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Objective: To investigate the antioxidant, antibacterial, and chemical ingredients of
Ardisia elliptica (A. elliptica) methanolic extracts.

Methods: The plant was extracted using methanol. Antibacterial and antioxidant activ-
ities were evaluated.

Results: The results showed that both fruit and leaf extract of A. elliptica have significant
antibacterial activities against Gram-positive and Gram-negative bacteria. Fruit extracts
showed higher content of phenolic (71 + 0.03 GAE/mg extract dry weight), in com-
parison to the leaf extracts (37 + 0.05 GAE/mg extract dry weight). Flavonoid content,
and Fe?* chelating activity of fruit extracts were higher than leaf extract. The percentage
radical inhibition of fruit extract is found to be higher (70%) than that of leaf extract
(60%). LCMS results indicated that the major compounds in the fruit extract were
Gingerol, Aspidin, Kampherol, and Stercuresin, while the leaf extract contained Gingerol,
Aspidin, Triangularin, and Salicyl acyl glucuronide. Furthermore, the results of GCMS
indicated that fruit extract contained these major compounds: Vitamin E Tocopherol, 5-
hepylresornicol, 2-Nonylmalonic acid, 5-pentadecylresornicol, and Stigmasta-7-22-dien-
3-ol. However, leaf extract of A. elliptica contained these major compounds: Alpha
Amyrenol, 4,4, 6, 6a, 6b, 8, 8a, 9,10, 11,12,12a, 14, 14a, 14b octadehydro-2H-picen-3-
one, and Lonasterol, 4-t-Butyl-2-[4-nitrophenyl] phenol.

Conclusions: The results provide evidence that fruit and leaf of A. elliptica extracts
might indeed be used as a potential source of effective natural antimicrobial and anti-
oxidant agents in pharmaceutical and food industries.

1. Introduction

rely on traditional medicine to treat several diseases [2]. In the
recent years, plants have attracted a great deal of scientific

Herbal medicine is considered as an essential source of nat-
ural products and useful for eliminating serious diseases in
developing countries [1]. About 60% of the world's population
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interest, and thus have become an attractive alternative in
complementary medicine [3]. Malaysia is rich in its traditional
knowledge about the use of medicinal plants in combating
diseases [4]. Several types of plant extracts or plant-derived
molecules have been investigated for their potential as antioxi-
dants and antibacterial sources against several diseases [4].
Free-radicals are composed in living organisms through
biochemical and pathophysiological processes that may occur
due to toxins, environmental pollutants, chemicals, radiation,
etc. These could lead to an inequity between the creation and
nullification of pro-oxidants pursuing constancy via electron
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pairing with large molecules necessary for life including lipids,
DNA, and proteins, incurring oxidative stress in specific phys-
iological conditions [5]. This results in damage to protein, lipids,
enzymes, and DNA in healthy human cells, which consequently
causes numerous chronic diseases like ageing, diabetes,
cardiovascular diseases, atherosclerosis, inflammation, cancer,
and other degenerative diseases in humans [5].

In this context, these plants have been given much attention
due to their abilities to supress or to delay the oxidation process
by the means of other molecules hindering the instigation of
oxidizing chain reactions; these characteristics have made them
an attractive alternative in complementary medicine. The plants
are rich in naturally occurring antioxidant chemicals such as
ascorbic acid, nitrogen compounds, phenolic compounds and
carotenoids [6]. Indeed, many studies have been demonstrated
that the phytochemical extracts have exhibited antioxidant
activities, among which are those belonging to the constituents
in plants such as alkaloids, flavonoids, vitamins, terpenoids,
carotenoids, phenolic compounds and polyphenols [71.

This warrants a search for new drugs to manage health
problems via natural sources. In all human civilizations around
the world, ancient traditional medicine has proven plants to be
one of the promising sources of curative agents. Hence, scien-
tific research is focused on antimicrobial and antioxidant activ-
ities of a number of plant extracts in order to explore an
alternative therapy against different types of microorganisms
and oxidative reactions [8].

