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Abstract: We report in this work the antifungal and antioxydant activities of Juglans regia L. natural and treated
barks on several vaginal Candida isolates and Candida type strains. Water, methanol, ethyl acetate and diluted
acetone extracts of natural and colored J. regia barks were screened for in vitro activity against vaginal Candida
strains. These plants were selected due to their traditional use for the treatment of fungal infections. Plant
preparations were screened for antifungal activity using a standard agar disc diffusion assay. Following study of the
antifungal activity of plant extracts, their minimal inhibitory concentration (MIC) and minimal fungicidal
concentration (MFC) values were determined using broth microdilution assay. Several antioxydant properties of this
plant were tested such as total phenolic content and determination of reducing power. Among the four J. regia L.
extracts (for natural and colored bark), methanolic extract of natural bark had the best antifungal activity against all
vaginal Candida strains. The most important MICs and MFCs values of the methanol extract were obtained for the
majority of the vaginal Candida isolates (MIC = 0.012 mg/ ml and MFC = 0.024 mg/ml) as compared to
amphotericin B (MIC = 0.097 mg / ml and MFC: 0.78 mg/ml). This study reveals that the antioxidant activity of
“Swak” extract was more important for natural bark than the treated bark. This plant can contain compounds with
therapeutic potential against vaginal Candida strains and, hence, their possible use as therapeutic agents.
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1. Introduction: which could act on these fungi (Lachoria, 1999). In

Candida strains are opportunistic pathogens fact, medicinal plants have been used for several years
associated with local and systemic infections in in developing countries as alternative treatments to
predisposed persons (Chong, 2007). The development health problems. Many plant extracts and essential oils
of Candida vaginitis involves some breakdown of a isolated from plants have been shown to exert
balance between an aggressive fungal traits and host biological activity, which develop a new research
active immune surveillance that allows Candida opportunity and characterization of antifungal activity

growth and mucosal colonization (Amouri et al., 2010). of these plants (Chaieb, 2007; Clark, 1990; Darout,
It is now thought that women who experience recurrent 2000; Hajlaoui, 2008; Runyoro, 2006).

vulvovaginal Candida do so because of persistent The Juglans genus (family Juglandaceae)
infection, rather than re-infection. The aim of treatment comprises several species and is widely distributed
in this situation is therefore to avoid the overgrowth of throughout the world. J. regia L., or walnut, constitutes
Candida that leads to symptoms, rather than an important species of trees. Walnut leaves are
necessarily being able to achieve complete eradication considered to be a source of healthcare compounds,
or cure. and have been intensively used in traditional medicine

The difficulties associated with the management for the treatment of venous insufficiency and for its
of Candida infections necessitate the discovery of new antidiarrheic properties (Bruneton, 1993; Darout, 2000;

antifungal agents in order to widen the spectrum of Hajlaoui, 2008; Okemo, 2001; Runyoro, 2006).
activity against Candida. Plant-derived natural Antifungal activity of this plant has also been described
products may offer potential leads to new compounds (Girzu, 1998; Noumi et al., 2010; Valnet, 1992). Some
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studies have demonstrated the antimicrobial activity of
walnut products, particularly of bark and the specific
compound juglone (Alkhawajah,1997; Amaral et al.,
2005). In Tunisia, this tree is widely known as the
"Swak" tree and its fresh leaves and dried bark used are
by women to clean the teeth and to maintain a good
oral hygiene. The bark of this tree are collected and
treated with yellow dye and dried before use (Noumi et
al., 2010). In fact, walnut leaves are considered a
source of healthcare compounds, and have been
intensively used in traditional medicine to treat venous
insufficiency and due to its antidiarrheic, antifungal,
antibacterial and antioxidant properties (Amaral et al.,
2003; Miraliakbari and Shahidi, 2008; Pereira, 2007).
These benefits are usually attributed to the
presence of essential fatty acids and tocopherols and
especially linoleic, oleic, linolenic, palmitic, and stearic
acids Juglone (Amaral et al., 2003) (5-Hydroxy 1,4
naphtoquinone) is one of the most important
flavonoides of walnuts green husk (Amaral et al.,
2003). Walnut leaf and shell have some medicinal
effects, as walnut green husk has antioxidant (Pereira,
2007), antifungal (Noumi et al., 2010) astringent, wart
liquidator effects and uses for skin diseases and anemia
cures. In addition, walnuts have other components that

A
Figure 1. Plant material: Juglans regia L. (A): natural bark; (B): colored bark.

