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Abstract

The effects of different extracting solvents, used in two extraction methods, on the total polyphenol contents of Quercus coccifera L.
and Juniperus phoenicea L. fruits were studied. The antioxidant and antibacterial activities of these extracts were evaluated. Water and
organic solvents, used individually, such as acetone and chloroform, or in mixtures: acetone/water/acetic acid (90/9.5/0.5) and ethyl ace-
tate/methanol/water (60/30/10), significantly affected total polyphenol content. The antioxidant activity of these extracts was investi-
gated by the widely used ABTS" method and the B-carotene bleaching test. The results showed that solvents with different polarities
had significant effects on antioxidant activity. A few of these extracts are as strong as some common synthetic antioxidants. Extracts
were also tested for their antibacterial effects on spoilage and pathogenic bacteria. Results showed that acetone/water/acetic acid extracts
exhibited the highest antibacterial activities against all tested germs. It is also noteworthy that the Gram-positive bacteria, Staphylococcus
aureus ATCC 25923 and Enterococcus faecalis ATCC 29212, were inhibited more easily than were the Gram-negative ones. Since a
strong correlation between polyphenol contents and biological activities was noted (correlation ranging between R>=0.76 and
R?=0.84), we suggest the use of these extracts to prevent the deterioration of stored foods by bacteria, if any resulting organoleptic
effects are acceptable.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Polyphenols; ABTS" method; BCB test; Antioxidant; Antibacterial

1. Introduction

Interest in the phytochemical content of fruits vegetables
and grains has increased due to consumer awareness of its
various health and nutraceutical benefits. There is intense
interest in plant polyphenols, as witnessed by numerous

Abbreviations: ABTS™, 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid); ANOVA, Analysis of variance; BCB, B-carotene bleaching method;
CFU, colony forming unit; GAE, gallic acid equivalent; NA, nutrient
agar; PBS, phosphate buffer saline; Vit-C, Vitamin C (ascorbic acid).
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papers devoted to various aspects of these compounds
(Tura & Roberts, 2002; Yanishlieva & Marinova, 2001).
The use of plants and herbs as antioxidants in processed
food is becoming of increasing importance in the food
industry as an alternative to synthetic antioxidants (Mad-
sen & Bertelsen, 1995). Plant antioxidants tend to be
water-soluble, because they frequently appear combined
as glycosides and they are located in the cell vacuole (Har-
borne, 1998). These compounds, among the most common
groups of photochemicals, are of considerable physiologi-
cal and morphological importance to plants. Phenolics
are antioxidants with redox properties, allowing them to
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act as reducing agents, hydrogen donators, and singlet and
triplet oxygen quenchers (Pietta, 2000). They also have
metal chelation properties (Kdhkonen et al., 1999). Inter-
esting new findings, regarding their biological activities,
provide the basis for the present rapidly increasing interest
in the use of natural antioxidants as functional food ingre-
dients and/or food supplements. For example, Yanishlieva
and Marinova (2001) have reviewed the use of phenolic
compounds from plant sources as natural antioxidants in
a number of edible oils, such as corn, cottonseed, fish,
olive, peanut, rapeseed, soybean and sunflower oil. Accord-
ingly, research to identify antioxidative compounds is an
important issue, although it remains unclear which of the
compounds in medical plants are the active ones. Even
though a variety of herbs and plants are known to be
sources of phenolic compounds, studies aimed at isolating
polyphenols, and evaluating their antioxidative and antimi-
crobial effects, have rarely been carried out.

Spoilage of food, due to the presence of bacterial and
fungal infection, has been a major concern for decades,
and causes a considerable economic loss, worldwide. The
demand for non-toxic, natural preservatives has been rising
with increased awareness and reports of the ill-effects of
synthetic chemicals present in foods. Furthermore,
emergence of food-borne pathogens has lately become a
major public health concern (WHO, 2002). Many com-
pounds in plants have been reported to be biologically
active, antimicrobial, allopathic antioxidants and to have
bioregulatory properties. Extracts from herbs and spices
are the most common plant materials evaluated for antiox-
idant and antimicrobial use (Dorman & Deans, 2000).
However, compared to herbs, spices, vegetables and bever-
ages, there is limited research on the inhibitory effects of
various extracts from plants (Harborne, Baxter, & Moss,
1999).