In this regard, several plant extracts have been evaluated.
Among the recently reported literature are those on Chenopodium
murale 191, Woodfordia fruticosa [10], and Melaleuca cajuputi [111.
Ardisia elliptica (A. elliptica) (Marlberry), a member of the
Primulaceae family is known for its remarkable biological
activity and is widely distributed throughout Asia [12]. In
Malaysia, A. elliptica is used to assuage retrosternal pains as well
as to treat herpes and measles, whereas in Thai traditional
medicine, it is used to cure diarrhoea with fever. Generally, in the
Southeast Asian region A. elliptica is used to treat scabies and
intestinal worms [131. A. elliptica is reported in several literature
for having anti-HIV [14], anti-salmonella [15], anti-viral [16], and
anti-cancer potential activities [17]. The aims of the current study
are to evaluate the potential antioxidant and antibacterial
activities, as well as to determine the chemical constituents of the
methanolic extract of fruits and leaves of A. elliptica.

2. Materials and methods
2.1. Chemical and reagents

Methanol, chloroform, NaOH, HCL, FeSOy4, FeCls, NaNOs,
FeCl,, B-carotene, quercetin, chloragenic acid, TPTZ, Tween
20, Proprylgallate, 2,2-diphenyl-1-Picrylhydrazyl (DPPH),
butylated hydroxytoluene (BHT), acetate buffer, Folin—ciocalteu
reagent, EDTA, ferrozine, ascorbic acid, and linoleic acid have
been used in the study. These chemicals are of analytical grade
and were purchased from Merck (Germany).

2.2. Plant materials and preparation of methanolic
extracts

The plant was collected in September 2013 from the state of
Kedah, Malaysia. The plant material was identified and

confirmed by specialists in botany and the voucher specimen
was deposited at the Herbarium of Rimba I[lmu, Institute of
Science Biology, University of Malaya, Kuala Lumpur (voucher
number KLU048232). The fruits and leaves of A. elliptica were
washed using distilled water, ground into powder and dried for
several days. For sample preparation, 100 g parts each of the
leaves or fruits were added to 1000 mL of 95% methanol at
25 °C and kept for 72 h. Then the extracts were filtered out of
the mixture using Whatman filter paper (No: 1); this procedure
was repeated three times. The extracts were then concentrated
using a rotary evaporator in vacuo at 40°C, and dried to remove
the remaining residue, thus leaving only the A. elliptica fruit and
leave extracts, respectively.

2.3. GCMS methodology

The extraction process of the AF or AL crude extract (10 mg)
was performed assisted by 15 min of sonication in a sealed vial
with 2.5 mL of dichloromethane at 40 °C. Following the
extraction, 1 mL of the extract samples was analysed by filtering
it with a 0.20-pum Nylon filter into an auto-sampler vial. Sepa-
ration of hydrocarbons and other volatile compounds were
determined with a GC (Shimadzu, Japan) equipped with a
QP2010 mass detector. GC-MS analyses were done with an
ionization energy of 70 eV. The initial oven temperature was
programmed to 60 °C for 2 min, and was gradually increased at
arate of 7 °C/min to 150 °C until reaching the final temperature
of 310 °C for 15 min. The temperature for the injector and de-
tector was kept at 300 °C (split), and 310 °C, respectively. The
Helium (He) was the carries gas used at a linear flow-rate of
40 cm/s. The operation of MS detector was done at 200 °C. The
scan range was at a rate of 0.50 scan/s from 50 to 1000 m/z.
Purity of each GC peak was checked by taking MS at various
parts of each peak. All compounds were identified via mass
spectral database search (NIST/EPA/NIH) followed by the
matching of MS data. The MS match factors > 90% were shown
as “positive”.