2.2. Plant extracts

The extraction of the various components from
(natural and colored J. regia bark) was made with four
different solvents: water, diluted acetone, ethyl acetate,
and methanol. The extracts were prepared by adding 10
g of small-particles of plant material to 100 ml of
solvent. The mixtures were kept overnight at room
temperature, after which the supernatants were filtered.
The solvent was removed under reduced pressure
below 45°C to give a crude extract. The crude extract
was further dried in a vacuum dessicator over
anhydrous copper sulfate to give a dry solid of the
extract for bioassay.
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may be beneficial for health including plant protein,
dietary fiber, melatonin (Reiter, 2005), plant sterols
(Amaral et al., 2005), folate, tannins, and polyphenols.
Plant derived products can also be wused as
antimicrobial agents, with phenolics and polyphenolic
having major interest.

Despite the wide use of J. regia L. (walnut) and
especially the bark and the leaves in Tunisia, this plant
has not received much attention and have not been
intensively studied. Therefore, the present work is the
first study with aims to evaluate the antifungal and
antioxidant properties of natural and colored J. regia
barks against vaginal Candida strains.

2. Materials and methods
2.1. Plant material

The root bark's of Tunisian J. regia L. was tested
for its antifungal activity against vaginal Candida
strains. The plant material was purchased from a local
supermarket from the region of Menzel Bouzalfa,
Nabeul (Tunisia). Harvesting was carried out in
December 2010. Two types of bark were tested: natural
untreated bark and treated bark with a food yellow dye
that also was tested for its anti-Candida activity (Figure

).

2.3. Fungal isolates

A total of 34 Candida strains including four
species (C. albicans, C. glabrata, C. parapsilosis, C.
krusei and C. parapsilosis) were used in this study.
Twenty eight vaginal Candida strains were collected
from the vaginal cavity by using a swabbing method. A
sterile cotton swab (Nippon Menbo, Tokyo, Japan) was
immediately cultured on Sabouraud chloramphenicol
agar (Bio-rad, France) and on chromogenic medium
Candida 1D2 for 24 to 48 h at 35°C.

Five type strains (C. albicans SC 5314, C.
albicans ATCC 90028, C. glabrata ATCC 90030, C.
parapsilosis ATCC 22019 and C. krusei ATCC 6258)
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and one C. krusei strain (code "Roma") from Italy were
also tested.

2.4. Antifungal activity

2.4.1. Disc diffusion method

The anti-Candida spp. activity was achieved by
the agar—well diffusion method. All Candida strains
were inoculated onto Sabouraud dextrose agar and
incubated for 18 h at 37°C. The yeast cultures were
harvested and then suspended in sterile saline (0.8%
NaCl) and the cell density was adjusted to 10 cells/ml
(OD540nm: 05)

For the antifungal activity of the plant extracts
used in this study, three sterile 6-mm paper discs
(Whatman paper no. 3), impregnated with 30 mg of
extract (10 pl/disc) at a final concentration of 300
mg/ml were placed on the inoculated surface. The
plates were then incubated at 37°C for 18-24 h. The
ATCC strains were used as quality control strains. The
diameter of the zones of inhibition around each disc
were examined after 24 h, measured and recorded as
the mean diameter (mm) of complete growth inhibition.
As a positive control, 10 pg of amphotericin B
(Fungizone, BioBasic, Inc., Toronto, Canada) was
used. Tests were done in triplicate and the results are
given as the mean average.