Different solvent systems have been used for the extrac-
tion of polyphenols from plant material (Pinelo, Rubilar,
Sineiro, & Nunez, 2004). Extraction yield is dependent on
the solvent and the method of extraction (Goli, Barzegar,
& Sahari, 2004). The extraction method must allow com-
plete extraction of the compounds of interest, and it must
avoid their chemical modification (Zuo, Chen, & Deng,
2002). Water, and aqueous mixtures of ethanol, methanol
and acetone, are commonly used in plant extraction (Sun
& Ho, 2005). Wang and Helliwell (2001) reported that
aqueous ethanol was superior to methanol and acetone
for extracting flavonoids from tea. However, in another
work, water was found to be a better solvent, for extracting
tea catechins, than were 80% methanol or 70% ethanol
(Khokhar & Magnusdotti, 2002). Moreover, in the extrac-
tion of polyphenol, a single extraction compared to
multiple extraction procedure is not sufficient (Goli et al.,
2004).

Despite the medicinal potential of plants in Tunisia
being considerable, knowledge of this area and studies on
these plants remain scarce. The choice of our investigated
plants is based on two criteria: first, that these plants have

ethnopharmacological data indicating their utilization in
folk medicine; second, that in this domain, there is no study
in Tunisia which deals with the biological activities of var-
ious extracts of such evergreen sclerophyll species. Thus,
the purpose of our study was to investigate the effects of
different extracting solvents, employed in two different
extraction procedures, on total polyphenols and antioxi-
dants, as well as antibacterial capacity/activity. This evalu-
ation, related to the total phenolic contents and biological
activities, may help us to find new potential sources of nat-
ural additives (antioxidants, antibacterial agents).

2. Materials and methods
2.1. Plant materials

Fruits of Quercus coccifera L. (Fagaceae) and Juniperus
phoenicea L. (Cupressaceae) were used in this study. Fruits
were collected in November, 2005, from different places
around the town of Thala in mid-west Tunisia at 1200 m
altitude. Specimens were identified by Dr. Nadia Ben
Salem at the Department of Botany, National Institute of
Agronomic Research (INRAT, Tunis) and voucher speci-
mens were deposited at the Herbarium of the Department
of Botany in the cited institute.

2.2. Chemicals

All chemicals were purchased from Sigma (USA), Fluka
Chemie (Buchs, Switzerland) and Merck (Germany).

2.3. Extraction of polyphenols

Fruits were ground to a fine powder with a grinder. Two
methods were adopted to extract total polyphenols from
these powders. In the first method (method #1), powders
(100 g) were extracted in a Soxhlet extractor with hexane
for 6 h at 65 °C to remove the fatty materials. Then, the
defatted powder was divided into five fractions. Each frac-
tion was separately re-extracted in a Soxhlet apparatus for
5h with 250 ml of one of these solvents: absolute chloro-
form, absolute acetone; mixture 1; acetone:water:acetic
acid (90:9.5:0.5), mixture 2; ethyl acetate:methanol:water
(60:30:10), respectively. For water extraction, the fifth frac-
tion was infused with 100 ml of freshly boiled distilled
water for 10 min. The infusion was filtered through What-
man No. 1 paper and rapidly cooled under tap water. In
the second extraction method (method #2), maceration
of crude powder was carried out in a one-step extraction
(batch mode). Ground fruits (25 g) were extracted at room
temperature overnight, separately, with 250 ml of the same
solvents as above without being defatted. This time, the
extract was filtered through 0.45 pm filter paper. Infusions
were prepared as above, but using non-defatted powder.
All obtained organic extracts were concentrated by rotary
evaporation under vacuum at 45°C, using a HACH
UV-Vis spectrophotometer (Model DR/4000, Colorado,
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USA), to get crude extracts, whereas infusions were
lyophilised.

