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Six types of table salad (ulam) namely Mentha arvensis (mint), Lactuca sativa var capitata (cabbage
lettuce), Psophocarpus tetragonolobus (winged bean), Pluchea indica Less. (beluntas), Premna
cordifolia (bebuas) and Limnocharis flava L. buchenau (yellow velvetleaf) were investigated for their
antimicrobial and radical scavenging activities. In addition, total phenolic content (TPC) test was also
carried out for the six plants. All the plants were extracted successively with dichloromethane (DCM)
and ethanol (EtOH). The results showed that the DCM and EtOH extracts of L. flava displayed good
antimicrobial activity against Pseudomonas aeruginosa, Staphylococcus aureus and Streptococcus
pyogenes. The EtOH extract of this plant was the only one that showed inhibition against Candida
albicans. P. tetragonolobus had the highest scavenging activity in both extracts, while the ethanolic
extract of P. indica showed the highest phenolic contents (56.287 ug/mg). The total phenolic contents of
the extracts ranged from 56.287 to 46.461 pg/mg gallic acid equivalents (GAE/g dry extract). The results
showed that some table salads (ulam) possess antimicrobial and antioxidant activities and therefore,

could be used as a natural preservative ingredient in food and/or pharmaceutical industries.
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INTRODUCTION

Ulam is a Malaysian term for table salad which refers to
any vegetable that is eaten raw. Malaysians usually eat
ulam because of their therapeutic effect. Some Malaysian
ulam are used to cure cough, fever, flu and headache.
Numerous studies have been reported on the antioxidant
and antimicrobial activities of plant extracts against
different types of microbes, including food-borne
pathogens (Beuchat, 1994; Lis-Balchin and Deans, 1997;
Smith-Palmer et al., 1998; Hara-Kudo et al., 2004).

The exploration of naturally-occurring antimicrobial food
preservation receive increasing attention due to
consumer awareness of natural food products and a
growing concern of microbial resistance towards con-
ventional preservatives (Gould, 1995). Nowadays, con-
sumers are also concerned about the safety of foods that
contain synthetic preservatives. Therefore, there has
been increasing interest in the development of new types

*Corresponding author. E-mail: noriz118@salam.uitm.edu.my.
Tel: +603 5544 4619. Fax: +603 5544 4562.

of effective and nontoxic natural antioxidant and anti-
microbial compounds (Smid and Gorris, 1999).
Traditionally, Mentha arvensis is used to expel gas
from the digestive system, induce sweating, assist the
flow of menstrual fluid, promote milk secretion and relieve
fever (Wan, 2007), while aqueous extract of the leaves
and roots of Premna cordifolia can reduce fever and
asthma and the young leaves can stimulate milk
production in lactating mothers (Mat, 2008). In Malaysia,
young leaves of Pluchea indica are taken as salad to
increase appetite, ease digestion and reduce stomach
ache (Wan, 2007). A decoction of Lactuca sativa leaves
is taken as a diuretic, stomachic to treat bladder
problems, constipation, coughs, kidney ailments, urinary
problems and used as lotion to treat eye inflammation
(Ong, 2008). Phosphocarpus tetragonolobus pods are
considered roborant (Stopp, 1962); the leaves and seeds
are eaten to cure skin sores such as boils and ulcers
(Perry, 1980). Continuing our investigation for the search
of bioactive plants of Malaysia (Ahmat et al., 2010) we
report, another study that evaluated the in-vitro anti-
microbial and antioxidant activities of six Malaysian ulam



which are Mentha arvensis (mint), L. sativa var capitata
(lettuce), P. tetragonolobus (winged bean), P. indica
(beluntas), P. cordifolia (bebuas) and Limnocharis flava
(yellow velvetleaf).