2.4.2. Microdilution method for the determination
of minimal inhibition concentration (MIC) and
minimal fungicidal concentration (MFC) values

Minimal inhibitory concentration (MIC) and
minimal fungicidal concentration (MFC) values were
determined for all Candida strains. The fungi strains
inocula were prepared from 12 h broth cultures and
suspensions and were adjusted to 0.5 McFarland
standard turbidity. Each extract was dissolved in 10%
dimethyl sulfoxide (DMSO) and subjected to a series
of dilutions from an initial concentration. The 96 well
plates were prepared by dispensing into each well 95 pl
of fresh Sabouraud dextrose broth and 5 pl of Candida
inoculum. J. regia barks extracts (100 pl) were added
into wells. The last well containing 195 pl of nutrient
broth without extracts and 5 pl of the inoculum on each
strip was used as negative control. The final volume in
each well is 200 pl. The plates were incubated at 37°C
for 18 to 24 h and after incubation at 37°C for 24 h, the
plates were passed to the visual reading of MIC and
MFC. The MIC was defined as the lowest
concentration of the compounds to inhibit the growth
of the fungi. The MFC values were interpreted as the
highest concentration of the sample which showed
clear fluid with no development of turbidity and
without visible growth.

Amphotericin B (12.5-0.003 mg/ml) was used as
a positive control. All of the experiments were
conducted in ftriplicate and average values were
calculated using the SPSS v13.0 statistical software
package for Windows.
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3. Antioxidant properties
3.1. Evaluation of total antioxidant capacity

The assay is based on the reduction of Mo (VI) to
Mo (V) by the extract and subsequent formation of a
green phosphate/Mo (V) complex at acid pH according
to the protocol described by Prieto et al. (1999). An
aliquot (0.1 ml) of plant extract was combined to 1 ml
ofreagent solution (0.6 M sulfuric acid, 28 mM sodium
phosphate and 4 mM ammonium molybdate). The
tubes were incubated in a thermal block at 95° C for 90
min. After, the mixture had cooled to room
temperature; the absorbance of each solution was
measured at 695 nm (Anthelie Advanced 2,
SECOMAN) against a blank. The antioxidant capacity
was expressed as mg gallic acid equivalent per gram
dry weight (mg GAE/g DW). The calibration curve
range was 0-500 pg/ml. All samples were analyzed in
triplicate.
3.2. Total phenolic content

Phenolic content was assayed using the Folin-
Ciocalteu reagent, following Singleton’s method
slightly modified (Dewanto et al., 2002). An aliquot
(0.125 ml) of appropriately diluted sample extract was
added to 0.5 ml of distilled water and 0.125 ml of the
Folin-Ciocalteu reagent. After 3 min, 1.25 ml of
Na2CO3 solution (7g/100 ml) were added and the final
volume was made up to 3 ml with distilled water. The
absorbance was measured at 760 115 nm, after
incubation for 90 min at 23°C in dark. Total phenolic
content of leaves was expressed as mg gallic acid
equivalents per gram of dry weight (mg GAE.g-1 DW)
through the calibration curve with gallic acid. The
calibration curve range was 0-400 pg.ml-1. Triplicate
measurements were taken for all samples.
3.3. Total condensed tannins

Proanthocyanidins were measured using the
modified vanillin assay described by Sun et al
(1998).To 50 pl of suitably diluted sample were added
3 ml of methanol vanillin solution and 1.5 ml H,SO4
respectively. The mixture was allowed to stand for 15
min at room temperature, and the absorption was
measured at 500 nm against solvent as a blank. The
amount of total condensed tannins is expressed as mg
(+)-catechin g-1 DW.
3.4. Antioxidant activities
3.4.1. DPPH radical-scavenging activity

The antioxidant activity of different solvent
extracts was measured in term of hydrogen donating or
radical scavenging ability using the stable DPPH
method according to the method described by Hanato
et al. (1988). The sample was diluted in pure solvent of
extraction at different concentrations (10, 20, 100 and
200 pg.ml-1), then 1 ml of each diluted plant extract
was added to 0.25 ml of a 0.2 mmol/l DPPH.
methanolic solution. The mixture of different extract
concentration and DPPH were placed in the dark at
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room temperature for 30 min. The absorbance of the
resulting solution was then read at 517 nm. The
antiradical activity was expressed as IC50 (pg.ml-1).
The ability to scavenge the DPPH radical was
calculated using the following equation:

DPPH scavenging effect (%) = [(Ag-A1)/Ae]*100 (1)

Where A, is the absorbance of the control at 30
min, and Al is the absorbance of the sample at 30 min.
All samples were analyzed in triplicate.

