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Bacterial resistance is rapidly emerging worldwide and endangering the efficacy of commercial antibiotics. Scientific
interventions are greatly needed to find out natural sources which can be used to manage antibiotic resistance crisis. Traditional
healers from the Borneo were directly interviewed for selecting ethnomedicinal flora and antibacterial action of identified plant
species were explored. Plant extracts were obtained by four different extraction techniques viz. grinding with 95% ethanol,
decoction (boiling), cold infusion and blending, and were tested against multi-resistant bacterial species (Bacillus cereus,
Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli) through two bioassays viz. agar well diffusion and
disc diffusion methods. The results revealed that 19 plant species out of 35 exhibited antimicrobial activity against B. cereus
and S. aureus while 15 showed activities against P. aeruginosa and E. coli. Among all plants, Anacardium occidentale extract
made by decoction method depicted a maximum zone of inhibition (2.0 cm) against P. aeruginosa in both disc diffusion and
well diffusion techniques. However, the zone of inhibition against P. aeruginosa recorded with five commercial antibiotics
i.e., Erythromycin, Ceftriaxone, Streptomycin, Amoxicillin and Penicillin was 0, 1.6, 0.4, 0 and 0.2 cm, respectively. Thus,
Anacardium occidentale can represent a natural alternative against this multi-resistant bacterial strain. Our study also verified
that some tropical plant extracts have the potential to cure important bacterial infections and need further investigation for
proper drug development, medication, and administration from the perspectives of safety, efficacy and pharmacoeconomics.
Keywords: Plant extracts, commercial antibiotics, bacteria, extraction techniques, bioassays, natural bioactive.

List of abbreviations: Bc = Bacillus cereus, Eci = Escherichia coli, Pa = Pseudomonas aeruginosa, Sa = Staphylococcus
aureus, RIPAS Hospital = Raja Isteri Pengiran Anak Saleha Hospital, g = gram, °C = Celsius/Centigrade, mL = milliliter, uL
= microliters, h = hour, MHA= Mueller Hinton Agar, + = antimicrobial properties present, - = antimicrobial properties absent,
GE = Grinding with ethanol, DC = Decoction, ClI = Cold infusion

INTRODUCTION metabolites manufactured by uncountable organisms (Valli et
al., 2012). Brunei Darussalam is blessed with a rich source of
The previous three decades were the era of extensive natural tropical evergreen vegetation; however, the
discoveries about new drugs based upon natural products. The  exploitation of this extremely important resource for various
diverse range of molecules found in medicinal plants leads to  purposes is less than in most other countries of the world. The
the discovery and development of these drugs (Anand et al.,  rich biodiversity of the region could provide an unlimited
2019). Despite huge data about number of medicinal plants  supply of bioactive products that can be identified by
that yet have been discovered from tropical and equatorial employing a combination of biochemical and modern
zones of earth, biodiversity is still a hidden treasure that  biological techniques (Abadalla et al., 2014).
further needs to be discovered in terms of secondary
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Despite the provision of free health care services in Brunei
Darussalam, the use of traditional herbal medicines in the
country is more as compared to other pharmaceutical drugs
(Nurolaini et al., 2014). Moreover, the ill effects of allopathic
medicine and growing antibiotic resistance call for an
investigation into unexplored treasures of this region. That is
why, research interest in identifying and developing natural
sources of antimicrobial agents has been intensified in recent
years. These types of investigations in turn involve
discovering methods related to antimicrobial activity
screening and evaluation such as disk-diffusion, well
diffusion and broth or agar dilution (Balouiri et al., 2016).
Although antimicrobial properties of indigenous plants of
Brunei Darussalam have been previously reported but they
have not been systematically investigated so that meaningful
conclusions can be drawn (David et al. 2017).

Naturally occurring antimicrobials are in great demand
worldwide and are considered safe for the environment as
compared to chemically synthesized products. Still, people
are using plant species as traditional medicine for the
treatment of infectious diseases but there has been a paucity
in data regarding their in vivo and in vitro efficiency
(Manandhar et al., 2019). Consequently, search for effective
microbicidal and micro-biostatic substances of plant origin,
aimed at discovering potent bioactive substances that can
serve as lead compounds for the synthesis of new
antimicrobial medicines is on the way (Vatlak et al., 2021).
Keeping in mind the above-mentioned challenges and
possible opportunities, studies were conducted to identify and
evaluate the antimicrobial activity of some ethnomedicinal
plants of Brunei Darussalam through different extraction
techniques including well diffusion and disc diffusion assays.

MATERIALS AND METHODS

Ethnomedicinal plants surveys and collection: During 2017,
extensive surveys were conducted by direct interviews of
traditional healers to identify ethnomedicinal plants of Brunei
Darussalam (Fig. 1). Based on this information, we selected
35 plant species as a potential source of drugs for different
diseases (Table 1).
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Figure 1. Map of Negara Brunei Darussalam and research
area.

The plant data (Plant botanical name, local name, family,
English/common name, medicinal uses and distribution) were
collected through questionnaires, interviews and discussion
with the traditional practitioners in two languages (Bhasa
Melayu and English). The selected plants were collected from
all four districts of Brunei Darussalam namely Tutong (Paya
Rita), Temburung (Bukit Patoi), Brunei Muara (Brunei
Agricultural Research Centre, home gardens, wastelands,
forests, roadsides and near the shore) and Kuala Belait (home
gardens, wastelands, forests, roadsides and near the shore)
and tested for their microbial properties by using agar well
diffusion and agar disc diffusion bioassay method. These
plant species were used to prepare extracts.