MATERIALS AND METHODS
Plant materials and extraction

Mentha arvensis (mint), L. sativa var capitata (cabbage lettuce) and
P. tetragonolobus (winged bean) were collected from Shah Alam,
Selangor, Malaysia, while P. indica L. (beluntas), P. cordifolia
(bebuas) and L. flava L. buchenau (paku rawan) were obtained
from Taiping, Perak, Malaysia. Successive extractions were carried
out in dichloromethane (DCM) and ethanol (EtOH). The dry
powdered samples (10 g) were macerated with dichloromethane
(500ml) for two days. The solvent was then evaporated using the
rotary evaporator. This process was repeated for five times. The
samples were re-extracted with ethanol (500 ml) for two days and
dried in the same manner.

Microorganisms and culture

The extracts were tested against four bacteria namely Escherichia
coli,  Staphylococcus  aureus, Pseudomonas aeruginosa,
Streptococcus pyogenes and a yeast Candida albicans. 20 g of
nutrient agar powder was dissolved in 1 L of distilled water while 39
g of potatodextrose agar was dissolved in 1 L distilled water. The
mixtures were sterilized by autoclaving for 15 min at 121°C and
pressure 15 Psi. After sterilization, the agar was poured in sterile
Petri dishes. To ensure nothing was grown on the agar, the Petri
dishes were left for 3 days before used. The strains were cultured
on nutrient agar (NA) for bacteria and on potato dextrose agar
(PDA) for yeast. Bacteria strains were incubated at 37°C for 24 h
and yeast for 48 h.

Antimicrobial activity by disc diffusion assay

The method of disc diffusion was employed for the determination of
antimicrobial activity of the six Malaysian ulam extracts. All extracts
were dissolved in their solvents (DCM or EtOH) to a final
concentration of 1, 5, 10, 20 and 30 mg/ml. For example, to prepare
30 mg/ml concentration, 300 mg of extract was dissolved in 10 ml of
the solvent (either dichloromethane or ethanol). Each dissolved
extracts were sterilized by filtration with 0.22 pm Millipore filters.
Antimicrobial tests were then carried out by disc diffusion method
(Murray et al., 1995) using the suspension containing 10% CFU ml”
bacteria, 10° CFU ml”" and yeast obtained from a 0.5 McFarland
turbidity standard spread on nutrient agar (NA) or potato dextrose
agar (PDA), respectively. The suspension was standardised by
adjusting the optical density to 0.1 at 600 nm (SHIMADZU UV-120-
01 spectrophotometer). The discs (6 mm in diameter) were
impregnated with 50 pl of five different concentrations of extracts
and placed on the inoculated agar. Ethanol acted as the negative
control for ethanol extracts while dichloromethane acted as the
negative control for dichloromethane extracts. Streptomycin (0.02
g/ml) was used as the positive control to determine the sensitivity of
each bacterial species tested. Cycloheximide (100 mg/ml) was used
as the positive control for yeast. The inoculated plates were
incubated at 37°C for 24 h for bacteria and 48 h for yeast.
Antimicrobial activity was evaluated by measuring the zones of
inhibition against the test organisms.
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Total phenolic contents

The amount of total phenolic contents (TPC) in the extracts was
determined according to the Folin-Ciocalteu method. About 0.01 g
of gallic acid was prepared in 100 ml volumetric flask and marked
up with distilled water (stock solution). Gallic acid standard solution
with concentrations of 0.0, 5.0, 10.0, 20.0, 30.0 and 50.0 ppm was
prepared.

Sample preparation

Each prepared standard solution was poured into a 10 ml
volumetric flask, 1.5 ml of Folin-Ciocalteu reagent was added and
allowed to stand at room temperature for 3 to 8 min. 1.5 ml of
Na>COjs solution was added, shaken and allowed to stand for 2 h at
room temperature. Absorbance at 760 nm was measured after the
reading was auto zeroed with the blank solution.