2.4. LCMS

AL and AS extracts were diluted with Acetone to the con-
centration of 1 mg/mL. Following the dilution, 1 mL of both
extracts were filtered through a 0.22 mm hydrophobic PTFE
filter into an auto-sampler vial for LCMS analysis. An Agilent
1290 Liquid Chromatography system (Agilent Technologies,
Santa Clara, CA, USA) which was adjoined to a 6520 Q-TOF
tandem mass spectrometer was used to separate the compounds
from the samples. The mass detector was an electrospray ioni-
zation (ESI) interface equipped with a Q-TOF accurate mass
spectrometer controlled by the MassHunter software; 4 Ll of the
crude sample comprising a mixture of phenolic compounds were
loaded on a 2.1 mm (i.d) Narrow-BoreSB-C18 (length 150 mm)
analytical column (particle size 3 mM) used at a flow rate of
0.4 mL/min in a solution A (0.1% formic acid in water) and
solution B (100% Acetonitrile with 0.1% formic acid). The
gradient was run as follows: 3% B for 1 min, 3-100% B for
20 min, and 100% for 4 min. Total gradient time for the LCMS
was 28 min. The ionization conditions were adjusted at 300 °C
and 4000 V for capillary temperature and voltage, respectively.
The nebulizer pressure was 45 psi and the nitrogen flow rate was
10 L/min. All mass spectrometry data were recorded in both
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positive and negative ion modes. The acquisition rate was
1.03 spectra/s across the range of 115m/z—3200m/z in negative
mode. Finally, the MS data were analysed by using Agilent
MassHunter Workstation Qualitative Analysis Software and the
compounds were identified using MassHunter Workstation
METLIN Metabolite PCD/PCDL Software.

2.5. Total flavonoid assay

Total flavonoid content of the extracts was evaluated using
the aluminium chloride method [18] (Ghasemzadeh et al., 2011).
In brief, in either AL or AF (10 mL) test tube, an aliquot (1 mL)
of extracts (I mg/mL) or standard solution of quercetin (31.5,
62.5, 125, 250, 500 and 1 mg/L) was added. The sample was
then diluted with 4 mL of double distilled water at zero time,
followed by an addition of 0.3 mL of 5% (W/v) NaNO; to the
tube; 5 min later 0.6 mL of AICI; (10%) was added. Next,
2 mL of NaOH (1 M) was added to the mixture at the sixth
minute. Finally, double distilled water was added to the
mixture to bring the total volume to 10 mL. The mixture was
mixed well and the absorbance was taken at 430 nm against
reagent blank. This experiment was carried out in triplicate
and total flavonoid content was expressed as quercetin
equivalents in mg/100 g of dry weight.

2.6. Total phenolic content

Total phenolic content of extracts was evaluated using the
Folin—Ciocalteu methods as described [11]. The 200 UL of Folin—
Ciocalteu phenol reagent (Sigma-aldrich) was mixed with
100 pL of extract and 16-1000 pg/mL in 80% methanol of
standard solutions of Gallic acid. Then, 15% Na,CO3 (1 mL)
and deionized water (2 mL) were added and the mixture was
blended thoroughly. Thereafter, the mixture was kept in the
dark for 120 min at 25 °C; following that, the absorbance was
taken at 765 nm using a spectrophotometer (UV—Visible,
GBC, Cintra 40). Determination of total phenolic content was
conducted using the extrapolation of the calibration curve
from the standard Gallic acid concentrations measurement.
The tests were carried out three times (triplicate) and presented
as mg Gallic acid equivalent per mg of extract weight.

2.7. DPPH radical scavenging method

In vitro measurement of the free radical scavenging activity
of the extracts was conducted using the stable radical, 2,20-
diphenyl-1-picrylhydrazyl (DPPH) assay, following the
method described previously [11]. Various concentrations of
30 pL extract (31.3, 62.5, 125, 250, 500 and 1000 pg/mL)
were actively mixed with 120 pL of 0.25 mM DPPH, shaken
well and kept in the dark for 30 min at 25 °C. The absorbance
for different concentrations of methanol extracts as blank was
measured at 518 nm, and DPPH in methanol without extract
negative On the hand,
butylhydroxytoluene was used for positive control. The
scavenging activity percentage (AA % — antiradical activity)
of the extract was evaluated using the equation as reported
previously [18]:

AA% = [ 100 - Abssample _Absblank % 100
Absconrml

was used as control. other

2.8. F&* chelating activity assay

The ICA of leaf and fruit extracts were measured following
the previously reported method [11]. Each extract (0.05 mL in
DMSO) was added into a solution of 0.05 mL and 2 mM
FeCl, and vortexed for 30 s. Afterwards, ferrozine (5 mM),
was added, the mixture was mixed and shaken vigorously.
Ferrozine reacted with the divalent iron to form stable
magenta complex species that were very soluble in water. The
mixture was incubated for 10 min at 25 °C, and the
absorbance of the Fe’* Ferrozine was then determined at
562 nm. The ability of the extract to chelate ferrous ion was
calculated using the following formula:

A

Ag—
9%Chelating rate = U
0

x 100

where A( (blank) represents the absorbance of the control
(without extract) and A; represents the absorbance in the pres-
ence of the extract.

2.9. Ferric reducing antioxidant power (FRAP) assay

The extract reducing power was evaluated based on the
reduction of ferric to ferrous ion and the developed blue col-
ouration as described previously [19]. FRAP reagent was freshly
prepared from the following: 2.5 mL of 20 mM FeCl3.6H;0 in
25 mL of 0.3 M acetate buffer (pH 3.6), and 2.5 mL of 10 mM
tripyridyl-s-triazine (TPTZ) solution in 40 mM HCI. Then,
0.2 mL of the extract (0.1 pg/mL) was mixed with 1.8 mL of
FRAP reagent at 37 °C for 5 min. The absorbance was measured
at 593 nm. Finally, the reducing power was measured by
drawing a comparison between the absorbance of each extract
against a standard curve generated from iron (II) sulphate
(F62504).

2.10. Antimicrobial activity

2.10.1. Test organisms

The reference organisms were comprised of four Gram-
positive bacteria such as Staphylococcus aureus (RF 122),
Staphylococcus  epidermidis (MTCC 3615), Streptococcus
pneumoniae (ATCC 10015), Bacillus cereus (ATCC11778), and
four Gram-negative bacteria such as Salmonella typhimurium
(ATCC 14028), Escherichia coli (UT181), Pasteurella multo-
cida (UMMC clinically isolated strain) and Klebsiella pneu-
monia (K. pneumonia) (ATCC13883).

Antimicrobial activities of the extracts were evaluated by
the Kirby-bauer disc diffusion method as described by Car-
bonnelle [11]. For all bacterial strains, cultures grown overnight
in broth were adjusted to an inoculum size of 10° CFU/mL for
the inoculation of agar plates. In brief, the Nutrient Agar (NA)
was autoclaved at 121 °C for 20 min; each extract (0.1 g/mL)
was prepared by dissolving it in 100% dimethyl sulphoxide
(DMSO, Merck, Germany). Then, the extract was filtered
through a 0.20 mm millipore disposable filter (Minisart,
Sartorius Biotech, Germany). Sterile filter paper discs (6 mm
in diameter) were soaked with 50 pL of each extract and
each disc was placed onto the surface of the agar plate
(nutrient agar), that previously were inoculated with bacteria.
A disc soaked with only 50 pL of DMSO served as negative
Meanwhile, disc loaded with 20 mg

control. another
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streptomycin (reference antibiotic) was used as positive
control. The samples were then inverted and incubated for
18 h at 37 °C. For each bacterial strain, the test was
conducted in triplets and the diameter of the inhibition zones
was measured and analysed.

2.10.2. Minimal inhibitory concentration (MIC) and
minimal bactericidal concentration (MBC)

MIC values were determined using the microdilution
method [3], as the lowest extract concentration that totally
supresses the growth of microorganisms after 48 h of
incubation at 37 °C whereas MBC values were defined as
the lowest concentration of an antibacterial agent needed to
inhibit the growth of a certain bacteria followed subculture
onto antibiotic free media. The MBC was evaluated by sub-
culturing from the MIC assay tubes into the Nutrient Agar
plates; each well's plates, exhibited no growth after incubation
at 37 °C for 24 h. Positive and negative cultures were also
prepared. In brief, extracts (100 mg/mL dissolved in DMSO),
and two-fold serial dilution were prepared in a 96-well
microplate. Streptomycin was used as positive control anti-
biotic. The solution without extract served as a blank control.
Each microplate well included 40 pL of the growth medium,
50 pl of the diluted sample extracts, and 10 UL of the inoculum
(10° CFU/mL). Wells showing no growth on the plate were
taken as MBC. These experiments were carried out in
triplicate.