Preparation of plant extracts: All collected plant parts (either
leaves, shoot, root or whole bulb for specific species as
described in Table 4, 5) were dried under shade to make them
crisp. Aseptic techniques were practiced in preparing the plant
extracts. The four extraction techniques used were: grinding
with 95% ethanol, decoction (boiling), cold infusion and
blending (Bimakr et al., 2011). In the grinding technigue,
dried plant parts were cut into small pieces and mixed with 10
mL of 95% ethanol per 10 g of dried plant material to extract
their substances. A small amount of pure sterilized sand was
also added. The plant material was ground with mortar and
pestle. The plant extracts were filtered through muslin cloth
and filtrates were kept in 75 mm China dishes. The filtrates
were left overnight to evaporate and were solubilized with
sterilized distilled water. The extracts were preserved at 4°C
in sample bottles in refrigerator (BXC-V250M-11) for further
test. In the decoction (boiling) method, dried plant leaves,
roots, stems, and rhizomes were chopped into small pieces.
Distilled water (50 mL/10 g plant biomass) was added and
boiled for 30 minutes by covering with the evaporating dish.
The residues were stored at 4°C for further use. In cold
infusion method, filtrates were prepared by using leaves,
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roots, stems and rhizomes of collected plants. The fresh plant
samples (10 g) were cut into pieces. The chopped plants were
soaked in beakers containing distilled water and kept
overnight. The extracts were sieved, transferred into sample
bottles, and stored at 4°C in a refrigerator. In the blending or
paste method, the fresh plants were cut into pieces, dried and
blended into a paste. The paste was transferred into sample
bottles and stored at 4°C in a refrigerator for further use.
Bioassay methods: To check the antimicrobial effects of plant
extracts, two different methods were used which were:

Agar well diffusion: The cleaned glassware, swabs and cork
borers were sterilized and autoclaved at 121°C for 15 minutes
Bacterial strains of E. coli, S. aureus, B. cereus and P.
aeruginosa were obtained from RIPAS (Raja Isteri Pengiran
Anak Saleha) Hospital, Brunei Darussalam. The cultures of
bacteria that were used in the study were recurrently sub-
cultured and kept at 4°C. The growth medium was prepared
by adding 4.2 g of nutrient agar in 150 mL of distilled water.
The solution was heated to a clear yellow tinge. The medium
was sterilized and transferred into sterile Petri dishes (15 mm
x 150 mm) and permitted to coagulate at room temperature
(25 °C). The agar well diffusion method described by Perez
et al. (1990) was used. Cultures (0.15 mL) of the test bacteria
were prepared on agar plates by using a sterile cotton swab.
Four wells of 8 mm diameter were made on the agar of each
petri dish using a sterile cork borer. In each well, 30 pL of the
plant extract was added. The solution was allowed to spread
for 2 hours. The Petri dishes were incubated at 37°C for 24
hours. The antibacterial activity was interpreted by measuring
the diameter of the inhibition zone in cm around the well.
Agar disc diffusion: The disc diffusion method described by
Bauer et al. (1966) was also followed to test the antimicrobial
activity. The Mueller Hinton Agar (MHA) Petri dishes (15
mm x150 mm) were prepared by pouring 15 mL of molten
media as prepared in the agar well diffusion method into

sterile Petri dishes. The plates were allowed to solidify at
room temperature and 0.15 mL inoculum was swabbed to
prepare cultures of test organisms. Different extracts were
loaded by immersing 6 mm sterile disc paper into the extract.
The soaked discs were placed on the surface of the agar. The
Petri dishes were kept for incubation at 37°C for 24 hours.
After the incubation period, inhibition zones around the disc
were measured with a ruler in centimeters.

Antibiotic sensitivity test: The comparative antibiotic
sensitivity experiment was conducted by the method of Bauer
et al. (1966). Standard antibiotic discs of five commercial
antibiotics, namely Erythromycin (15 ug disc?), Ceftriaxone
(30 pg disct), Streptomycin (100 ug disc), Amoxicillin (30
ug disc) and Penicillin (5 pg disc™?) were used in the study.
The MHA Petri dishes were made by adding 15 mL of media
into sterile Petri dishes. Petri dishes were kept at room
temperature to solidify the contents and 0.15 mL inoculum
was swabbed uniformly to prepare cultures of test organisms.
The Petri dishes were kept at room temperature to dry under
strict aseptic conditions by wiping the outside of the plates
and all surrounding areas with 70% ethanol. The
antimicrobial discs were carefully placed on the surface of the
agar in Petri dishes with the help of sterile forceps. The
different extracts were loaded by immersing 9 mm sterile disc
paper into the extract. The soaked discs were placed on the
surface of the agar. The Petri dishes were incubated at 37°C
for 24 hours. After the incubation period, inhibition zones
around the disc were measured with a ruler in centimeters. All
the experiments were repeated in triplicate and data were
presented as + SD using MS Excel, 2007 software. The
experiments were conducted in the laboratory of Applied
Science Department, Agro-Technology Campus, Negara
Brunei Darussalam.

Table 1. Selected plant species as a potential source of drugs for the treatment of different infectious diseases.

Sr.  Botanical English/ Common Local Family Distribution Medicinal Uses References

No. Name Name Name

1 Orthosiphon Cat's Whiskers, Java Misai Lamiaceae China, Indian South continent ~ Used as Antioxidant, antitumor, diuretic (Adnyana et al.,
aristatus Tea and Kidneys Tea Kucing and Queensland and nephroprotective. It also utilized as 2013)

(Blume) Mig.  Plant

2 Agndrographis  Green chirayta, creat, Hempedu Acanthaceae

India, Malaysia, Indonesia and

antidiabetic, antihypertensive,
antiinflammation, antimicrobial,
antiobesity and hepatoprotective.

Used for Antithrombotic blood clot (Melchior et al.,

paniculata king of bitters and India Bumi Srilanka preventive Antiviral kills cancer cells. It 2000)
(Burm.f.) Nees echinacea contains Carduiprotective Choleretic

Expectorant Hepatoprotective which

protects the liver and gall bladder.

3 Leucaena white lead tree, jumbay, Petai Legumes South America, Asia, southern  Seeds are used to control stomachache, (Deodhar et al.,
leucocephala river tamarind, Subabul, USA, southern Europe, cancer, chemo-preventive and anti- 1998)
(Lam.) de Wit.  and white popinac Australia, Africa and oceanic proliferative activities.

islands It is also used as anthelmintic, antidiabetic
and Antibacterial.