2.4. Determination of total phenolic compounds by Folin—
Ciocalteu method

The amount of total phenolics was determined with
the Folin—Ciocalteu reagent using the method of Lister
and Wilson (2001). This method was employed to evalu-
ate the phenolic content of the samples. A calibration
curve of gallic acid (ranging from 0.005 to 0.05 mg/ml)
was prepared (in 80% of methanol), and the results,
determined by the regression equation of the calibration
curve (y =62.94x — 0.67, R*=0.99), were expressed as
mg gallic acid equivalents per gram dry weight of raw
material (mg GAE/ g dry weight). In this method,
100 pl of sample (diluted to obtain absorbance in the
range of the prepared calibration curve) were dissolved
in 500 ul (1/10 dilution) of the Folin—Ciocalteu reagent
and 1 ml of distilled water.

The solutions were mixed and incubated at room
temperature. After 1 min, 1.5 ml of 20% sodium carbonate
(Na,COs3) solution were added. The final mixture was
shaken thoroughly and then incubated for 2 h in the dark
at room temperature. The absorbance of all samples
was measured at 760 nm using a HACH UV-Vis
spectrophotometer.

2.5. Quantification of total antioxidant activity

2.5.1. ABTS assay

ABTS radical-scavenging activity of extracts was deter-
mined according to Re et al. (1999). In this test, we mea-
sured the relative capacity of antioxidants to scavenge the
ABTS™" radical compared to the antioxidant potency of
L(+) ascorbic acid (vitamin C) used as a standard.

The ABTS™" radical was freshly prepared by adding
5ml of a 4.9 mM potassium persulfate (K,S,0g) solution
to 5ml of a 14 mM ABTS solution and kept for 16 h in
the dark. Before usage, this solution was diluted to get
an absorbance of 0.700 £ 0.020 at 734 nm with PBS at
pH 7.4 (5 mM NaH,PO,4, 5 mM Na,HPO, and 154 mM
NaCl). The spectrophotometer was first blanked with
PBS. The final reaction mixture of standard group was
made up to 1 ml with 950 ul of ABTS™" solution and
50 pl of Vit-C. Similarly, in the test group, 1 ml of reaction
mixture comprised 950 pl of ABTS™ solution and 50 pl of
the extract solution. The reaction mixture was vortexed for
10 s and its absorbance at 734 nm was recorded each min-
ute after initial mixing. Appropriate solvent blanks were
run in each assay, and all measurements were done within
at least 6 min. The results, determined from regression
equation of the calibration curve (y = 0.0446x — 0.0076,
R?=10.987), were expressed as mg ascorbic acid equiva-
lents per gram dry weight of raw material (mg Vit-C/g
dry weight).

2.5.2. B-Carotene bleaching test

The antioxidant activity of fruit extracts was evaluated
according to a slightly modified version of the B-carotene
bleaching method (Pratt, 1980). B-Carotene (0.2 mg),
20 mg of linoleic acid and 200 mg of Tween 40 (polyoxy-
ethylene sorbitan monopalmitate) were mixed with 0.5 ml
of chloroform. Chloroform was removed at 45 °C, under
vacuum, using a rotary evaporator (Heidolph, Germany).
The resulting mixture was immediately diluted with 10 ml
of triple-distilled water and was mixed well for 1-2 min.
The emulsion was further made up to 50 ml with oxygen-
ated distilled water. Aliquots (4 ml) of this emulsion were
transferred into different test tubes containing 0.2 ml of test
samples. BHA was used for comparative purposes. A con-
trol, containing 0.2 ml of corresponding solvent and 4 ml
of the above emulsion, was prepared. The tubes were
placed, at 50 °C, in a water bath. Absorbances of all the
samples at 470 nm were taken at zero time (z = 0), mea-
surement of absorbance was continued, until the colour
of the B-carotene disappeared in the control reaction
(=180 min), at 15 min intervals. A mixture prepared as
above, without B-carotene, served as blank. All determina-
tions were performed in triplicate. The antioxidant activity
(AA) of the extracts was evaluated in terms of bleaching of
the p-carotene using the following formula: AA =
% inhibition = 100[1 — (4 — 4,)/A; — A;] where A, and
A4y are the absorbance values measured at zero time
of the incubation for test sample and control, respectively.
A and 4] are the absorbances measured in the test
sample and control, respectively, after incubation for
180 min.