About 0.01 g each of plant extracts was dissolved in 2 ml
solvent. The plant extract (0.01 ml) was mixed with 2.5 ml Folin-
Ciocalteu reagent (diluted 10 times with water) and incubated at
room temperature for 3 min followed by the addition of 2 ml of
Na,COs (75 ¢/l) to the mixture. The sample was incubated for 2 h
before total polyphenols was determined. For the control sample,
0.5 ml of the distilled water was used. The absorbance was
measured at 760 nm. The results were expressed in milligram of
gallic acid per 100 g dry matter (mg GA / 100 g Dwt) or in milligram
of gallic acid per 100 g of fresh weight (mg GA / 100 g Fwt).

The content of phenolic compounds in the sample extract was
determined from the regression equation of calibration curve of a
standard gallic acid:

Y = 0.013x + 0.058, R*=0.999

Free radical scavenging activity

The DPPH radical-scavenging activity was determined by using the
method proposed by Yamaguchi et al. (1998) with some
modification. The positive control was prepared by adding 4 ml of
quercetin (0.05 mg/ml) to 1 ml of DPPH (0.4 mg/ml), whereas the
negative control was prepared by each solvents used and 1 ml of
DPPH solution. The radicals’ stock solution was prepared fresh
daily. The DPPH solution (1 ml) was added to 3 ml of polyphenol
extracts with different concentrations (200, 400, 600, 800, 1000 and
1200 ppm). The mixture was shaken vigorously and allowed to
stand at room temperature in the dark for 10 min. The decrease in
absorbance of the resulting solution was monitored at 517 nm for
10 min. Lower absorbance of the reaction mixture indicates higher
free radical-scavenging activity. Radical scavenging activity is
expressed as the inhibition percentage (IP) and was calculated as
follows:

IP = (A control- A sample) X 100%

A control

The decolouration was plotted against the sample extract
concentration and a logarithmic regression curve was established in
order to calculated the ICso (inhibitory concentration 50), which is
the amount of sample extract concentration necessary to decrease
by 50% the absorbance of DPPH.

RESULTS
Antimicrobial activity

Six types of ulam typically eaten by Malaysians have
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Figure 1. Radical scavenging activity of dichloromethane extract of the six

Malaysian’s ‘Ulam’.

been investigated for the presence of antimicrobial
activity. Each plant was extracted with dichloromethane
(DCM) and ethanol (EtOH) successively (Figures 1 and
2).
The DCM extracts of the six plants were found to show
selective inhibition against the bacteria as shown in Table
1. Limnocharis flava L. buchenau dichloromethane
extract (LFDE) was found to inhibit skin pathogen
microbes such as S. aureus, P. aeruginosa and S.
pyogenes. The zones of inhibition were not dependent on
the concentration of extract. Inhibition of LFDE at 5 mg/ml
against S. pyogenes was comparable to streptomycin
(positive control) and showed moderate inhibition against
S. pyogenes even at low concentration of 1 mg/ml.
Mentha arvensis dichloromethane extract (MADE) and
Lactuca sativa var capitata dichloromethane extract
(LSDE) displayed weak inhibition against P. aeruginosa
at all concentrations. It is probably because maximum
inhibition was achieved that led to non-increase of the
inhibition even though higher concentration was applied.
All DCM plant extracts did not display any inhibition
against E. coli and yeast C. albicans.

The inhibition of EtOH extracts of the six ulam are
displayed in Table 2. Limnocharis flava L. buchenau
ethanol extract (LFEE) was able to weakly inhibit the
three types of bacteria namely S. aureus, P. aeruginosa,
S. pyogenes and a yeast C. albicans at higher concen-
trations of 20 and 30 mg/ml. Premna cordifolia ethanol
extract (PCEE) displayed weak inhibition against three
microbes; S. aureus, P. aeruginosa and S. pyogenes.
Mentha arvensis ethanol extract (MAEE) selectively
inhibited P. aeruginosa at all concentrations, while
Psophocarpus tetragonolobus ethanol extract (PTEE)
selectively inhibited S. aureus weakly at 20 and 30 mg/ml.