4 Melastoma Malabar melastome, Senduduk Melastomataceae Indonesia, Japan, Brunei, Burm Utilized as antibacterial, antinociceptive, (Alnajar et
malabathrium  Indian rhododendron a, Cambodia, Laos, India, Mala anti-inflammatory, wound healing, al.,2012)

L. and Singapore
rhododendron

ysia, Nepal, Philippines,
Thailand and Vietnam

antidiarrheal, cytotoxic, and antioxidant
activities.
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Sr.  Botanical English/ Common Local Family Distribution Medicinal Uses References

No. Name Name Name

5 Pandanus Pandan leaves Pandan  Pandanaceae China-Hainan, Indonesia, Its leaves are used as flavoring agent in (Faras et al.,
amaryllifolius Indonesia-Irian Jaya, Malaysia, food in Asian countries. 2014)

Roxb. Philippines, Thailand, Sri
Lanka and Vietnam
6 Pterocarpus Amboyna Wood, Angsana  Legumes Cambodia India; Indonesia, Its leaf infusion is used as a shampoo. The (Quimado and
indiucus Wild.  Burmese Rosewood and Malaysia Papua New Guinea flowers are a honey source. Enrique, 1983)
Red Sandalwood Philippines; Solomon Islands;
Sri Lanka; Taiwan, Province of
China; Thailand; Vanuatu and
Vietnam
7 Ficus deltoidea Mistletoe Rubber Plant  Ara Bini  Moraceae Thailand, Peninsular Malaysia, It is used in folkloric medicines for the (Samah et al.,
Jack. Sumatra, Java, Borneo, treatment of infections of microbial origin. 2012)
Philippines, Sulawesi, Indo- The extracts of this weed were effective
China, India and Pakistan against three or more of the pathogenic
microorganisms. It is also used as a
potential source of new antimicrobial
agents.

8 Bambusa Bamboo, common Buluh Grasses Tropical Asia (Southeast Asia)  Traditionally, it is used as medicinal plants (Owolabi and
vulgaris bamboo, Surinamese Kuning for treatment of several infectious diseases Lajide, 2015)
Schrad. ex bamboo and Yello and wounds.

J.C.Wendl. bamboo

9 Fleminga Luck Plant and Wild Ringan-  Fabaceae China, Taiwan, Bhutan, It is used to determine the significant (Quevedo et al.,
strobilifera (L.) Hops ringan India, Nepal, Pakistan, Sri increase of blood cholesterol level in mice  2015)
W.T. Aiton Lanka, Laos, Myanmar; Thailan after the high fat diet. It reduced the blood

d, Vietnam, Indonesia, cholesterol level in mice.
Malaysia, Papua New Guinea,
and Philippines.
10  Sennaalata Emperor's Kesulok  Legumes Mexico and Austronesia Utilized as a laxative and antifungal drug  (Gritsanapan and
(L.) Roxb. Candlesticks, Candle and also used in primary health care in Mangmeesri,
Bush, Golden Candle Thailand and is included in the Thai 2009)
and Candlestick Senna traditional household drug list for laxative
and antifungal herbal drugs.

11  Solenostemon  Coleus, Common Ati-ati Lamiaceae India (including the Widely used in West Java, Indonesia, to (Levitaetal.,
secutellaroides Coleus and Painted Himalayas), Sri Lanka, China,  cure various diseases. People boil the 2016)

(L.) Codd Nettle Burma, Thailand, Laos, leaves of the plant in water and consume
Vietnam, Malaysia, Indonesia  the tea daily until the symptoms are
and Australia reduced.

12 Lycopodium Kumasi, Ghana and Sembunyi  Lycopodiaceae Tropical areas, deep south of It is used in combating a wide variety of (Banerjee et al.,

cernuum L. Irvine the United States and Hawaii.  diseases in European and Asian countries.  2014)
Crude extracts from various parts of the
plant contain quinolizidine alkaloids.

13 Cordyline Cabbage palm, good Linguang Asparagaceae tropical The leaf buds of this weed are used to treat (Cambie and
fruiticosa luck plant and palm lily southeastern Asia, Papua New  lower chest. Liquid from the stem isused ~ Ash,1994)
Rubra Guinea, Melanesia, north to treat sickness after childbirth and also to

eastern Australia, the Indian help in expel the afterbirth. The root is

Ocean, and parts of Polynesia  used to treat baldness. The juice of the
leaves is used to treat earache, infected
eyes, colds and coughs, stomachache,
eczema and gastritis.

14  Euphorbia hirta Pill-bearing spurge, Euphorbiaceae Tropical America, tropical and It is used as antidiarrheal, antispasmodic, ~ (Nyeem et
L. asthma plant, hairy Kematika subtropical regions, Indian anti-inflammatory, antifungal, anticancer,  al.,2017)

spurge, garden spurge  n subcontinent, and Southeast antimalarial, antiamoebic and antibacterial.
and pill pod sandman Asia.
15 AlliumcepaL. Bulb onion, common Red Amaryllidaceae Asia, China, Africa, Central and It has been used as a food remedy from (Kumar et al.,
onion Onion South America. time immemorial. Research shows that 2010)
onions may help guard against many
chronic diseases. This is used particularly
in the treatment of people whose symptoms
include running eyes and nose.

16  Zingiber Ginger Ginger Zingiberaceae Asia, China South-Central, East This is used particularly in the treatment of (Malhotra and
officinale Rosc. Himalaya and India people whose symptoms include running  Singh, 2003)

eyes and nose.

17 Tinospora Bitter grape Patawali  Menispermaceae  India, Sri Lanka, Vietnam, It is used in Ayurveda for treating a large  (Thomas et al.,
crispa L. Laos, Cambodia, Malaysia, spectrum of diseases including diabetes. 2016)

Thailand, Philippines and
Indonesia.

18  Marinda Great morinda, Indian ~ Mengkudu Rubiaceae South eastern Asia, Indonesia It is used in folk remedies by Polynesians ~ (Wang et al.,

citrifolia L. mulberry, noni, beach and Australia. and have a broad range of therapeutic 2002)