2.6. Determination of antibacterial effect

2.6.1. Bacterial strains

The extracts were individually tested against a panel of 8
spoilage and pathogenic bacteria including Pseudomonas
aeruginosa ATCC 9027, Pseudomonas morgani, Staphylo-
coccus aureus ATCC 25923, Enterococcus faecalis ATCC
29212, Escherichia coli ATCC 25922, Salmonella anatum,
Klebsiella pneumoniae, Listeria monocytogenes.

2.6.2. Disc-diffusion assay

The agar disc diffusion method was employed for the
determination of antibacterial activities of the extracts, as
recommended by NCCLS (1997). Briefly, a suspension of
the tested bacteria (100 pl of suspension containing
10 CFU/ml) was spread on nutrient agar (NA). Filter
paper discs (12.7 mm in diameter) were impregnated with
100 ul of 3 mg/ml extracts (300 pg/disc) and placed on
the inoculated plates. Negative controls were prepared
using the corresponding solvent. Streptomycin B (30 pg/
disc) was used as a positive reference standard to determine
the sensitivity of one strain/isolate in each bacterial specie
tested. The inoculated plates were incubated at 37 °C for
24 h. Antimicrobial activity was evaluated by measuring
the zone of inhibition against the tested bacteria. All tests
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were performed in triplicate and experiments were repeated
twice.

2.7. Statistical analysis

All data were expressed as means =+ standard errors of
triplicate measurements. One-way analysis of variance
(ANOVA) was carried out to test any differences between
the solvents used. Statistical comparisons between vari-
ables (e.g., yields, phenolic contents and antioxidant activ-
ity with method #1 and method #2) were performed with
Student’s ¢-test. Correlation between the antioxidant activ-
ity and total phenolic content was carried out using the
correlation and regression in the EXEL programme. Dif-
ferences were considered significant at p < 0.05.

3. Results and discussion
3.1. Extraction yields

Yields of different extracts obtained by both methods
were examined and presented in Table 1. It is clear that
the highest yields were recorded when extractions were per-
formed in the one-step batch mode (method #2). Statisti-
cally, all the results were at least significant (p < 0.05),
which means that there was a significant difference between
yields obtained by each of the used methods from both
plant materials. This remains true, no matter what the sol-
vent used. The difference between extraction yields
obtained by the two methods depended on the raw material
analyzed. Variation in the yields of various extracts is
attributed to polarities of different compounds present in

the fruits and such differences have been reported in litera-
ture concerning fruit seeds (Jayaprakasha, Singh, & Saka-
riah, 2001). The highest yield in sequential extractions
(method #1) was achieved by the polar solvents. For
J. phoenicea, the order of the extracts, obtained by method
#1, was: acetone > mixture 1> mixture 2 > infusion >
chloroform. When method #2 was used, the order
completely changed and became as follows: mixture
1 > mixture 2 > chloroform > acetone > infusion. These
results were the same when Q. coccifera fruits were used,
except that, when method #2 was adopted, mixture 2 gave
a higher yield than did mixture 1.