Total phenolic contents

The antioxidant activity of vegetable extracts has been
correlated to their content of phenolic components
(Velioglu et al.,1998) due to their property of scavenging
free radicals. Therefore, it is important to consider the
effect of the total phenolic quantity in the antioxidant
activity of some selected Malaysian ‘ulam’ extracts. The
TPC was expressed in equivalent of gallic acid (ug/mg of
extract) and the results for the plant extracts are
presented in Table 3.

Based on the data collected, plants extracted in EtOH

gave higher and persistant results compared to those
extracted with DCM. This behavior is probably due to the
EtOH capacity to solubilize flavonoid components from
the samples; substances detected by the Folin-Ciocalteu
method. P. indica gave a higher value among the other
samples (56.287 ug/mg), followed by P. tetragonolobus
(42.760 pg/mg), L. sativa (40.717 pg/mg), M. arvensis
(39.648 ug/mgq), and P. cordifolia (16.370 pg/mgq). L. flava
showed the lowest content of phenolic compounds
(15.210 pg/mg).
Furthermore, in DCM extract, the higher value of TPC
was obtained by L. flava (51.307 pug/mg), followed by L.
sativa (23.923 ug/mg), M. arvensis (17.307 pg/mg), P.
tetragonolobus (9.123 pg/mg) and P. indica (7.0769
ug/mg). P. cordifolia gave the lowest value which was
4.6461 ug/mg.

DPPH radical scavenging activity

The results showed that P. tetragonolobus exhibited the
highest radical scavenging activity compared to the other
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Table 1. Zone of inhibition of the dichloromethane extracts of Malaysian Ulams against bacteria and yeast.

Microorganisms  Dosage Mentha Lactuca Psophocarpus  Pluche Premna  Limnocharis
(mg/ml)  arvensis sativavar tetragonolobus a indica cordifolia flava L.
(MADE) capitata (PTDE) (PIDE) (PCDE) buchenau
(LSDE) (LFDE)
Inhibition (mm)
E. coli 30 - - - - - -
20 - - - - - -
10 - - - - - -
5 - - - - - -
1 - - - - - -
Positive 18 18 18 18 18 18
control
S. aureus 30 - 8+0.62 - - - 8+0.58
20 - 11+1.00 - - - 11£0.58
10 - 11+1.53 - - - 10£0.00
5 - - - - - 10+1.54
1 - 11+0.58 - - - 9+0.58
Positive 18 18 18 18 18 18
control
P. aeruginosa 30 6+0.00 - - - 8+1.00
20 6+0.00 - - - 8+0.58
10 6+0.00 - - - 7+1.00
5 6+0.00 - - 9 6+0.00
1 6+0.00 - - - 6+0.00
Positive 18 18 18 18 18 18
control
S. pyogenes 30 - - - - - 9+0.58
20 - - - - - 9+2.20
10 - - - - - -
5 - - - - - 14+2.02
1 - - - - - 12+2.00
Positive 14 14 14 14 14 14
control
C. albicans 30 - - - - - -
20 - - - - - -
10 - - - - - -
5 - - - - - -
1 - - - - - -
Positive 18 18 18 18 18 18
control

Zone of inhibition: 15 — 20 mm: strong inhibition
- : No inhibition

, 10 — 14 mm: moderate inhibition, 0 — 9 mm

: weak inhibition

Data are: zone of inhibition + standard deviation of triplicate readings.

plants. It can be seen in Figure 2 that PTDE and PTEE
possessed higher percentage of radical scavenging
activity compared to the other extracts. PTDE showed
high scavenging activity at 600 and 800 ppm, while PTEE
showed high scavenging activity at 1000 ppm. At these
points, the scavenging activity of these extracts was just
slightly less than the positive control, quercetin which
supported the claim by Mustafa et al. (2010) that P.

tetragonolobus methanol extract contains a high amount
of quercetin.