mulberry and cheese
fruit
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Sr.  Botanical English/ Common Local Family Distribution Medicinal Uses References
No. Name Name Name
19  Anacardium Cashew plant Daun Anacardiaceae Northeastern Brazil, Vietnam, It contains biologically active components  (Obaineh and
occidentale L. Nigeria, India, and Ivory Coast  that may be responsible for the folklore Shadrach, 2013)
and scientifically documented remedy
malaria fever.
20  Monilkara Chiku tree, sapodilla Daun Sapotaceae Pakistan, India, Thailand, Mala Leaves of these plants are used for malaria  (Milind, 2015)
zapotq L. and naseberry Chiku ysia, Cambodia, Indonesia, Ban fever. It is used for management of
gladesh and Mexico, Central inflammation, pain, diarrhea, diuretic,
America and Caribbean expectorant and ophthalmology.
21 Dillenia Simpuh Air, Shrubby  Simpur Dilleniaceae Tropical South East Asia, Sri Traditionally, it is used to treat cancerous ~ (Armania et al.,
suffruticosa L.~ Simpoh, and Simpoh Lanka, Peninsular Malaysia, growth. 2013)
Ayer Sumatra, Java, Borneo, Hawaii
and Singapore.
22 Asplenium bird's-nest fern Lukut Aspleniaceae East tropical Asia, temperate Antimicrobial activity of ethanol extracts ~ (Nath et al.,
nidus L. and tropical Asia and of this weed is used against four potentially 2013)
Australasia human pathogenic micro-organisms viz.
Escherichia coli, Pseudomonas
aeruginosa, Satphylococcus aureus, and
Streptococcus pyogenes.
23  Carica papaya Papaya, pawpaw Papaya  Caricaceae Mexico, South America, Utilized for the treatments of warts, corns,  (Aravind et al.,
Caribbean Islands, Florida and  sinuses, eczema, cutaneous tubercles and ~ 2013)
tropical regions throughout the  glandular tumors. It is also used to control
world. blood pressure, dyspepsia, constipation,
amenorrhoea, general debility, expel
worms and stimulate reproductive organs.
24 Mimosa Pudica Sensitive plant Semalu Legumes South America, North Different parts of this weed are used for the (Joseph et
L. America, Central treatment of leprosy, dysentery, vaginal al.,2013)
America, Florida, Hawaii, Tenn and uterine complaints, and inflammations.
essee, Virginia and Maryland. It is also used to cure burning sensation,
asthma, leukoderma, fatigue, and blood
diseases.
25  Nephrolepis Boston sword fern, wild Fern Nephrolepidaceae ~ South America — Brazil It is used for the treatment of women (Cambie and
exaltata L. Boston fern and tuber South America — and Colombia sterility, menstrual disorders, and Birth-aid Ash, 1994)
ladder fern — Antioquia in parturition.
26 Allium sativum  Garlic Garlic Amaryllidaceae Iran, Kazakhstan, Kirgizstan, Utilized to control cardiovascular disease, (Gebreyohannes
L. Tadzhikistan, Turkmenistan and cancer, diabetes, blood pressure, and
Uzbekistan atherosclerosis and hyperlipidemia. It is Gebreyohannes,
also used as hepatoprotective, 2013)
antihypertensive, anthelmintics, anti-
inflammatory, antioxidant, antifungal, and
wound healing.
27  Artocarpus Breadfruit, jackfruit Sukun Moraceae Bangladesh It is used to treat skin infections, cracked ~ (Kuete et al.,
communis Forst India, Sri Lanka, Nepal skin, dermatosis, burns, rashes, 2011)
Indonesia, Philippines, Vietham stomachache, diarrhea, diabetes, headache,
and Brazil. toothache, eye problems, ear infections and
fever.
28  Piper betle L.  Betel, Betel Vine, Betle Sirih Piperaceae Pakistan, Bangladesh, parts of ~ Water extracts of this weed were used as (Bhalerao et al.,
Pepper, Pan and Sireh Asia Middle East, Europe, and  antiplatelet, anti-inflammatory, 2013)
America Immunomodulatory, gastroprotective and
antidiabetic.
29  Averrhoe Bilimbi, cucumber tree Oxalidaceae Moluccas, Indonesia, Water extract from this weed is utilized for (Lima et al.,
bilimbi L. and tree sorrel Belimbing Philippines, Indonesia, Sri the treatment of cough, mumps, 2001)
Pucung Lanka, Bangladesh, Maldives,  rheumatism, pimples and scurvy.
Myanmar, Malaysia, Southeast
Asian countries_India_and Asia
Zanzibar
30 Cosmos wild cosmos Rancah-  Daisy family Latin America, Brazil, Mexico, It is used as anti-diabetic, anti- (Cheng et al.,
caudatus L. rancah West Indies, Asia, Africa and hypertensive, anti-inflammatory, anti- 2015)
Australia microbial, anti-oxidant and bone-
protective.
31  AloeveralL. Lily of the desert, Lidahbua Asphodelaceae Southern half of the Arabian This weed is utilized as a part of soothing, (Sahu et al.,
elephant’s gall, miracle ya Peninsula, Morocco, laxative, anti-inflammatory, antimicrobial, 2013)
plant and Barbados aloe Mauritania, Egypt, Canary antioxidant, anti-helminthic, aphrodisiac,
Cape and Islands antiseptic, antifungal, cure sunburns, burns,
minor cuts, and even skin cancer.
32 Abrus Jequirity and Crab’s Saga Legumes Belize, Caribbean Islands, Different plant parts are used as anti- (Bhatiaet al.,
precatorius L. eye Hawaii, Polynesiamainland bacterial, anti-fungal, anti-tumor, 2013)

United States Florida

analgesic, anti-inflammatory, anti-
spasmodic, anti-diabetic, anti-serotonergic,
anti-migraine, including treatment of
inflammation, ulcers, wounds, throat
scratches and sores.
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Sr.  Botanical English/ Common Local Family Distribution Medicinal Uses References
No. Name Name Name
33 Alpiniagalanga Galanga Root, Greater ~ Lengkuas Zingiberaceae SouthAsia,Indonesia,Malaysia  Extract of this weed is used as anti-fungal, (Shetty and
Galanga, and Siamese and Laos Thailand anti-tumor, and anti-diuretic. It also used to Monisha, 2015)
Ginger control disease of heart, rheumatic pains,
dyspepsia, fever and diabetes.
34 Cymbopogon Ceylon citronella, Serai Grasses Cambodia, Vietnam, Laos, Leaf water extracts of this weed were used  (Kirtikar and
nardus L. citronella grass, India_Sri Lanka, Burma, to treat stomachic and carminative diuretic, Basu, 1994)
geranium grass and Thailand sudorific, anti-periodic, cough and nasal
nardus grass congestion.
35  Annona Graviola, prickly Durian ~ Annonaceae Caribbean_and Central America Medically, it is utilized as anticancer, (Moghadamtousi
muri’cata L. custard apple, and Salat anticonvulsant, anti-arthritic, antiparasitic, et al., 2015)
Monkey Apple antimalarial, hepatoprotective and

antidiabetic activities.