3.2. Amount of total phenolics

The amount of total phenolics varied in the different
extracts and ranged from 45.0 to 201 mg GAE/g of dry
material (Table 2). Researchers at “The Local Food-
Nutraceuticals Consortium” (School of Pharmacy,
University of London) found 103 mg g~ ethanolic extract
from Quercus ilex L. subsp. Rotundifolia (Lam.) fruits
(The Local Food-Neutraceuticals Consortium, 2005). In
another work, Djeridane et al. (2006) recorded 12.7 mg
GAE/g dry weight of 70% aqueous ethanol extract from
Juniperus oxycedrus. This extract was prepared using the
one-step extraction method. The amount of total phenolic
compounds, in all tested extracts, was higher than those of
some Asian vegetables (Kaur & Kapoor, 2002).

The highest total phenolic levels in J. phoenicea were
detected when mixture 1, water and acetone, was used for
extraction in method #1 as well as in method #2. We can
establish the order of all the extracts with highest value

Table 1
Extraction yield (EY) of solvent extracts, obtained by two different methods, from J. phoenicea L. and Q. coccifera L. fruits
Water Acetone Chloroform Mixture 1 Mixture 2
J. phoenicea Method #1 6.32% 9.65% 4.14% 7.21% 6.88%
Method #2 10.8° 15.2° 21° 36.2° 31.8°
Q. coccifera Method #1 4.21¢ 5.75¢ 3.7¢ 5.3¢ 4.32°
Method #2 9.32¢ 15.4¢ 19.2¢ 19.8¢ 26.4¢
EY: values are expressed as % of dry fruit powder.
For each solvent, values in the same column bearing different letters are significantly different at p < 0.05 (at least).
Table 2
The effect of different solvents on polyphenol content in J. phoenicea L. and Q. coccifera L. fruit extracts obtained by both methods
Juniperus phoenicea Quercus coccifera
Method #1 Method #2 Method #1 Method #2
Water 167 £+ 0.68 189 +£0.51 74.9 +0.24 99.0 +0.77
Chloroform 89.6 +£0.11 66.1 +1.20 65.54+0.36 45.04+1.32
Acetone 143 +1.02* 106 4+ 0.65 173 £1.214 97.5+0.85
Mixture 1 188 +0.33 202 +0.43 123 +£0.17 139 +1.83
Mixture 2 96.8 + 1.45%8 94.1 + 0.46*C 103 + 1.66™P 101 4 0.52>¢

Values are expressed as mg GAE/g dry weight (means =+ standard deviation of three measurements).
For each solvent, values in the same line bearing different letters are not significantly different (p > 0.05).
Values bearing capital letters are the cases where polyphenol contents, obtained with a given method, are higher in Q. coccifera L. extracts.
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of polyphenol content by method #1 as follows: mixture
1 > infusion > acetone > mixture 2 > chloroform. The same
order was noted when extracts were obtained by method
#2. In the case of Q. coccifera, the order of polyphenol con-
tent of extracts was completely different. The highest
amount of polyphenol in extracts prepared by method #1
was found in the acetone extract, closely followed by
mixture 1, mixture 2, infusion and chloroform, respec-
tively. On the contrary, the highest polyphenol content in
extracts prepared according to method #2 was found
in mixture 1 and the order was as follows: mixture 1 > mix-
ture 2 > infusion > acetone > chloroform. In all cases,
chloroform was the least effective solvent. Similar results
were noted when the lowest amount of phenolics was
recorded in non-polar (chloroformic) subfraction of meth-
anol extract from aerial parts of Salvia tementosa (Bektas,
Dimitra, Atalay, Munevver, & Moschos, 2005). These
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results showed that, for both methods, polyphenol content
was strongly dependent on the solvents. Polar fractions had
more phenolics in them than had non-polar fractions. As
mentioned above, our results clearly showed that a higher
content of polyphenols was obtained with an increase in
the polarity of the solvent used. Aqueous acetone (mixture
1) and water gave the highest levels of polyphenols. In the
literature, it is reported that aqueous acetone (70%), with
or without acid, is more efficient than is absolute acetone
for recovery of a maximum amount of condensed tannins
from different peas (Chavan, Shahidi, & Naczk, 2001). In
another work, it had been found that, among the solvents
tested, methanol and a mixture of ethanol and water (17:3)
were the most effective and gave the greatest level of total
phenolics from grape seeds (Jayaprakasha et al., 2001).
Polyphenol contents in extracts prepared by both methods,
from J. phoenicea, were substantially higher than those
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Fig. 1. The antioxidant activities of J. phoenicea L. extracts as determined
(b) Extracts prepared according to method #2. (Results are expressed as