3.4.2. Determination of reducing power

The ability of the extracts to reduce Fe3+ was
assayed by the method of Oyaizu (1986). Briefly, 1 ml
of S. persica extract was mixed with 2.5 ml of
phosphate buffer (0.2 mol/l, pH 6.6) and 2.5 ml of
K;Fe(CN)s (1g/100 ml). After incubation at 50 °C for
25 min, 2.5 ml of trichloroacetic acid (10g/100ml) was
added and the mixture was centrifuged at 650xg for 10
min. Finally, 2.5 ml of the upper layer was mixed with
2.5 ml of distilled water and 0.5 ml of aqueous FeCl;
(0.1g/100 ml). The absorbance was measured at 700
nm. The mean of absorbance values were plotted
against concentration and a linear regression analysis
was carried out. Increased absorbance of the reaction
mixture indicated increased reducing power. EC50
value (mg.ml-1) is the effective concentration at which
the absorbance was 0.5 for reducing power. Ascorbic
acid was used as positive control.

3.4.3. B-carotene-linoleic acid model system (f -
CLAMYS)

The B-CLAMS method by the peroxides
generated during the oxidation of linoleic acid at
elevated temperature (Koleva et al., 2002). In this study
the B -CLAMS was modified for the 96-well micro-
plate reader. In brief, the B-carotene was dissolved in 2
ml of CHCl;, to which 20 mg of linoleic acid and 200
mg of tween 40 were added. CHCI; was removed using
rotary evaporator. Oxygenated water (100 ml) was
added, and the flask was shaken vigorously until all
material dissolved. This test mixture was prepared
fresh and using immediately. To each well, 250 ul of
the reagent mixture and 35 pl sample or standard
solution were added. The plate was incubated at 45°C.
Readings were taken at 490 nm using visible/UV
microplate kinetics reader (EL x 808, Bio-Tek
instruments) All samples were prepared and analyzed
in triplicate.

4. Results

In this study, we tried to determine the
antioxydant activity of J. regia extracts and anti-
Candida of natural and colored J. regia bark extracts in
vitro by the disk diffusion method (Table 1) based on
the determination of inhibition on solid medium (agar
Sabouraud- Chloramphenicol) and determination of
MIC and MFC (Table 2) on liquid medium (Sabouraud
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broth). The results of the antifungal activity were
illustrated in Tables 1 and 2.

In the present study, the three extraction solvents
(methanol, ethyl acetate and diluted acetone) used for
J. regia L. were active against all Candida strains, but
their effectiveness varied between the strains. Aqueous
extract had no antifungal activity against all vaginal
Candida isolates and also against type strains. The
some result has been observed for the tested alimentary
yellow dye that showed the absence of anti-Candida
activity. Vaginal C. albicanswas the most sensitive
one. The zones of inhibition ranged from 7-12.33 mm
(diluted acetone extract) to 7.66—14 mm (methanol
extract) and from 9 to 18.66 mm for ethyl acetate
extracts.

The colored bark with yellow dye showed no
activity against vaginal Candida strains except
methanol extract that presented antifungal activity
against some strains (example: IZ = 11.66 mm for
vaginal C. albicans strain "24"). We noted that the
aqueous extract had no activity for natural and colored
bark and against all Candida isolates (e.g. IZ = 7 mm
for vaginal C. albicans strain "19") as shown in Figure
2 and table 1.

Vaginal C. tropicalis (strain 1) and C. krusei
(strain 3') were sensitive for all extracts (water,
methanol, ethyl acetate and diluted acetone) of natural
and colored J. regia barks. These results were
demonstrated by the diameter of inhibition zone on
solid medium (e.g IZ= 7 mm for vaginal C. tropicalis
strain with methanolic extract of natural J. regia bark
and IZ= 6 mm for vaginal C. krusei strain with
methanolic extract of colored J. regia bark).

According to the results obtained on solid
medium (disk diffusion method), we chose to
determine the MIC and MFC values to the most active
extract against the majority of Candida isolates: the
methanol extract of the J. regia natural bark by the
turbidity test. The most important of MICs and MFCs
values of methanol extract were obtained for almost of
vaginal Candida isolates (MIC = 0.012 mg/ ml and
MFC = 0.024 mg/ml) compared to amphotericin B
(MIC = 0.097 mg / ml and MFC: 0.78 mg/ml). All
these results were summarized in Table 2. Our study
showed that low concentrations of the methanol extract
of natural J. regia bark could partially (MIC) and
completely (MFC) inhibit growth of vaginal Candida
species (Table 2).