Table 2. Antimicrobial activity of collected ethnomedicinal plant extracts based on the presence of inhibition zones on

the agar.
Sr. Plant species/Local Name Antimicrobial Sr. Plant species/Local Name Antimicrobial
activity activity
Sa  Bc Sa Bc Sa Bc Sa Bc
1 Orthosiphon aristatus / MisaiKucing ~ + + - - 19 Anacardium occidentale / Daun + + + +
Gajus
2 Agndrographis paniculata / + + - - 20 Manilkara zapota / Daun Chiku + + + -
HempeduBumi
3 Leucaena leucocephala / Petai - + + - 21 Dillenia suffruticosa / Simpur - + -
4 Melastoma malabathrium / Senduduk - + - + 22 Asplenium nidus L. / Lukut + + - +
5 Pandanus amaryllifolius / Pandan - + - - 23 Carica papaya L./ Papaya + - -
6 Pterocarpus indiucus / Angsana - - - - 24 Mimosa Pudica L./ Semalu - - - -
7 Ficus deltoidea / Ara Bini + - + + 25 Nephrolepis exaltata / Fern + - - -
8 Bambusa vulgaris / BuluhKuning - - + - 26 Allium sativum / Garlic + - - +
9 Fleminga strobilifera/ Ringan-ringan - - - - 27 Artocarpus communis / Sukun + + + +
10 Senna alata / Kesulok + - - - 28 Piper betle/ Sirih + + - +
11 Solenostemon secutellaroides / Ati-ati - - + - 29 Averrhoe bilimbi / Belimbing Pucung - + + -
12 Lycopodium cernuum L./ Sembunyi + + + + 30 Cosmos caudatus / Rancah-rancah - + + -
13 Cordyline fruiticosa Back / Linguang - - - + 31 Aloe vera/ Lidahbuaya + + + +
14 Euphorbia hirta L / Kematikan - - - - 32 Abrus precatorius / Saga + + + +
15 Allium cepa L / Red Onion - - - + 33 Alpinia galanga / Lengkuas + + + +
16 Zingiber officinale / Ginger + - - - 34 Cymbopogon nardus / Serai + + + +
17 Tinospora crispa / Ratnawali - - - - 35 Annona mun’cata / Durian Salat + + + +

18 Marinda citrifolia / Mengkudu - - - -
Sa — Staphylococcus aureus, Bc — Bacillus cereus, Ec — Escherichia coli, Pa — Pseudomonas aeruginosa, + = Show antimicrobial
properties, - = No antimicrobial properties

Table 3. Antimicrobial activity of extracts from leaves of ethnomedicinal plants by disc diffusion as influenced by the
extraction technigue.

Plant Species/Local Extraction __ Inhibition Zone (cm)  Plant Species/Local Extraction Inhibition Zone (cm)
Name Method Sa Bc Pa Ec Name Method Sa Bc Pa Ec
Piper betle/Sirih GE - - - - Pandanus amaryllifolius / GE - 02 0.2 -
DC 0.2 - - 0.1 Pandan DO - 05 01 01
Cl - 05 01 - Cl - - - -
Averrhoe bilimbi/Daun GE - - - - Euphorbia hirta / GE - - - -
BP DC - - - - Kematikan DO - - - -
Cl - 0.1 - - Cl - 0.2 - -
Artocarpus communis GE - 0.1 - - Cordyline fruiticosa back GE - 01 0.2 -
/Sukun DC - 0.3 - - [/ Linguang DO - - - -
Cl 0.5 - - - Cl 0.2 - - -
Anacardium occidentale GE 0.1 - 0.7 0.3 Lycopodium cernuum / GE - - - -
/ Daungajus DC 0.1 - 2.0 - Sembunyi DO - - - -
Cl - - - - Cl - - 0.2 -
GE 0.1 - 1.1 - GE - - 0.2 -
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Plant Species/Local
Name

Marinda citrifolia /
Mengkudu

Monilkara zapotq /Daun
Chiku

Melastoma
malabathrium / Kodok-
kodok

Agndrographis
paniculata /
Hempedubumi
Leucaena leucocephala /
Petai

Orthosiphon aristatus /
Misaikucing

Alpinia galanga /
Lengkuas

Annona muncata /
Durian salat

Bambusa vulgaris /
Bulohkuning

Extraction Inhibition Zone (cm)
Method Sa Bc Pa Ec
DC - - - -
Cl - - - -
GE - - - -
DC - - - -
Cl - - - -
GE 0.2 - - 0.1
DC - 03 0.1 -
Cl 02 02 01 -
GE 0.2 - - 0.2
DC 01 03 - -
Cl 01 03 - -
GE - 0.1 - -
DC 01 0.2 - 0.2
Cl 01 02 01 -
GE 0.2 - - -
DC - 02 0.2 -
Cl 01 04 01 -
GE 02 02 02 01
DC 03 01 03 01
Cl 02 01 02 01
GE 02 04 01 02
DC 01 02 03 04
Cl 04 02 01 02
GE - - - 0.1
DC - - - 0.1
Cl - - - -

Plant Species/Local
Name

Solesnostemon
secutellaroides / Ati-ati

Dillenia suffruticosa /
Simpur

Carica papaya / Papaya
Nephrolepis exaltata /
Fern

Aloe vera / Lidahbuaya
Abrus precatorius / Saga
Pterocarpus indiucus /
Angsana

Ficus deltoidea / Arabini

Senna alata / Kesulok

Extraction Inhibition Zone (cm)
Method Sa Bc Pa Ec
DO - - - -
Cl - 0.4 - 0.4
GE - 0.3 - -
DO 0.1 - - -
Cl 0.2 - - -
GE - 0.2 - -
DO - 0.2 - -
Cl - - - -
GE 02 0.2 - -
DO - - - -
Cl 01 01 - -
GE 01 02 02 02
DO 02 01 02 02
Cl 02 02 01 02
GE 02 01 02 03
DO 01 02 01 03
Cl 02 01 01 03
GE - - - -
DO 0.1 - - -
Cl - 0.1 - -
GE - - - 0.1
DO 0.1 - 0.1 -
Cl - - 0.1 -
GE - - - -
DO - - - -
Cl 0.1 - - -

GE = Grinding with ethanol, DC = Decoction, Cl = Cold infusion, Sa — Staphylococcus aureus, Bc — Bacillus cereus, Ec — Escherichia
coli, Pa — Pseudomonas aeruginosa

Table 4. Antimicrobial activity of plant extracts by well diffusion as influenced by the extraction technique.