by the B-carotene bleaching test. (a) Extracts prepared according to method #1.
means + standard deviation of three measurements.)
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from Q. coccifera, and a significant difference was found
between them. Nevertheless, some exceptions were noted
(values bearing the same capital letters A, B or C in Table
2). The results also indicated that, for a given raw material,
the total polyphenols, prepared either with method #1 or
with method #2, were significantly different. Some excep-
tions were observed, particularly when mixture 2 was used
as extracting solvent (values bearing the same letters a or b
in Table 2).

3.3. Antioxidant activity

In light of the differences among the wide number of the
systems available, the results of a single method can give
only a reductive suggestion of the antioxidant properties
of the extracts (Gianni et al., 2005). For that reason, we
combined two complementary techniques, based on
bleaching of B-carotene (Fig. 1a and b) and scavenging of
the ABTS"" radical (Table 3).

According to the results presented in Fig. 1, we can note
that extracts from J. phoenicea obtained by mixture 1
showed more than 70% inhibition, which is as strong as
the synthetic BHA. Meanwhile, extracts obtained by chlo-
roform were less effective in minimizing the oxidation of
lipids. Similar results were found by Djeridane et al.
(2006). Thus, it can be seen that extracts prepared by differ-
ent solvents and different techniques exhibited varying
degrees of antioxidant activity. The same observations
were noted with extracts from a Q. coccifera sample (data
not shown). It can be concluded that the extracts obtained
using high polarity solvents were considerably more effec-
tive radical-scavengers than were those using low polarity
solvents, indicating that antioxidants or active compounds
of different polarity could be present in the extracts with
high antioxidant capacity. Change in solvent polarity alters
its ability to dissolve a selected group of antioxidant com-
pounds and influences activity estimation (Zhou & You,
2004). Nevertheless, compared with extracts from J. phoe-
nicea, those from Q. coccifera exhibited less antioxidant
activity, whatever the extracting solvent or the extraction
method (Table 3). The antioxidant capacity of the extracts
can be ordered as follows according to the results
of ABTS™ radical bleaching: mixture 1 > acetone >

Table 3
The effect of different solvents on antioxidant capacity in J. phoenicea L.
and Q. coccifera L. fruit extracts obtained by both methods

Juniperus phoenicea Quercus coccifera

Method #1 Method #2 Method #1 Method #2
Water 1444044 152+1.01* 10.8+0.67° 8.34+1.21°
Chloroform  6.01 & 1.34* 3.03+0.21° 421 +029° 2.22+40.22¢
Acetone 16.4+0.15% 14.1 +£0.4° 13.24+081° 11.2+081°
Mixture 1 282 +0.328  26.7+0.94° 22240.57° 182 +1.01°
Mixture 2 09.9 +0.55  7.24+0.94° 7.134+0.79° 6.41+£0.15°

Results of the ABTS™" assay are expressed as mg equivalents of vitamin C/
g dry weight (means + standard deviation of three measurements).

For each solvent, values in the same line bearing different letters are sig-
nificantly different at p < 0.05 (at least).

water > mixture 2 > chloroform when method #1 was
used. However, when method #2 was used, the order was
as follows: mixture 1> water > acetone > mixture
2 > chloroform.