This is the first time that the antioxidant activities
and the identification of polyphenols in the natural and
treated bark of J. regia were evaluated. In fact, special
attention is accorded to nuts due to their regular
consumption and their benefits. In Tunisia, J. regia
barks were treated with a yellow dye and dried before
its use to clean the mouth.
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Table 1. Antifungal activity of aqueous, methanol, ethyl acetate, and diluted acetone extracts of natural and colored
Juglans regia L. barks

Inhibition zone as diameter in mm (mean + SD) around the discs impregnated with 10pl (300pg/ disc) of plant extract and antifungal dru;
Strains Natural bark Colored bark C AmB
1 2 [ 3 [ 4 1 [ 2 [ 3 [4 ] @30mg/ml) | | (10 pg/ml)
C. albicans
ATCC 1240 10£0 9.33+£0.57 7+0 7+0 9+0 10£0 6+0 7+0 7+0
90028
3 11.66+0.57 10£0 10£0 7+0 7+0 11£0 8+0 6+0 7+0 8.66+0.57
4 11£0 10.66+0.57 1240 7+0 8+0 9+0 8.66+0.57 7+0 9+0 11£0
6 12.66+0.57 11£0 12.3340.57 8+0 8+0 10.33+0.57 11.33+0.57 6+0 7+0 9+0
7 11.33+0.57 10.33+0.57 11.33+0.57 7+0 8+0 10.66+0.57 10.33+0.57 6+0 7+0 8+0
10 8+0 9+0 11£0 6+0 7+0 10+0 8.33+0.57 6+0 6+0 1240
14 11+1 8+0 9+0 7+0 7+0 8+0 8+0 6+0 6+0 8+0
15 12.3340.57 10.33+0.57 11£0 6+0 7+0 9+0 11.33+0.57 6+0 6+0 7+0
16 1240 10+0 13+0 7+0 8+0 9+0 10.66+0.57 7+0 7+0 740
18 13.66+0.57 11£0 11.33+0.57 7+0 8+0 11£0 10.66+0.57 6+0 8+0 9.33+£0.57
19 8+0 8+0 8+0 7+0 6+0 740 9.33+£0.57 7+0 7+0 8+0
20 12.66+£1.15 10£0 1240 7+0 7+0 10£0 10£0 6+0 7+0 7+0
22 12.66+0.57 1240 10.33+0.57 7+0 10+0 10£0 8.33+0.57 6+0 7+0 8+0
23 10.66+0.57 9.33+£0.57 10+0 6+0 7+0 8+0 11.66+0.57 6+0 6+0 8+0
24 11+1 9.33+£0.57 12.66+0.57 6+0 7+0 8.66+0 11.66+0.57 7+0 6+0 8+0
SC 5314 9.66+0.57 9+0 10.66£1.15 7+0 8+0 9+0 8.66+0.57 6+0 6+0 7.33£0.57
C. glabrata
ATCC
90030 14+0 7£0 9+0 7+0 7+0 7+0 9+0 6+0 6+0 7+0
2 8+0 9.66+0.57 1240 7+0 7+0 7+0 10+0 7+0 7+0 11£0
5 8+0 7+0 8.33+0.57 7+0 8+0 7+0 7.66+0.57 7+0 7+0 9+0
8 14.33+0.57 10£0 11.66+0.57 9.66+0.57 9+0 10£0 11.33£0.57 6+0 7+0 9.66+0.57
9 11.66+0.57 1240 9.33£1.15 1240 10£0 9+0 11.33+0.57 7+0 7+0 10£0
11 8+0 7+0 8+0 7+0 7+0 740 8+0 6+0 6+0 7+0
12 8.33+0.57 8+0 11.66+0.57 7+0 7+0 7+0 9+0 7+0 7+0 10£0
13 8.33+0,57 8+0 9+0 7+0 7+0 9+0 8+0 6+0 6+0 9+0
14 9,66+0.57 7+0 9+0 7+0 7+0 7+0 8+0 6+0 7+0 9+0
15’ 8+0 10.66+0.57 11£0 7+0 7+0 7+0 9+0 7+0 7+0 9+0
17 14.66+0.57 1240 13.66+0.57 8+0 9.33+£0.57 11.66+0.57 11.33+0.57 6+0 7+0 9.66+0.57
21 12.33+0.57 11£0 1240 7+0 7+0 10.33+0.57 9.66+0.57 6+0 8.66+0.57 8+0
25 8+0 8+0 8+0 8+0 7+0 8+0 7+0 8+0 7+0 6+0
C. parapsilosis
ATCC
22019 12.66+0.57 8+0 9.66+0.57 6+0 7+0 7+0 8.66+0.57 6+0 7.33+£0.57 8+0
C.
tropicalis
1 7+0 1120 7+0 6+0 [ [ 70 90 833:0.57 [ 6x0 [ [ 60 IEE
C. krusei
3 10.33+0.57 8+0 12.3340.57 7+0 8+0 8+0 10£0 6+0 7+0 7+0
?;;;C 11.33+0.57 9+0 9+0 7+0 9+0 9.66+0.57 9.33+£0.57 7+0 6+0 7+0
Roma 11.3340.57 9+0 18.33+0.57 6+0 7+0 7+0 8+0 6+0 7+0 740

