

NJO'8'N%*4B4##4*:'626'8'6%+("BPB#4*%:'62J'8'6%4B9)#"*4*:'QH'8'Q%*+"-4B4*:'JNLR'8'J4)(9M#93"B4*'K'8'K%&4&+"*+!

'



Eur Res J 2023;9(1):87-96 Özşahin Delibaş and Kıray

ferent walnut parts such as kernel, skin, shell, husk
have been examined comparatively in respect of an-
tioxidant features, results obtained by DPPH (2.2.-
Diphenyl-1-picrihydrazile), FRAP and ORAC
methods have been reported [26]. In another study in
which antioxidant activity of walnut male flowers was
investigated, IC50 values were reported for DPPH and
ABTS as 75.17 ± 4.43 μg/ml and 63.40 ± 5.73 μg/ml,
respectively, while FRAP value was reported as 54.35
± 3.12 μmol/L FeSO4/mg ethanolic extract [41]. It is
understood that different parts of walnut might have
different antioxidant potentials. 
      The only study that has been found in literature
about the antioxidant activity of WKS has been the
study of Rusu et al. in which ABTS, DPPH and FRAP
methods were used. According to this study, antioxi-
dant activity was reported as 174,28 ± 8,22 mg trolox
equivalent (TE)/g DW WKS by ABTS method, while
255,89 and 400,97 mg TE/g WKS extract by DPPH
and FRAP methods; WKS was evaluated as having
good antiradical effects [29]. 
      Wang et al. [42] have reported that WKS has
formed anti-inflammatory activity by inhibiting nitric
oxide production and claimed that this activity has
been due to the presence of gallic acid, ethyl gallate
and (+)-dehydrovomifoliol. Meng et al. [43] have also
reported that semi-maximal inhibitor concentration of
WKS extract (IC50) has been 1.06 mg/mL, and this
was far less than that is for polysaccharide obtained
from potato peel (11.57 mg/mL) and more than that of
ascorbic acid (0.077 mg/mL). 
      Although it is not possible to compare these values
as antioxidant activity is expressed in different ways,
different methods are applied and results are given in
different units, in general all of them has demonstrated
that WKS has high antioxidant activity. It is claimed
that highly phenolic compounds can be responsible
from high antioxidant activity of WKS [44]. 
      Pharmacological agents already in use modulate
oxidative stress [45]. WKS is also considered to have
high antioxidant potential and can be recommended
as a natural antioxidant agent. 
      Nowadays, the emergence of antibiotic-resistant
strains and the presence of various side effects are
problems to be solved in the fight against infectious
diseases. Limited options for preventing or treating
bacterial/fungal infections have led medical science to

nature, to discover new and different antimicrobial
agents [46]. 
      In this study the results indicate that fungal/bacte-
rial species have different sensitivities towards WKS
extract. It can be said that WKS is more effective on
gram (+) bacteria compared to gram (-) bacteria. There
are other studies which have reported that plant ex-
tracts are more effective on gram (+) bacteria [47]. It
is claimed that this is caused by the lipopolysaccharide
layer outside the cell wall of gram (-) bacteria which
makes them more resistant [48]. 
      Many numbers of herbal extracts with antimicro-
bial characteristics have been reported [49]. But, there
are limited number of studies whose subject area is an-
timicrobial characteristics of WKS. Similar to our
study, in a recent study, it was reported that WKS has
shown varying degrees of antibacterial effects on
Gram-positive bacteria (S. aureus, Staphylococcus
epidermidis, Enterecoccus faecalis and Enterecoccus
faecium) (with MIC (minimum inhibitory concentra-
tion) ranging from 8.59 to 275 µg/ml); while Gram-
negative (E. coli, Klepsiella pneumoniae,
Pseudomonas aeruginosa and Proteus mirabilis)
strains have shown very low sensitivity (with MIC
values of 275 μg/ml). In the same study in which an-
timicrobial activity of WKS has been determined by
using Ciprofloxacin which is a wide-spectrum antibi-
otic, it was also reported that administration of WKS
in highest doses (275 ug/ml) have affected the growth
of Gram-positive and Gram-negative bacteria strains
most of which are resistant to Ciprofloxacin [50]. In
another study conducted by Rusu et al. [51], it was re-
ported that WKS has shown MIC (minimum inhibition
concentration) levels between 0.012-3.12 mg/mL;
WKS antimicrobial activity was measured against
Gram-positive (S. aureus) and Gram-negative (E. coli,
P. aeruginosa, Salmonella enteritidis) bacteria and two
fungi (C. albicans and C. parapsilosis), and the lowest
effect was found against E. coli. Different than our
study, in two experimental studies conducted by Meng
et al. [43], the water soluble polysaccharide fraction
isolated from WKS has been found to show significant
antibacterial activity against two Gram-negative bac-
teria strains (E. coli and P. aeruginosa) and also
against two Gram-positive strains (S. aureus and Lis-
teria monocytogenes) depending on the dosage (0.2-
1.2 mg/mL). 
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      The results presented above clearly prove that this
part of the plant is a promising source of new antimi-
crobial agents.

Limitations 
      This study was carried out on crude WKS extract.
The elucidation of metabolic pathways, metabolic reg-
ulations, or the biosynthesis and roles of macromole-
cules are still in obscurity. More in-depth studies are
needed in the future to clarify the molecular mecha-
nisms responsible for the antioxidant and antimicro-
bial effect of WKS. 

CONCLUSION

In our study, it was aimed to get more information
about WKS which is a by-product with a limited use
at present. In sum, the results from our study showed
that WKS has a high phenolic content, and remarkable
antioxidant and antimicrobial activity. Nevertheless,
clinical studies are also required in order to investigate
other possible pharmacological activities, safety, and
efficacy of WKS.
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