Furthermore, content of polyphenols in all the extracts
(except a few) correlates with their antioxidant activity,
confirming that polyphenols are likely to contribute to
the radical-scavenging activity of these plant extracts. Sim-
ilar results were reported for different plants by various
studies (Miliauskas, Vensjutonis, & Van Beek, 2004; Yu,
Ahmedna, & Goktepe, 2005). The correlation between
the total phenolics and antioxidant activity of all extracts
ranges between R?=0.76 and R*>=0.84. This result
suggests that between 76% and 84% of the antioxidant
capacity of extracts is due to the contribution of phenolics.
Similar correlation was reported by Djeridane et al. (2006)
who found R*=0.79 as the correlation factor between
antioxidant activity and total phenolics in some ethanolic
extracts from Algerian medicinal plants, including Junipe-
rus oxycedrus. In a few other cases (namely with mixture
2), no correlation was noted. The unclear relationship
between the antioxidant activity and the total phenolics
may be explained in numerous ways. In fact, the total
phenolics content does not incorporate all the antioxidants.
Their redox properties allow them to act as reducing
agents, hydrogen donators, and singlet and triplet oxygen
quenchers (Pietta, 2000). Nevertheless, they may exhibit
strong metal chelation properties (Kédhkonen et al., 1999).
In addition, the synergism between the antioxidants in
the mixture makes the antioxidant activity, not only depen-
dent on the concentration, but also on the structure and
interaction between antioxidants (Rice-Evans, Sampson,
Bramley, & Holloway, 1997). The polar fractions may have
more polyhydroxyl phenolics, such as tannins, which may
act synergistically with other compounds (Haslam, 1996).

3.4. Antibacterial activity

The antibacterial effects of the extracts, obtained by
both methods, using water, acetone and chloroform on
tested bacteria are presented in Table 4, whereas, the effects
of mixtures of extracts, on the same bacteria, are presented
in Fig. 2. All extracts were used at 300 pg/disc.

The different extracts inhibited growth to wvariable
extents, depending on the bacterium in question. Aqueous
extracts, from both plants, showed the best effectiveness
good broad-spectrum action, followed by chloroform and
acetone extracts. Similar trends for inhibition of bacterial
growth have been observed in earlier studies with other
plant extracts (Negi & Jayaprakasha, 2003). It seems that
J. phoenicea extracts obtained by method #1 and method
#2 exhibited a wider spectrum against all tested bacteria
than did the corresponding extracts from Q. coccifera. This
could be attributed to the higher levels of phenolics in
J. phoenicea extracts. Furthermore, on comparing the
methods of extractions, it is clear that the aqueous extracts
obtained by method #1 were more effective against all the
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Table 4
The antibacterial activities of extracts obtained by two different methods and different extracting solvents

Water Acetone Chloroform Streptomycin®

Q. coccifera  J. phoenicea Q. coccifera  J. phoenicea Q. coccifera  J. phoenicea

#1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
Pseudomonas aeruginosa ATCC 9027  22.5 23 25 255 135 NA 14 13 15 13 175 14 29
Pseudomonas morgani® 23 245 24 25.5 14 13 15.5 13 145 135 16 145 27
Staphylococcus aureus ATCC 25923 25 25 26 27 155 NA 18 16.5 16 155 185 17 28.5
Enterococcus faecalis ATCC 29212 19.5 195 20 23,5 NA NA 16 NA 185 15 18 17.5 25
Escherichia coli ATCC 25922 18 19.5 20 22 NA NA 13 NA 135 14 155 15 24
Salmonella anatum® 17 21 19.5 215 13 NA 13.5 13.5 145 NA 16 13.5 25
Klebsiella pneumoniae® 195 21 21 22 13.5 13 14 13 15 NA 17.5 NA 24
Listeria monocytogenes® 20.5 225 21 245 NA NA 14 NA 145 145 145 NA 26.5

Results are expressed as diameter (in mm) of inhibition zone minus diameter of inhibition zones of negative control as determined by the disc diffusion

method.