1: ethyl acetate extract; 2: diluted acetone extract; 3: methanol extract; 4: water extract; C : yellow dye; AmB: amphotericin B.

Figure 2. Antifungal activity of J. regia bark extracts against Candida strains. 1: methanol extract; 2: acetone 80; 3: ethyl acetate extract;
4: water extract; C: yellow dye; AmB: Amphotericin B; figures with (') are the different extracts from the colored bark.
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Table 2. MIC and MFC values of J. regia L. natural bark methanolic extract tested against vaginal Candida strains.

trains J. regia L. natural bark methanolic extract (mg/ml) Amphotericin B (mg/ml)
MIC MFC MIC MFC
C. albicans
ATCC 90028 0.0122 0.048 0,097 1.562
3 0.0122 0.195 0,195 3.125
4 0.0122 0.097 0.097 0.39
6 0.0122 0.097 0.097 0.78
7 0.0122 0.097 0.097 0.78
10 0.0122 0.024 0.097 1.562
14 0.0122 0.195 0.097 0.78
15 0.0122 0.097 0.097 0.39
16 0.0122 0.097 0.097 0.78
18 0.0122 0.195 0.097 0.78
19 0.0122 0.097 0.097 0.39
20 0.0122 0.195 0.097 0.78
22 0.0122 0.097 0.097 0.39
23 0.0122 0.097 0.097 0.78
24 0.0122 0.097 0.097 0.78
SC 5314 0.0122 0.097 0.097 0.78
C. glabrata
ATCC 90030 0.0122 0.048 0.097 0.78
2 0,024 0.048 0.195 1.562
5 0.0122 0.097 0.097 0.78
8 0.0122 0.097 0.39 1.562
9 0.0122 0.097 0.097 1.562
11 0.0122 0.097 0.097 0.78
12 0.0122 0.048 0.097 1.562
13 0.0122 0.195 0.097 1.562
14’ 0.0122 0.195 0.195 3.125
15° 0.0122 0.097 0.097 0.78
17 0.0122 0.048 0.097 0.39
21 0.0122 0.39 0.097 0.78
25 0.0122 0.048 0.195 1.562
C. parapsilosis
ATCC 22019 0.0122 0.097 0.39 0.78
C. tropicalis
1 0.0122 0.097 0.097 0.78
C. krusei
3 0.0122 0.097 0.097 0.78
ATCC 6258 0.0122 0.097 0.097 0.78
Roma 0.0122 0.097 0.195 1.562
MIC: Minimal inhibitrice concentration; MFC: Minimal fungicidal concentration.
Table 3. Antioxidant activities of extracts of J. regia natural and treated barks.
- e Untreated barks Colored barks
Antioxidant activities 1 2 3 2 1 2 3 2 C BHT
TAA: (mg GAE.g" DW) 194.66 420.66 334 173.33 160 370 254 372.66 342.66 -
Total Polyphenols: (mg 138.5 311.5 172.5 182 197 247.5 160.5 249.5 - -
GAE.g"' DW)
Tannins : (mg EC.g" 16 38.5 11.03 7.86 36 34.33 15.16 15.16 - -
DW)
DPPH: ICs, (ug.mI™) 36 4.8 13.6 14 112 58 144 11 - 1.5
B- carotenes: ICs 1105.3 790 730 3800 600 470 1150 620 - 75
(ng.mI')
RP: ECs (ug.ml”) 700 220 560 913.8 600 230 590 320 - 75