M. arvensis displayed good scavenging activity in
ethanol and DCM extracts at 200 ppm with 79.4 and
75.8% scavenging activity, respectively. L. sativa showed
moderate scavenging activity where the LSDE and LSEE
were just around 40 to 55%. P. indica dichloromethane
extract (PIDE) showed good scavenging activity at 400
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Table 2: Zone of inhibition of the ethanol extracts of Malaysian ulams against bacteria and yeast.

Microorganisms Dosage Mentha Lactuca Psophocarpus Pluchea  Premna  Limnocharis
(mg/ml) arvensis sativavar tetragonolobus indica cordifolia flava L.
(MAEE) capitata (PTEE) (PIEE) (PCEE) buchenau
(LSEE) (LFEE)
Inhibition (mm)
E. coli 30 - - - - - -
20 - - - - - -
10 - - - - - -
5 - - - - - -
1 - - - - - -
Positive 18 18 18 18 18 18
control
S. aureus 30 - - 8+0.58 - 6+0.58 7+0.58
20 - - 7+1.00 - 7+0.58 6+0.58
10 3 . - - 6+0.58 -
5 - - - - - -
1 - - - - - -
Positive 18 18 18 18 18 18
control
P. aeruginosa 30 8+0.58 - - 11£2.02  9+1.00 9+0.58
20 9+1.00 - - 8+1.15 7+0.58 9+0.58
10 9+0.58 - - - 6+1.00 -
5 9+0.58 - - - - -
1 7+0.58 - - - - -
Positive  18+0.58 18 18 18 18 18
control
S. pyogenes 30 - 6+0.00 - 6+0.00 6+0.00 6+0.00
20 - - - 6+0.00 6+0.00 6+0.00
10 - - - 6+0.00 - -
5 - - - - - -
1 - - - - - -
Positive 14 14 14 14 14 14
control
C. albicans 30 - - - - - 6+0.58
20 - - - - - 6+0.58
10 - - - - - -
5 - - - - - -
1 - - - - - -
Positive 18 18 18 18m 18 18
control

Zone of inhibition: 15 — 20 mm: strong inhibition
- : No inhibition

, 10 — 14 mm: moderate inhibition, 0 —9 mm : weak inhibition

Data are: zone of inhibition + standard deviation of triplicate readings.

ppm (78.4%), but PIEE was a poor radical scavenger DISCUSSION

with activity below 30% at all concentrations. Premna

cordifolia (PCDE) also exhibited good scavenging activity Antimicrobial activity

at 400 ppm, while PCEE showed moderate activity at all

concentrations, in the range of 30 to 60%. L. flava Based on the results, DCM extracts and EtOH extracts
showed different patterns of activity compared to other gave different pattern of activity. In the DCM extract, P.
plant extracts in which it exhibited better scavenging indica did not inhibit the bacteria compared to EtOH
activity with increasing concentration.

extract; P. indica can inhibit S. pyogenes and P.
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Table 3. Total phenolic content of six selected table salad in DCM and

EtOH.
Sample TPC in DCM TPC in EtOH
(ng/mg) (ng/mg)

M. arvensis 17.31 £0.01 39.65+0.10
L. sativa 23.92+0.03 40.72+0.12
P. tetragonolobus 9.12 +0.04 42.76 £ 0.11
P. cordifolia 4.65 +0.07 16.37 £0.15
P. indica 7.08 +0.02 56.29 + 0.08
L. flava 51.31 +0.03 15.21+ 0.08

Data are + standard deviation of triplicate readings.
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Figure 2. Radical scavenging activity of ethanolic extracts of the six Malaysians ‘Ulam’

aeruginosa. Sittiwet (2009) reported that P. indica
aqueous extract possess antimicrobial activity against E.
coli at 25 to 100 mg/ml and K. pneumoniae at 50 to 100
mg/ml. However, our ethanol extract of this plant did not
inhibit E. coli, but was able to inhibit skin pathogen micro
organism namely P. aeruginosa (moderate inhibition) and
S. pyogenes (weak inhibition). The difference in activity
between the two studies may be due to the different
solvent used in the extraction as well as soil and weather
conditions of the plant origin. It is also well established
that solvents with different polarity will extract compounds
similar to its polarity. This is supported by Freiburghans
(1996) that different solvent extracts of the same plant
may exhibit different pharmacological properties.