NA: not active.
# Streptomycin B at 30 pg/disc was used as positive control.
® Clinical strain.
¢ Food spoilage strain.
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Fig. 2. The effect of mixture solvents on antibacterial activity of J. phoenicea L. and Q. coccifera L. fruit extracts obtained by both methods. (Results are
expressed as diameter (mm) of inhibition zone including the paper disc diameter. Values are given as means + SEM.)

bacteria than were those obtained by method #2. This
observation remained true for aqueous extracts from
J. phoenicea, as well as from Q. coccifera. In all other cases,
the extracts showed similar behaviour, since the diameters
of inhibition zones remained very close. Moreover, E. coli
ATCC 25922 and L. monocytogenes were not inhibited by
acetone extracts of J. phoenicea fruits obtained by both
methods, whereas, S. anatum and S. aureus ATCC 25923
were not inhibited by acetone extract prepared from
0. coccifera using method #2.

As shown in Table 4, the Gram-positive bacteria S. aur-
eus ATCC 25923 and E. faecalis ATCC 29212 seemed to be
more easily inhibited than were the Gram-negative bacte-
ria, namely L. monocytogenes and E. coli. This may be

attributed to lipopolysaccharides in the outer membrane
of the Gram-negative bacteria, which make them inher-
ently resistant to external agents, such as hydrophilic dyes,
antibiotics and detergents (Negi & Jayaprakasha, 2003).
Similar results have been observed in earlier studies using
other plant extracts (Candan et al., 2003; Negi & Jayap-
rakasha, 2003). Nevertheless, it should be taken into
account that the inhibition area depends on the ability of
the antibacterial compound to diffuse uniformly through
the agar. This phenomenon was noted in many reports
(Rauha et al., 2000).

As we noted in Fig. 2, the extracts obtained by mixture 1
(using either method #1 or method #2) were more effective,
in inhibiting all tested bacteria, than those obtained by
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mixture 2. Meanwhile, inhibitions recorded with all these
extracts were higher than were those recorded using all
the other solvents (water, acetone and chloroform). Similar
findings were reported by Baydar, Ozkan, and Sagdic
(2003). They found that 20% defatted grape seed extracts,
obtained by the same mixtures as used in this work, inhib-
ited some food spoilage bacteria, such as E. feacalis (34 mm
with mixture 1 and 28 mm with mixture 2), S. aureus
(29 mm with mixture 1 and 26 mm with mixture 2).

4. Conclusion

The technique of extraction, as well as the extracting
solvent, significantly affected extraction yield, total poly-
phenol and biological activities (antioxidant and antibacte-
rial) of several extracts from J. phoenicea L. and Q.
coccifera L. fruits. Rankings in polyphenol contents of
extracts, varied, depending on the nature of solvent, the
method of extraction used and the raw material. The most
efficient solvents for polyphenol extraction were the polar
solvents, such as: acetone/eau/acetic acid (95/4.5/0.5), ethyl
acetate/methanol/water (60/30/10) and water. Regardless
of the method used, the one-step extraction method
allowed higher yields. Meanwhile, the sequential method,
using a defatted material, provided extracts with
stronger antioxidant and antibacterial capacity/activity.
As observed, extracts with higher antioxidant capacity
and antibacterial activity also had higher polyphenol con-
tents. It can be concluded that the extracts obtained using
higher polarity solvents were more effective radical-scav-
engers and bacterial inhibitors than were those obtained
using less polar solvents. Furthermore, it is notable that
the extracts from J. phoenicea were more efficient as anti-
bacterial agents and exhibited stronger antioxidant capac-
ity than did the corresponding ones from Q. coccifera.
These results indicate that selective extraction from natural
sources, by appropriate solvents and suitable methods, is
important for obtaining fractions with high antioxidant
and antibacterial activities. Results presented here suggest
that the extracts obtained from J. phoenicea and Q. coccif-
era possess antioxidant and antibacterial properties and
therefore, they can be used as preservative ingredients in
the food and/or pharmaceutical industry, if any resulting
organoleptic effects are acceptable. These plants contain
high amounts of phenolics and have very high levels of gal-
lic acid equivalents. In order to confirm the antioxidative
effect of these plants, a further survey, which uses other
kinds of antioxidant assay, should be undertaken. More-
over, arising from this work, we can conclude that studies
using foodstuff models are needed to further confirm the
advantageous quality of these extracts.
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