TAA: Total Antioxidant Activity is expressed as mg gallic acid equivalents per gram of dry weight; Total Polyphenols is expressed as mg
gallic acid equivalents per gram of dry weight; Tannins is expressed as mg (+)-catechin/g DW; DPPH radical-scavenging activity is expressed

as ICso values (pg/ml); B-Carotens bleaching test is expressed as IC50 values (nug.ml-1); RP: reducing power was expressed as ECs, values

(ug/ml). 1: ethyl acetate extract; 2: diluted acetone extract; 3: methanol extract; 4: water extract; C: yellow dye.
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The results of the antioxidant properties of J.
regia barks were summarized in table 3. The study
reveals that the antioxidant activity of “Swak” extract
was more important for natural bark than treated bark
and for the majority of activities. In fact, the TAA was
194.66 mg GAE.g-' DW for natural J. regia bark and
only 160 mg GAE.g-' DW for treated bark and the total
phenolic content was 33,833 mg GAE.g-1 DW.
Similarly, B- carotenes of ethyl acetate extract was
estimated at ICso= 1105.3 ug.ml'l for natural bark and
only 600 pg.ml” for colored bark. For the methanolic
extract, all the antioxydant activities tested (TAA, total
polyphenols, tannins, DPPH, B- carotenes and RP)
were more important for treated bark than natural bark
(Table 3). Indeed, the concentration of - carotenes was
estimated at ICs5;= 1150 pg.ml'1 for treated bark and
only 730 pgml’ for colored bark. TAA, total
polyphenols, tannins and DPPH activities were more
important for treated J. regia bark for the four solvent.
In the other side, the antioxidant activity measured by
the bleaching of P-carotenes and the reducing power
assay showed important results for natural plant. The
total antioxydant activity (TAA) of the alimentary
yellow dye was 342.66 mg GAE.g-' DW and important
than those of both natural and colored barks. Our
results showed that the values of DPPH, B-carotenes
and RP were about ICso=11.5 ug.ml'l, 1C5o= 75 ]ytg.ml'1
and ECs= 75 pg. ml'respectively for the standard
BHT and less important than the plant extracts as
shown in table 3.

In conclusion for these antioxydant activities, the
TAA was more important for diluted acetone natural
bark extract (420.66 mg GAE.g-' DW), also for total
polyphenol (311.5 mg GAE.g-' DW) and tannins (38.5
mg EC.g' DW). Whereas, the antioxidant activity
measured by the bleaching of B-carotenes and DPPH
assay showed important results for in ethyl acetate
natural bark (IC50= 11.05 pg.ml™” and IC50= 36 ug.ml
"respectively). For the last tested antioxydant activity
(the RP), the EC50 was maximum for natural bark
aqueous extract and equal to 913.8 ug.ml™.

5. Discussion

The activity of plant extracts against bacteria has
been studied for many years. In this idea, several
Chinese, African, and Asian plant extracts have been
evaluated for their antimicrobial and antifungal
activities (Al Bagieh, 1997). The present study was
conducted for the first time in order to investigate the
antifungal and antioxydant activities of natural and
treated J. regia L. barks extracts against vaginal
Candida isolates.

Our study showed that the three extraction
solvents (except water) of J. regia L. were active
against all Candida strains, but their effectiveness
varied. Methanolic extract of natural bark was the more
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effective extraction solvent and C. albicans was the
most  sensitive  species. Some studies have
demonstrated the antimicrobial activity of walnut
products, particularly of bark (Alkhawajah, 1997), and
the specific compound juglone (Amaral et al., 2005).
Pereira et al. (2007) proved that the bark of walnut
were not active on C. albicans strains. This plant was
well characterized for its antioxidant activities but not
for its antifungal properties, especially against Candida
species. The results of the present work, and for its
inexpensive cost, show that the use of J. regia L. can
help developing countries limit oral infections,
especially oral candidiasis.