2.11. Statistical analysis

The results were expressed as mean =+ the standard deviation.
The ICso was measured from the plot of percentage inhibition
against extract concentration using anon-linear regression algo-
rithm. An independent 7-test was used to evaluate the significance
differences; a difference was considered significant when the value
was <0.05.

Table 1
List of major compounds identified from A. elliptica seed extract.

3. Results

3.1. GC/MS and LC/MS analysis of the methanol
extracts from A. elliptica

Results of the GC/MS analysis of A. elliptica fruit extract as
shown in Table 1 reveal that essential oils are the major compounds
present, characterized by the presence of fatty acids including n-
tridecanoic acid methyl ester (1.43%), 2-nonylmalonic acid
(8.81%), hexadecanoic acid isomers (both 0.71%), and 3,7,11,15-
tetramethyl-2-hexadecen-1-ol  butyl octadecanoate (0.71%),
respectively. In addition, aromatic compounds such as 5-
pentadecylresoricol isomers (8.10%, 4.05%, 3.81%, 4.29%, and
2.38%), 5 heptylresornicol (2.86%), and tocopherol (14.29%) were
observed to be present. GC/MS analysis of the A. elliptica leaf
extract affirms the presence of 15 bioactive compounds. As indi-
cated in Table 2, the methanol extract largely contains aromatic
compounds such as pentadecane (0.67%), 4-t-Butyl-2-[4-
nitrophenyl] phenol isomers (2.01%, 16.78%, 2.01%, 2.01%),
alpha tocopherol (3.36%), and alpha amyrenol (23.49%), and also
terpenoids such as 4,4, 6, 6a, 6b, 8, 829,10, 11,12,12a 14, 14a 14b
octadehydro-2H-picen-3-one  (16.78%), Longifolenaldehyde
(8.72%), Lonasterol (16.78%), 1,6,10,14,18,22-Tetracosahexaen-
3-0l 2,6,10,15,19, and 23-hexametyl (0.67%). Fatty acid 3, 7, 11,
15-Tetramethyl-2 -hexadecen-1-o0l (2.01%) was also detected.

The LC/MS results as presented in Table 3 show that most of the
detected compounds were typical phenolic acid derivatives. The
A. elliptica fruit extract displayed the presence of Gingerol, aspidin,
kampherol and stercuresin. However, the leaf extract was comprised
of trigularin, gingerol, salicyl acyl glucuronide, and aspidin.

3.2. Total phenolic contents
Results for the total phenolic content (TPC) of the A. elliptica

leaf and fruit extracts are shown in Table 1. When comparing the
TPC content of the extracts, fruit extract was found to show a higher

ID Possible compound name Class of compounds Molecular formula Mol mass Rt time %

1 2,24, 4,6,6,6,8,8,10,10,12,12 Dodecamethylcyclohexasiloxane None C1,H3606Si¢ 444 6.844 3.81
2 2.24,4,6,6,68.8,10,10,12,12,14,14 Tetradecamethylcyclohexasiloxane None C4H4,05Si 518 8.697 4.05
3 3,5-Di-t-butylphenol Phenolic C4H,0 206 9.502 2.86
4 n-Tridecanoic acid methyl ester Fatty acid C4H,50, 228 11416 1.43
5 2-Nonylmalonic acid Fatty acid C14H»604 258 17.183 8.81
6 Hexadecanoic acid Fatty acid C,7H340, 270 17.64 0.71
7 3,7,11,15-Tetramethyl-2-hexadecen-1-ol Fatty acid CooH400 296 23.909 0.71
8 Butyl octadecanoate Fatty acid C»,H440, 340 27.515 0.95
9 Hexadecanoic acid Fatty acid C19H3504 330 29.929 0.95
10 5-Pentadecylresornicol Phenolic C,1H360, 320 34.896 8.10
11 5-Pentadecylresornicol Phenolic C,1H360, 320 35.1 4.05
12 5-Pentadecylresornicol Phenolic C,1H360, 320 35.25 3.81
13 Squalene Alkene C30Hso 410 35455 2.86
14 5-Hepylresornicol Phenolic C3H00, 208 38.309 13.33
15 5-Pentadecylresornicol Phenolic C,1H360, 320 38.383 4.29
16 5-Pentadecylresornicol Phenolic C,1H360, 320 38.529 2.38
17 Vitamin E Tocopherol Phenolic Cy9H500, 430 40.529 14.29
18 Stigmasta-7-22-dien-3-ol Terpenoids Co9Hyg0 412 43.33 8.81
19 44, 6, 6a, 6b, 8, 8a 9,10, 11,12,12a 14, 14a 14b Terpenoids C50H430 424 43992 17.14