E. coli, S. aureus, P. aeruginosa, S. pyogenes and C.
albicans strains exhibited varying sensitivities to the 12
extracts studied. Among the five microorganisms tested,
P. aeruginosa was the most sensitive, while E. coli was
the most resistant. E. coli was also reported resistant
against  Orthosiphon stamineus Benth. and C.
macropodium extracts (Ho et al., 2010; Ebrahimadi et al.,
2010), but sensitive to the essential oil of Chaerophyllum

macropodum and Zataria multiflora (Ebrahimadi et al.,
2010; Sharififar et al., 2007).

Bushra and Ganga (2003) stated that when solvents
like ethanol, hexane and methanol are used to extract
plants, most of them are found able to exhibit inhibitory
effect on Gram-positive and Gram-negative bacteria.
Nearly all of the identified compounds from plants that
are active against microorganisms are aromatic or
saturated organic compounds, which are mostly obtained
through ethanolic or methanolic extraction (Nostro et al.,
2000). It was clearly demonstrated in this study, that a
plant can give different antimicrobial profiles when extrac-
ted by different solvents. This may possibly be due to the
different active compounds extracted in different solvents.
Antibacterial effects of PCEE, LFDE and LFEE on S.
aureus, S. pyogenes and P. aeruginosa showed that the
plants can be used in the treatment of gastrointestinal
infection in man and skin diseases as suggested by
Roggers et al. (1990). These extracts can also be used in
the treatment of boils, sores and wounds, since S. aureus
and P. aeruginosa have been implicated as causative
agents of these diseases (Braude, 1982).
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Latha et al. (2007) stated that P. tetragonolobus etha-
nolic extract can inhibit S. aureus, E. coli, P. aeruginosa
and C. albicans but at a higher concentration than the
concentration applied in this study. This suggests
that inhibition might occur at higher concentrations.
However, only LFEE was found to be able to inhibit C.
albicans growth and none of the plant extracts was able
to inhibit the growth of E. coli.

Correlation between total phenolic content and free
radical scavenging activity

The correlation between the total content of phenolics
and the antioxidant capacity were studied by many
authors. Several studies established a linear correlation
between the total content of phenolics and the antioxidant
capacity (Cai et al., 2004) whereas, some studies
reported that there was no correlation (Yu et al., 2002).
Based on this study, we found that there was no
correlation between phenolic content of the ulam extracts
with their antioxidant activity. P. indica ethanolic extract
had the highest phenolic contents but poor radical
scavenging activity, while the dichloromethane extract of
P. tetragonolobus on the other hand, had low phenolic
content but exhibited good antioxidant activity. A lot of
reports declared that organic solvents either used in
single or mixed forms especially polar ones are most
preferable for extraction of biologically active plant
ingredients (De Pasquale et al.,, 1995: Ferrero et al.,
2007).

Methanol and ethanol are reported as efficient
extracting solvents for saponins and sterols (De Pasquale
et al., 1995: Hui et al., 2007), alkaloids (lvanovska et al.,
1996), polyphenols (Ferrero et al., 2007) and terpenoids
(Taylor et al., 1996), while DCM is efficient in terpenoids
extraction (Mendoza et al., 1997: Cowan, 1999).

Conclusion

In conclusion, a plant displays different antimicrobial and
antioxidant profiles when extracted in different solvents.
Of all the six plants tested, L. flava L. buchenau was able
to inhibit moderately and weakly three bacteria; S.
aureus, P. aeruginosa and S. pyogenes. Furthermore,
only this plant could inhibit the growth of C. albicans. As
for the radical scavenging activity, P. tetragonolobus
showed the best activity among all the extracts. This
study showed that the six investigated ulam normally
eaten by the Malaysians contain antimicrobial and
antioxidant properties. These ulam can also be uses as
antioxidant and antimicrobial agents in the development
of drugs of therapy for infection diseases especially skin
diseases since most of the extracts could inhibit skin
pathogens.