Plant Species/Local Name Parts used Extraction technique Zone of inhibition (cm)
Sa Bc Pa Ec
Pterocarpus indicus / Angsana Leaves Grinding with ethanol 0.2 - - -
Decoction - 0.2 - 0.3
Cold infusion - - - 0.1
Paste - - - -
Ficus deltoidea / Arabini Leaves Grinding with ethanol 0.3 - - -
Decoction 0.1 - - 0.2
Cold infusion - 0.1 0.1 0.2
Paste - 0.3 - -
Bambusa vulgaris / Buluhkuning Leaves Grinding with ethanol 0.2 - 0.5 0.5
Decoction - - - -
Cold infusion 0.1 0.2 0.2 -
Paste - - - -
Fleminga strobilifera / Ringan- Leaves Grinding with ethanol 0.2 0.4 0.2 0.5
ringan Decoction - - - -
Cold infusion - 0.1 - -
Paste - 0.3 - -
Senna alata / Kesulok leaves Grinding with ethanol 0.2 - 0.1 -
Decoction 0.2 0.1 0.1 -
Cold infusion - 0.1 - -
Paste - 0.5 - -
Euphorbia hirta / Kematikan Leaves Grinding with ethanol - - - -
Decoction - 0.2 - -
Cold infusion - - - -
Paste - - - -
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Allium cepal / Red onion Whole bulb

Grinding with ethanol - - - -
Decoction

Cold infusion - - - -

Paste

Cordyline fruiticosa back / Linguang  Leaves

Grinding with ethanol - - - -
Decoction

Cold infusion - - - -

Paste

Lycopodium cernuum / Sembunyi Leaves

Grinding with ethanol 0.2 0.2 0.2 0.5
Decoction

0.2 0.2 0.2 0.5

Cold infusion - - - -

Paste

Sa — Staphylococcus aureus, Bc — Bacillus cereus, Ec — Escherichia coli, Pa — Pseudomonas aeruginosa

RESULTS AND DISCUSSION

Preliminary agar-based screening studies: Data regarding
presence/absence of inhibition zones against four pathogenic
bacteria on agar by different plant extracts have been shown
in Table 2. Data revealed that out of 35 plant species, 8 species
(Lycopodium  cernuum, A. occidentale, Artocarpus
communis, Aloe vera, Abrus precatorius, Alpinia galanga,
Cymbopogon nardus and Annona mun’cata) exhibited
antibacterial effect against all the four bacterial species
(Staphylococcus aureus, Bacillus cereus, Escherichia coli,
Pseudomonas aeruginosa). The investigations of Sen and
Batra (2012) are in line with our observations who showed
that aqueous and organic extracts of Melia azedarach were
toxic against pathogens like S. aureus, E. coli, P. aeruginosa,
and B. cereus. Experiments by using numerous plant extracts
to identify their effectiveness against microbial pathogens
have also been reported by many scientists like Adhatoda
zeylanica (llango et al., 2009), Trianthema decandra
(Geethalakshmi et al., 2010), Argemone Mexicana (Rahman
et al., 2011), Tinospora cordifolia and Cassia fistula
(Upadhyay et al., 2011) Tilia cordata (Vatl'ak et al., 2021).
While, the 3 plant species viz., Ficus deltoidea, Manilkara
zapota, Asplenium nidus and Piper betle were proved potent
against only three bacterial species. However, 6 plant species
(Pterocarpus indiucus, Fleminga strobilifera, Euphorbia
hirta, T. crispa, T. crispa and Mimosa pudica) showed no
antibacterial action against all the 4 bacterial species used.
Antimicrobial activity of Punica granatum, Syzygium
aromaticum, Zingiber officinales and Thymus vulgaris plant
extracts were investigated against B. cereus, S. aureus, E. coli,
P. aeruginosa and Salmonella typhi using agar disc diffusion
technique and extract of C. cyminum was only effective
against S. aureus (Mostafa et al., 2018). In line with our
results, Ngarivhume et al. (2015) found that out of 26 plants
reported as antimalarial treatment by the traditional healers
only 12 plant species depicted in vitro antiplasmodial activity.
Antibacterial effect of plant leaf extracts prepared with
different techniques by disc diffusion assay: Out of 35 plant
species, 19 different plant leaf extracts exhibited
antimicrobial activity against S. aureus and B. cereus (Tables

3, 4). Fifteen plant species extracts prepared by decoction
method showed activity against E. coli and P. aeruginosa.
Anacardium occidentale extract depicted a maximum zone of
inhibition (2.0 cm) in both disc diffusion and well diffusion
techniques against P. aeruginosa. An inhibition diameter of
0.5 cm was recorded by disc diffusion with extracts of A.
communis, Solenostemon secutellaroides, P. betle and
Pandanus amaryllifolius against S. aureus, E. coli and B.
cereus, respectively. Leaf extracts of four plant species viz. A.
galangal, Annona muncata, A. vera and A. precatorius
prepared by using all three extraction techniques (grinding
with ethanol, decoction and cold infusion) exhibited
antibacterial activity against all four tested species. Among
extraction methods, the cold infusion was found to be most
effective showing inhibition against test bacteria 42 time
whereas grinding with ethanol and decoction showed 39 time
each. This may be due to the highest yield of bioactive in
extracts prepared by cold infusion extraction. Previous
researchers (Obaineh et al., 2013) have reported a similar
difference in the percentage yield of phytochemicals in
extracts prepared by different extraction methods.

Antibacterial effect of plant leaf extracts prepared with
different techniques by well diffusion assay: Generally,
antimicrobial activity of plant extracts varied greatly
depending on the extraction technique. Among the extraction
techniques, grinding with ethanol was the most effective
method of extract preparation as it showed 0.2-0.3 cm
inhibition zone against S. aureus. It was followed by
decoction. The paste method proved to be least effective as
most of the plant extracts prepared by this method showed no
activity against the tested pathogens. Better performance of
extracts prepared by grinding with ethanol is in agreement
with the findings of Lediga et al. (2018) who reported that
methanol extract demonstrated noteworthy antimicrobial
activity against S. aureus as compared to aqueous extract.
While, Ayepola and Ishola (2009) evaluated the anti-
microbial activity of methanolic and aqueous extracts of A.
occidentale leaves and found that methanolic extract was
more effective against pathogens like E. coli, K. pneumonia,
and B. subtilis. However, the observations of the present study
are different from Buwa and van Staden (2006) who reported
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better antimicrobial efficacy of Gunnera perpensa root
aqueous extract against S. aureus. Moreover, Varghese et al.
(2013) also observed that the aqueous extract demonstrated
significant inhibitory activity against Porphyromonas
gingivalis and Prevotella intermedia as compared to the
methanolic extract. The lack of consistency in the efficacy of
plant extracts prepared by different methods may be due to
variations in the release of phenaolics from the plant samples
which are the main active substances in plants. This is
supported by the findings of researchers who noted a disparity
between the results obtained by studying the same sample
with different methods (Feduraev et al., 2019). A number of
plant extracts demonstrated antimicrobial activity against the
evaluated pathogens. Lycopodium cernum leaf extract
prepared by grinding with ethanol and decoction technique
displayed the greatest antimicrobial effect against all the four
tested pathogens. Fleminga strobilifera  exhibited
antimicrobial activity against all the four tested pathogens
only when its extract was prepared by grinding with ethanol.
Ficus deltoidea, Bambusa vulgaris and Senna alata showed