Octadehydro-2H-picen-3-one

20 Alpha amyrin acetate Terpenoids C3,H5,0, 468 44.699 2.86
21 Lonasterol Terpenoids C30Hs500 426 45914 3.81
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Table 2
List of major compounds identified from A. elliptica leaf extract.
ID Possible compound name Class of compounds Molecular formula Mol mass Rt time %
1 Dodecamethylcyclohexasiloxane None C12H3606Si6 444 6.847 0.67
2 3-Butoxy-1,1,1,7,7,7-hexamethyl-3,5,5 None C19Hs5405Si 590 8.705 0.67
tris(trimethylsiloxy)tetrasilone
3 3,7,11,15-Tetramethyl-2-hexadecen-1-ol Fatty acid Co0H400 296 15.708 2.01
4 Pentadecanal Phenolic C,5H300 226 16.636 0.67
5 4-t-Butyl-2-[4-nitrophenyl] phenol Phenolic C,6H17NO3 271 22.14 2.01
6 4-t-Butyl-2-[4-nitrophenyl] phenol Phenolic C16H17NO3 271 24.831 16.78
7 4-t-Butyl-2-[4-nitrophenyl] phenol Phenolic C6H17NO3 271 28.677 2.01
8 4-t-Butyl-2-[4-nitrophenyl] phenol Phenolic C16H17NO3 271 31.635 2.01
9 Squalene C30Hso 410 35.469 3.36
10 Alpha tocopherol (Vitamin E) Phenolic C9H;500, 430 40.618 3.36
11 Alpha Amyrenol Phenolic C3oH500 426 44.055 23.49
12 4.4, 6, 6a, 6b, 8, 829,10, 11,12,12a 14, Terpenoids C30Hy0 424 44737 16.78
14a 14b Octadehydro-2H-picen-3-one
13 Longifolenaldehyde Terpenoids C;5H40 220 45.544 8.72
14 Lonasterol Terpenoids C30H;500 426 45.965 16.78
15 1,6,10,14,18,22-Tetracosahexaen-3-ol C3oHs500 320 38.383 0.67
2,6,10,15,19, 23-hexametyl
Table 3
Chemical composition comparison of methanol extract from seed and leaves of A. elliptica.
Phytochemical extract AS extract AL extract RT m/z
Presence % Abundance Presence % Abundance
Triangularin -) 0 (+) 2.73 12.795 283.09762
Gingerol (+) 8.04 +) 0.61 12.625 293.17563
Salicyl acyl glucuronide -) 0 (+) 0.56 3.683 313.05629
Aspidin (+) 0.61 +) 0.84 13.815 459.20997
Kampherol (+) 1.1 =) 0 7.093 285.22914
Stercuresin +) 1.21 (-) 0 12.79 284.10455

TPC value (71 £+ 0.03 GAE/mg extract dry weight) than the leaf
extract (37 £ 0.02 GAE/mg extract dry weight). A similar trend was
also noted in the flavonoid content between the extracts (Table 1);
i.e. the A. elliptica fruit has higher flavonoids content compared to
leaf extracts.