ACKNOWLEDGEMENTS

The authors would like to thank the Faculty of Applied
Sciences, Universiti Teknologi MARA, Malaysia for the
financial support of this work. One of the authors’
scholarship was financed by the National Science
Fellowship (NSF), Ministry of Science, Technology and
Innovation (MOSTI).

REFERENCES

Ahmat N, Nik Azmin NF., Ab Ghani N., Sharipah Ruzaina SA., Norrizah
JS., Abdullah S, Jasmani H (2010). Bioactive xanthone from the
pericarp of Garcinia mangostana. Middle East J. Sci. Res. 6(2):123-
127.

Beuchat LR (1994). Antimicrobial properties of spices and their
essential oils. In: Dillon YM, Board RG. (Eds.). Natural Antimicrobial
Systems and Food Preservation. CAB International, Oxon, pp. 167-
179.

Braude Al (1982). Microbiol. W. B. Sauders Company, London.

Bushra NR, Ganga (2003). Antibacterial activity of selected seaweeds
from Kovalamsouth West coast of India. Asi. J. Microbiol. Biotechnol.
Environ. Sci. 5(3): 319-322.

Cai YZ, Luo Q, Sun M, Corke H (2004). Antioxidant activity and
phenolic compounds of 112 traditional Chinese medicinal plants
associated with anticancer. Life Sci. 74: 2157-2184.

Cowan MM (1999). Plant product as antimicrobial agents. Clin.
Microbiol. Rev. 12(4): 564-566.

De Pasquale R, Germano MP, Keita A, Sanogo R, Lauk L (1995).
Antiulcer activity of Pteleopsis suberosa. J. Ethnopharmacol., 47 (1):
55-58.

Ebrahimadi AH, Bidgoli ZD, Mazoochi A, Kashi FJ, Batooli H (2010).
Essentials oils composition, antioxidant and antimicrobial activity of
the leaves and flowers of Chaerophyllum macropodum Boiss. Food
Control, 21: 1173-1178.

Ferrero A, Meniti A, Bras C, Zanetti N (2007). Acute and subacute
toxicity evaluation of ethanolic extract from fruits of Schinus molle in
rats. J. Ethnopharmacol. 113(3): 441-447.

Freiburghans F, Kaminsky R, Nkana MHN, Brun R (1996). Evaluation of
African Medicinal Plants for their in vitro trypanosidal activity. J.
Ethnopharmacol. 55: 1-11.

Gould GW (1995). Homeostatic mechanisms during food preservation
by combined methods. In Barbosa-Canovas G & Welti-Chanes J
(Eds.). Food preservation by moisture control. Lancaster: Techromic
Publishing Co. Inc.

Hara-Kudo Y, Kobayashi A, Sugita-Konishi Y, Kondo K (2004).
Antibacterial activity of plants used in cooking for aroma and taste. J.
Food Prot. 67: 2820-2824.

Ho C, Ismail N, Shaida FS, Ahmad R (2010). In vitro antibacterial and
antioxidant activities of Orthosiphon stamineus Benth. extracts
against food-borne bacteria. Food Chem. 122(4): 1168-1172.

Hui ME, Cheng EH, Radhakrishnan AK (2007). Anti-Proliferative and
mutagenic activities of aqueous and methanol extracts of leaves from
Pereskia bleo (Kunth) DC (Cactacea). J. Ethnopharmacol. 113 (3):
448-456.

Ivanovska N, Philipov S, Istatkova R, Georgieva P (1996). Antimicrobial
and immunological activity of ethanol extracts and fractions from
Isopyrum thalictroides. J. Ethnopharmacol. 54(2): 143-151.