antibacterial activity against three out of four bacterial
pathogens (Table 4). Pterocarpus indicus showed activity
against B. cerus and E. coli. Cordyline fruiticosa and Allium
cepa depicted activity against P. aeruginosa whereas
Euphorbia hirta demonstrated inhibitory effects against only
one species namely B. cerus. Agar well diffusion assay
method showed maximum (0.5 cm) zone of inhibition with
extracts of B. vulgaris for P. aeruginosa and E. coli, S. alata
for B. cereus, L. cernuum and F. strobilifera for E. coli
(Tables 5). The effectiveness of extraction methods followed
the order: Grinding with ethanol > decoction > cold infusion
> paste. The maximum inhibitory effect of ethanolic extract
of A. occidentale against E. coli and P. aerugihosa
(Omojasola and Awe, 2004). They attributed the antibacterial
activity of A. occidentale to presence of saponins, tannins,
phenolic, alkaloids and glycosides as detected in its extract.
Similarly, Santos et al. (2013) showed that ethanolic extracts
of leaves and barks of A. occidentale in agar diffusion method
exhibited strong antibacterial action against E. coli, B. cereus,
P. aeruginosa and S. aureues due to the presence of tannins,

Table 5. Antimicrobial activity of extracts from root, shoot and bulb of ethnomedicinal plants by disc diffusion as

influenced by the extraction technique.

Plant species/Local Name Parts used Extraction technique Inhibition Zone (cm)
Sa Bc Pa Ec
Allium sativum/ Garlic Whole bulb GE 0.1 0.3 - 0.1
DC - 0.2 - 0.1
Cl - 0.1 - 0.1
Cosmos caudatus /Rancah Shoot GE - - 0.3 -
DC 0.1 0.4 - -
Cl - 0.1 - -
Tinosporacrispa /Ratnawali Root GE - - - -
DC - - - -
Cl - - - -
Zingiberofficinale / Ginger Root GE 01 0.4 - -
DC 0.1 - - -
Cl 0.1 - - -
Allium cepa/ Red onion Whole bulb GE - - - -
DC - 0.2 - -
Cl - - - -
Mimosa pudica / Sopan-sopan Shoot GE - 0.1 - -
DC 0.3 0.1 - -
Cl 0.1 - - -
Cymbopogonnardus / Serai Shoot GE 0.1 0.1 0.2 0.3
DC 0.2 0.1 0.4 0.3
Cl 0.2 0.2 0.1 0.3
Flemingigastrobilifera / Ringan-ringan  Shoot GE - - - -
DC - - 0.1 -
Cl - - - -
Aspleniumnidus / Lukut Shoot GE - 0.2 - -
DC - - - -
Cl 0.2 0.1 - -

GE = Grinding with ethanol, DC = Decoction, Cl = Cold infusion, Sa — Staphylococcus aureus, Bc — Bacillus cereus, Ec — Escherichia

coli, Pa— Pseudomonas aeruginosa
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phenols, alkaloids and catechins. While, Olugbuyiro (2013)
also demonstrated that methanol extract of A. occidentale had
63% inhibition against P. aeruginosa. The potent antibacterial
effect of ethanol extract of the seed coat of A. occidentale
against S. aureus, E. coli, and P. aeruginosa with zone of
inhibition ranging from 12.0-34.0 mm was also reported by
Doss and Thangavel (2011). Different levels of activity found
indifferently prepared extracts from the same plant species
suggest that extraction technique may be important in the
amount and composition of their active compounds.

Antibacterial activity of selected plant root, shoot and bulb
extracts prepared with different techniques by disc diffusion
assay: Cymbopogon nardus shoot extract prepared by any
technique i.e. grinding with ethanol, decoction and cold
infusion exhibited activity against all bacterial species under
study. Zingiber officinale root extract prepared by grinding
with ethanol, Asplenium nidus shoot extract prepared by cold
infusion, Cosmos caudatus and Mimosa pudica shoot extract
prepared by decoction was effective against two bacterial
species each. Antibacterial properties of the ethanol extracts
of the fronds of Asplenium nidus against Escherichia coli,
Pseudomonas aeruginosa, Satphylococcus aureus and
Streptococcus pyogenes by disc diffusion assay was also
reported previously (Nath et al., 2013). Root extract of
Tinospora crispa did not show any activity against any
bacterial species regardless of extraction technique. Bulb
extract of Allium sativum produced an inhibition zone against

three bacterial species namely S. aureus, B. cereus and E. coli
while bulb extract of Allium cepa showed activity against B.
cereus only (Table 5). In disc diffusion assay, the
effectiveness of extraction methods followed the order:
decoction > grinding with ethanol > cold infusion. Our results
are different from the findings of Adouni et al. (2018) who
reported that the ethanol extract of Juncus acutus rhizome was
more effective than decoction and cold infusion.

Antibacterial activity of plant species in agar disc and agar
well diffusion assay: In the present study, the activity of plant
extracts was tested individually with disc diffusion and well
diffusion methods which are well-known and commonly used
antimicrobial activity screening and evaluating methods
(Balouiri et al., 2016). The perusal of data presented in
Table 6 revealed that Anacardium occidentale extract
inhibited the growth of P. aerugihosa in both disc-diffusion
and well diffusion bioassays whereas, other extracts were
effective either with disc-diffusion or well diffusion method.
In line with this, the efficient antimicrobial activity of A.
occidentale leaf extracts have also been reported by Varghese
et al. (2013) against P. gingivalis and P. intermedia gram-
negative anaerobic bacteria which cause periodontal disease.
The extracts of P. betle, C. caudatus and S. alata showed
activity against B. cereus, A. precatorius and A. communis
against S. aureus, L. cernuum, Flemingia strobilifera, B.
vulgaris and S. secutellaroides against E. coli in agar well
diffusion assay. The extracts of P. betle, S. secutellaroides, A.

Table 6.Antibacterial effect of plant species in different inoculation technigues.