3.3. Antioxidant activity

3.3.1. DPPH radical scavenging activity

DPPH is a stable free radical which has been commonly
utilized as a measure for assessing free radical-scavenging ac-
tivities for antioxidant analysis. The free-radical scavenging

100- AF
-
g 80- - AL
5 -+ BHT
£ 604
£
X 404
I
o
a 20'

Ll Ll Ll Ll Ll 1
0 100 200 300 400 500 600
ug/mi

Figure 1. Free radical scavenging activity of A. elliptica extracts.

AF: A. elliptica fruit extract; AL: A. elliptica leaf extract; BHT: butylated
hydroxytoluene included as a positive control. Activity was measure by the
scavenging of DPPH radicals. Each value is expressed as the mean 6
standard deviation.

activities of A. elliptica extracts (fruit &leaf) are shown in
Figure 1 and Figure 2. Generally, the A. elliptica fruit extract
exhibited DPPH percentage inhibition activity with
(63.16 = 0.4%) at a concentration of 500 pg/mL with
ICs59 = 45.0 + 2.3, while the leaf extract was (58.0 £ 0.1%) at a
concentration of 500 ptg/mL and an ICs of 95.0 = 6.1. However,
there was a significant difference in ICsgy value of both extracts
in comparison to standard BHT (65.0 + 0.031) (Figure 1).

3.3.2. Metal chelating power

The metal chelating activities of A. elliptica extracts were
also evaluated (Figure 2). As expected, the fruit extract was
found to show higher chelating power [43.6 + 0.13%] with ICsq

100
- - AF
E 80 -= AL
e -+ EDTA
o 604
£
©
o 401
=
(&)
o 201
[

c‘F L) L) L) L) L) 1

0 200 400 600 800 1000 1200

pg/ml
Figure 2. Chelation power on ferrous ions of A. elliptica extracts and its
fractions.
AF: A. elliptica fruit extract; AL: A. elliptica leaf extract; EDTA: included
as a positive control.
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Table 4
Crude extracts activity of investigated plants.

Plant extract and DPPH ICs FRAP (pumol Fe Iron chelating TPC value mg Gallic Flavonoid mg
standard (pLg/ml) (D)/g) 1Csp (ULM) acid/g of extracts Quercetin/g of extract
A. elliptica fruit 120 = 2.3a 0.12 = 0.3b 17.5 = 1.1c 71 £ 1.3g 5.6 = 0.4f

A. elliptica leave 150 + 6.1a 0.16 = 0.1b 29.3 = 0.05¢ 37 + 2.2h 34 +0.2f
BHT 21.1 £ 0.031b 188.8 + 24.83c -

EDTA - - 6.3 +0.53d

Results are mean + SD of triplicate experiments. GAE: garlic acid equivalent; QE: quercetin equivalent. Means followed by the same letters are not

statistically significant.

Table 5
Antibacterial activity of A. elliptica seed and leaf crude extracts.

Inhibition diameter (mm = SD)

Extract samples S. epidermidis  S. aureus B. cereus P. multocida K. pneumonia S. pneumonia E. coli S. typhi

A. elliptica leave - - - - 9.66 = 0.31 - - -

A. elliptica fruit - - - 9.66 + 0.35 12.66 + 0.26 7.66 = 0.45 - -

Streptomycin sulfate*  20.33 £ 0.38  18.0£0.2 21.0+0.25 21.0 = 0.05 20.0 £ 0.1 22.0 £ 0.08 150+0.1 10.0+0.2
Results are mean + SD of triplicate experiments. “—” No inhibition was observed. Doses of the samples were 1 mg/mL per disc. *Positive control —

10 pg per disc.

Table 6
MIC and MBC values of A. elliptic seed and leaf extracts against

P. multicida and K. pneumoniae.

Sample MIC (mg/mL) MBC (mg/mL)
Pasteurella Klebsiella Pasteurella Klebsiella
multicida pneumoniae multicida pneumoniae
A. elliptica leaf ~ NA** 12.5 NA** 50.0
A. elliptica fruit ~ 25.0 12.5 25.0 25.0
Streptomycin* 1.95 1.95 1.95 1.95

* Doses of Streptomycin was 1 mg/ml; ** No activity observed.

of [90.0 + 1.1] compared to the leaf extract that exhibited a
lower chelating activity [27.4 + 0.13%] with ICs9 of
[90.3 + 0.05], and both extracts showed significant difference in
comparison with EDTA (Table 4). Furthermore, the chelating
activity was observed to be concentration dependent.