Latha LY, Sasidharan S, Zuraini Z, Suryani S, Shirley L, Sangetha S,
Davaselvi M (2007). Antimicrobial activities and toxicity of crude
extract of the Psophocarpustetragonolobus pods. Afr. J. Tradid.
Compl. Alt. Med. 4(1): 59-63.

Lis-Balchin M, Deans SG (1997). Bioactivity of selected plant essential
oils against Listeria monocytogenes. J. Appl. Microbiol. 82: 759-762.
Mat Ali (2008). Analysis of Phenolics and Other Phytochemicals in
Selected Malaysian Traditional Vegetables and Their Activities In

Vitro. Ph.D. Thesis. University of Glasgow. p. 231.



Mendoza L, Wilkens M, Urzua A (1997). Antimicrobial study of the
resinious exudates of diterpenoids and flavonoids isolated from some
Chilean Pseudognahalium(Asteracea). J. Ethnopharmacol. 58(2):85-
88.

Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolke RH (1995).
Manual of clinical microbiology (6th ed.). Washington, DC: ASM.

Mustafa RA, Abdul Hamid A, Mohamed S, Abu Bakar F (2010). Total
phenolic compounds, flavonoids, and radical scavenging activity of
21 selected tropical plants. J. Food Sci. 75(1): 28-35.

Nostro A, Germano MP, D’Angelo V, Marino A, Cannatelli MA (2000).
Extraction methods and bioautography for evaluation of medicinal
plant antimicrobial activity. Lett. Appl. Microbiol. 30: 379-384.

Ong (2008). Vegetables For Health And Healing. Utusan Publication
and Distributor: 120: 130-192.

Perry LM (1980). Medicinal Plants of East and Southeast Asia. The MIT
Press, Cambridge, USA. p. 231.

Roggers YS, John LI, Mark LW (1990). General Microbiology, 5th ed.
Macmillan education Ltd. London, pp. 626-642.

Sharififar F, Moshafi MH, Mansouri SH, Khodashenas M, Khoshnoodi M
(2007). In vitro evaluation of antibacterial and antioxidant activities of
the essential oil and methanol extract of endemic Zataria multiflora
Boiss. Food Control, 18(7): 800-805.

Sittiwet (2009). In Vitro Antimicrobial Activity of Pluchea indica Aqueous
Extract: The Potential for Urinary Tract Infection Treatment. J.
Pharmacol. Toxicol. 4(2): 87-90.

Smid EJ, Gorris LGM (1999). Natural antimicrobials for food
preservation. In: Rahman MS (Ed.). Handbook of Food Preservation.
Marcel Dekker, New York. pp. 285-308.

Smith-Palmer A, Stewart J, Fyfe L (1998). Antimicrobial properties of
plant essential oils and essences against five important food-borne
pathogens. Lett. Appl. Microbiol. 26(2): 118-122.

Stopp K (1962). The medicinal used by the Mt. Hagen people
(mbowamb) in New Guinea. Eco. Bot. 17: 16-22.

Mohd Nazri et al. 5735

Taylor RSL, Edel F, Manandhar NP, Towers GHN (1996). Antiviral
activities of Nepalese medicinal plants. J. Ethnopharmacol. 52(3):
157-163.

Velioglu YS, Mazza G, Gao L, Oomah BD (1998). Antioxidant activity
and total phenolics in selected fruits, vegetables, and grain products.
J. Agric. Food Chem. 46: 4113-4117.

Wan Embong (2007). Healing herbs of Malaysia. Federal Land
Development Authority (FELDA), 28: p. 68.

Yamaguchi T, Takamura H, Teroba J (1998). HPLC method for
evaluation of the free-radical scavenging activity of food by using 1,
1-Diphenyl-2-picrylhydrazyl. Biol. Sci. Biotechnol. Biochem. 62: 1201-
1204.

Yu L, Haley S, Perret J, Harris M, Wilson J, Qian M (2002). Free radical
scavenging properties of wheat extracts, J. Agric. Food Chem. 50:
1619-1624.