Plant species Bacteria Technique

Anacardium occidentale Pseudomonas aeruginosa Disc diffusion and well diffusion
Artocarpus communis, Staphylococcus aureus, Escherichia coli  Disc diffusion

Solesnostemon secutellaroides and Bacillus cereus

Piper betle

Pandanus amaryllifolius

Piper betle Bacillus cereus Well diffusion

Cosmos caudatus

Senna alata

Abrus precatorius

Amara communis
Lycopodium cernuum,
Flemingia strobilifera
Bambusa vulgaris
Plectranthus scutellarioides

Escherichia coli

Staphylococcus aureus

Table 7. Antimicrobial activity of five commercial antibiotics.

Name of organism

Zone of inhibition (cm) for standard antibiotic disc

Erythromycin Ceftriaxone Streptomycin ~ Amoxicillin  Penicillin (5pg)
(15p9) (30p9) (100ug) (30p9)
Bacillus cereus 2.4 0.2 15 0.1 -
Escherichia coli 0.3 1.6 0.3 - -
Pseudomonas aeruginosa - 1.6 0.4 - 0.2
Staphylococcus aureus 1.3 1.6 0.1 0.1 1.6
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communis, P. amaryllifolius showed activity against B.
cereus, S. aureus and E. coli in disc diffusion assay (Table 6).
The results shown in Table 6 depicted better responsiveness
of well diffusion method which is inconsistent with the earlier
report of Ali (2018) who reported that well diffusion method
is more sensitive than disc diffusion method. The better
sensitivity of well diffusion can be explained by the presence
of free hydroxyl groups on each glucose residues which
makes the surface of the disc hydrophilic (Sah et al., 2017).
Accordingly, if natural chemicals in the extract are cationic,
they will be adsorbed to the surface of the disc and would not
diffuse into the medium. Consequently, a cationic polar
substance may depict a good antibacterial activity. A non-
polar compound would not be affected by the hydroxyls on
the surface of the paper and would diffuse rapidly. Therefore,
in this case, agar well diffusion method will be more
appropriate than the disc. Our findings are in agreement with
the observations of Dissanayake et al. (2020) who reported
that in the well and disc diffusion assays, a logarithmic
relationship did not exist between inhibition zones.
Antibacterial activity of plant extracts in comparison with
antibiotics: The antimicrobial strengths of commercial
antibiotics namely Erythromycin (15 pg disc?), Ceftriaxone
(30 pg disct), Streptomycin (100 g disc), Amoxicillin (30
ug disc) and Penicillin (5 pg disc) as a control assay are
shown in Table 7. All antibiotics were found to be effective
against S. aureus bacterial species and recoded 1.3, 1.6, 0.1,
0.1 and 1.6 cm zone of inhibition with erythromycin,
ceftriaxone, Streptomycin, amoxicillin and penicillin,
respectively. The growth of all tested bacterial species was
inhibited by Ceftriaxone (30 pg disc’) and Streptomycin (100
ug disc?). Amoxicillin (30pg disct) did not show any activity
against E. coli and P. aeruginosa while Penicillin (5pg disc™)
did not inhibit the growth of B.cereus and E. coli. Bacterial
resistance is rapidly emerging worldwide and endangering the
efficacy of commercial antibiotics. Hence, multi-resistant
bacterial pathogens have again become a threat (Spellberg
and Gilbert, 2014). The lack of new drug development,
overuse and misuse of medications could be the reason of
antibiotic resistance crisis. Scientific interventions are greatly
needed to find out natural sources which can be used to
manage the crisis (Roope et al., 2019). Our results are
consistent with the reports of different researchers who found
multi-drug resistant strains of E. coli (Sah et al., 2017).
Erythromycin (15 pg disc') was ineffective against P.
aeruginosa. The variable susceptibility of tested
microorganisms to antibiotics could be due to their inherent
properties related to the permeability of their cell surface. The
ineffectiveness of some antibiotics against certain bacterial
species has also been reported by Paudel et al. (2011) when it
was observed that norfloxacin and ciprofloxacin did not
suppress the growth of E. coli and nitrofurantoin was not
effective against P. aeruginosa.

The comparison of zones of inhibition formed both by the
plant extracts shown in Table 3, 4 and 5 and antibiotics
reported in Table 7 indicated that the effectiveness of A.
occidentale extract against P. aeruginosa was more (0.7 cm
inhibition zone) than all commercial antibiotics except
ceftriaxone. The occurrence of bioactive compounds like
tannins, carbohydrates, saponins, resins, flavonoids, and
alkaloids in A. occidentale extract may add to its
antimicrobial activities. Reports of Anyiam and Onuoha,
(2021) showed that the antimicrobial activity of medicinal
plant extracts dependent on the concentration of flavonoids,
tannins, alkaloids, saponins and carbohydrates. A
phytochemical screening analysis conducted by Abulude et
al. (2010) demonstrated the occurrence of tannins in high
concentrations in the aqueous extract of leaves and stem of A.
occidentale. The antimicrobial activity of Anacardium
occidental leaf extracts against S. aureus and E. coli has also
been reported by Jinah et al. (2020). These findings are also
supported by Sebiomo et al. (2011) who found that Z.
officinale (ginger) whole plant and root extract showed better
antibacterial activity against S. aureus and S. pyogenes as
compared to antibiotics chloramphenicol, ampicillin, and
tetracycline. Some of the plant extracts were better than
Erythromycin and Streptomycin for inhibiting the growth of
E. coli. The inhibitory effects of Amoxicillin and Penicillin
against B. cereus were inferior to those of some plant extracts
used in the experiment. The result of this study is in agreement
with the work of Khan et al. (2009) who observed
antimicrobial activity of crude extracts of Acacia nilotica,
Syzygium aromaticum and Cinnamum zeylanicum against
multidrug-resistant ~ strains  of  bacteria.  Study of
Egamberdieva et al. (2017) concluded that antibacterial
activity of medicinal plant extract was species-dependent as
extract of Hypericum perforatum exhibited remarkable
activity against bacteria whereas, Ziziphora capitata extract
did not exhibit any potential of antimicrobial activity.

Conclusion: This study concluded that some tropical plant
extracts should be used against bacterial infections after
conducting toxicity tests of the active compounds of highly
effective extracts using an animal model. The antimicrobial
effects noted for the investigated plant extracts also gave
some validation to the traditional use of medicinal plants to
treat a variety of infections. The data published in this paper
could also assist in selecting plant species and extraction
methods to develop natural remedies against different
diseases caused by B. cereus, E. coli, P. aeruginosa and S.
aureus.
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