In fact, walnut leaves are considered a source of
healthcare compounds, and have been intensively used
in traditional medicine to treat venous insufficiency
and due to its antidiarrheic, antifungal, antibacterial
and antioxidant properties (Amaral et al., 2003). These
benefits are usually attributed to the presence of
essential fatty acids and tocopherols and especially
linoleic, oleic, linolenic, palmitic, and stearic acids
(Amaral et al, 2008). Juglone (5-Hydroxy
1,4naphtoquinone) is one of the most important
flavonoides of walnuts green husk (Cosmulescu et al.,
2009; Jaimand et al., 2004). Walnut leaf and shell have
some medicinal effects, as walnut green husk has
antioxidant (Pereira, 2007), antifungal (Noumi et al.,
2010), astringent, wart liquidator effects and uses for
skin diseases and anemia cures. In addition, walnuts
have other components that may be beneficial for
health including plant protein, dietary fiber, melatonin
(Reiter, 2005), plant sterols (Amaral et al., 2005),
folate, tannins, and polyphenols. Plant derived products
can also be used as antimicrobial agents, with
phenolics and polyphenolic having major interest.

And, additionally to the known molecules with
benefic interest for Human health described in the
different organs of J. regia tree, the identified
polyphenols in the present work contribute to highlight
and reinforce the large scale of biological properties of
this plant and therefore suggested that J. regia can be
used as an inexpensive and easily accessible source of
effective natural antioxidants and chemo-preventive
agents.

Indeed, we have demonstrated in a last work
(Noumi et al, 2012) that the extract of “Swak”
contains 24 compounds which the percentage varies
from 1.37 to 15.02% among them there are: caffeic
acid (15,02%), rutin trihydrate (12.71%), syringic acid
(3.44%), gallic acid (2.58%) and 55 compounds with a
percentage varying from 0,02 to 0,93% among them
there are: chlorogenic acid (0.8%), resorcinol (0.78%),
vanillic acid (0.77%), naphtho-resorcinol (0.68%),
quercetin dihydrate (0.57%), p-coumaric acid (0.56%),
trans-cinnamic acid (0.53%) and catechine hydrae
(0.18%). Our results showed the presence of several
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compounds with known antioxidant properties and we
noted that caffeic acid, rutin trihydrate, syringic acid
and gallic acids were the predominant compounds. In
fact, walnuts contain several phenolic compounds
which are thought to contribute to their biological
activities (Table 4). The identified polyphenols and
flavonoids possess anti-inflammatory, antimutagenic,
anticancer, antioxidant, anti-bacterial, anti-viral (an
important anti-HIV capacity), anti-allergic,

antihypertensive, anti-arthritic and many other
biological activities. The tannins (such as condensed
tannins) have various therapeutic effects through their
antibacterial,  antiviral, anti-carcinogenic,  anti-
inflammatory and anti-allergic (Table 4). In fact, no
study was found to report the antioxidant activities of
the treated J. regia bark either in Tunisia or from the
rest of the world.

Table 4. Review of the chemical composition and the biological activities of natural J. regia bark.

Organ Chemical composition/References Biological activities/References
*Tannins, polyphenols and flavonoids (Alkhawajah 1997). Antibacterial activities (Alkhawajah
*Polyphenols in the treated bark: caffeic acid, rutint rihydrate, syringic | 1997).
Bark acid, gallic acid, chlorogenic acid, resorcinol, vanillic acid, naphtho- | Antifungal activities (Noumi et al.,
resorcinol, quercetin dihydrate, p-coumaric acid, trans-cinnamic acid | 2010)
and catechine hydrae (This study). Antioxidant activities (This study)

6. Conclusion

In conclusion, the results of this study represent
the first comparison between biological properties of
natural and treated Tunisian J. regia bark. Methanolic
extract of natural walnut possess high anti vaginal
Candida strains. This study reveals that the antioxidant
activity of “Swak” extract was more important for
natural bark than treated bark and for the majority of
activities correlated with a high concentration of
tannins and polyphenols. These results suggested that
J. regiacan be used as an inexpensive and easily
accessible source of effective natural antifungal and
antioxidant agent. Our study demonstrated that J. regia
can also be used to treat vaginal candidiasis.
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