3.3.3. Ferric reducing antioxidant power (FRAP) assay

The transformation of Fe (III) to Fe (II)-reducing activity in
the methanol extracts of A. elliptica is presented in Table 4. Both
leaf and fruit extracts of A. elliptica demonstrated some level of
reducing power, achieving FRAP values of 0.12 and 0.16 pM
Fe(I)/g, respectively.

3.4. Antibacterial activity of the extract

In vitro antibacterial activity of the extracts was studied
against clinically-important Gram-negative and Gram-positive
strains of bacterial pathogens as presented in Table 5. The leaf
and fruit extracts of A. elliptica both displayed promising anti-
microbial activities which could be useful against representative
strains (Table 5). A. elliptica fruit extract in particular displayed
an activity comparable to that of streptomycin, and A. elliptica
leaf extract followed closely. The antibacterial activities of both
extracts of A. elliptica are reported here for the first time.

Generally, both extracts showed better antibacterial activities
against Gram-negative than Gram-positive strains. The most
susceptible strains toward A. elliptica extracts were shown to be
P. multicida, K. pneumonia, and S. pneumonia (Table 5).

The observed MIC value for A. elliptica leaf extract was
12.5 pg/mL for K. pneumonia. MIC values for A. elliptica
fruit extract were found to be 25 pg/mL and 12.5 pg/mL for
Pasteuralla multicida and K. pneumonia, respectively. The
MIC values obtained values suggested that the leaf extracts
was less effective compared to the fruit extracts of A. elliptica
(Table 6).

4. Discussions

Total phenolic and flavonoid contents of the methanolic extracts
of the leaf and fruit of A. elliptica were evaluated. Phenolic and
flavonoid compounds are commonly reported in plants and they are
known to exert various biological activities, including antioxidant
activity [20.21] as well as possess antibacterial properties [22.23].
Thus, the antioxidant and antibacterial activities of both leaf and
fruit extracts of A. elliptica may be attributed to their high
phenolic and flavonoid contents. Earlier studies have confirmed
that some of the identified compounds in A. elliptica fruit extract
indeed possess antioxidant activities [24]. Other reports have
shown that alpha tocopherol, hexadecanoic acid and kaempferol
exert antioxidant and antibacterial effects against a broad
spectrum of microorganisms [25-28].

Several studies have reported a strong and significant corre-
lation between the scavenging activity and total phenolic com-
pound, as well as the flavonoid content and its significant
contribution toward the total antioxidant activity [211. The ability
to reduce Fe (III) may be ascribed to the hydrogen donation of
the phenolic compound [29], which is somehow associated to
the presence of a reducing agent [30].

In addition, the antioxidant activity is governed by the position
as well as the number of hydroxyl group of phenolic compounds
[31,32]. The minimal bactericidal concentration (MBC) was also
determined in comparison with the corresponding MIC values.
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These results are of enormous value mainly in the case of bacteria
well-known for their resistance to various antibiotics such as in the
case of S. aureus and K. pneumonia. Moreover, this organism has
the ability to secrete different types of enterotoxins that might lead
to septicaemia. In a nutshell, the antibacterial activity of the ex-
tracts could be attributed to the presence of phenolic and flavonoid
content [33.34].

Our study clearly supports the view that medicinal plants are
a great source of potential antioxidants and may be used as safe
and potent natural antibacterial and antioxidant agents in the
treatment of Gram-negative bacteria as well as in the pharma-
ceutical and food industries. Total phenolic content in the fruit
part extract was found to be higher in quantity compared to that
of the leaf extract. Further research is needed on the use of
A. elliptica extract as a preservative agent in various foods. The
results are promising and strongly encourage the use of
A. elliptica leaf and fruit as medicinal, nutraceutical application
and functional food due to their antioxidant and antibacterial
properties. To the best of our knowledge and understanding, this
is the first report on the antibacterial and antioxidant activities of
both extracts of A. elliptica.
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