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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 

of the requirement for the degree of Master of Science 

 

ANTIBACTERIAL ACTIVITY AND CHEMICAL ANALYSIS OF 

METHANOLIC EXTRACTS OF Piper sarmentosum Roxb. 

 

By 

SHARIFAH FARHANA BINTI SYED AB RAHMAN 

January 2015 

 

Chairman: Associate Professor Kamaruzaman bin Sijam, PhD 

Faculty: Agriculture 

Piper sarmentosum Roxb. is a cultivated plant that is also found wild in South East 

Asia. It is well known due to its medicinal properties and a variety of active chemical 

constituents. The potential of the plant extract against bacterial leaf blight and sheath 

brown rot of rice caused by Xanthomonas oryzae pv. oryzae and Pseudomonas 

fuscovaginae, respectively, were evaluated in this study. The leaf and fruit of P. 

sarmentosum were extracted using aqueous methanol 80% (v/v) and the yield 

percentage of crude extracts obtained was 7.5% and 7.1% for the fruit and leaf 

extract, respectively. The antibacterial activities of the methanolic leaf extract of P. 

sarmentosum were screened for potential use as a biological control agent against 

rice pathogenic bacteria by agar well diffusion assay. The concentrations of the 

extract tested were 25, 50, 100 and 200 mg/mL. The zone of inhibition produced by 

the extract against the strains was measured and compared with standard antibiotic 

streptomycin sulfate (30 µg/mL). The leaf extract showed antibacterial activity 

against X. oryzae pv. oryzae and P. fuscovaginae with the diameter of the inhibition 

zone ranging from 9.00±0.00 to 19.33±1.53 mm. Similarly, the fruit extract also 

showed positive inhibition against the tested bacteria with the diameter ranging from 

9.33±0.58 to 19.33±1.15 mm. Positive control, streptomycin sulfate, showed 

inhibition against all the tested bacterial isolates with the range of 17.67±0.58 to 

18.00±1.73 mm for the leaf extract and 15.67±5.13 to 21.00±3.46 mm for the fruit 

extract. Negative control, aqueous methanol 80% (v/v), showed no inhibition zone 

against any microorganism for both the leaf and fruit extracts. The Minimal 

Inhibition Concentration (MIC) and Minimal Bactericidal Concentration (MBC) 

were then determined.  The MIC was obtained at 12.5 mg/mL for both tested bacteria 

while for MBC; it was at 12.5 mg/mL for X. oryzea and 25.0 mg/mL for P. 

fuscovaginae. For the fruit extract, the MBC value obtained for both P. fuscovaginae 

and X. oryzae were at 25.0 mg/mL. The phenolic compounds present in the leaf and 

fruit extracts of P. sarmentosum were further identified using HPLC analysis. Five 

standards were used in the analysis – caffeic acid, tannic acid, gallic acid, quercetin 

and naringin. The identification of each compound was based on a combination of 

retention time and spectral matching. The phenolic compounds were separated and 



© C
OPYRIG

HT U
PM

ii 
 

quantified in the analysis to obtain the amount of the phenolic compounds present in 

each of the samples. The fraction of the elute containing the purified compound was 

collected and further tested for antibacterial activity against the pathogenic bacteria. 

All of the collected fractions, which were detected as the phenolic compounds based 

on the standard used, showed positive inhibition against the tested bacteria. The 

results obtained from this study suggest that the leaf and fruit extracts of P. 

sarmentosum have potential to be developed as a novel bactericide. 
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memenuhi keperluan untuk Ijazah Master Sains 

 

AKTIVITI ANTIBAKTERIA DAN ANALISIS KIMIA EKSTRAK METANOL 

Piper sarmentosum Roxb. 

 

Oleh 

SHARIFAH FARHANA BINTI SYED AB RAHMAN 

Januari 2015 

 

Pengerusi: Profesor Madya Kamaruzaman bin Sijam, PhD 

Fakulti: Pertanian 

Piper sarmentosum Roxb. adalah tanaman yang ditanam, dijumpai tumbuh meliar di 

Asia Tenggara. Pokok ini terkenal dengan pelbagai khasiat perubatan dan 

mengandungi pelbagai bahan kimia aktif. Potensi ekstrak pokok ini terhadap 

penyakit hawar daun dan seludang reput perang yang di sebabkan oleh Xanthomonas 

oryzae pv. oryzae dan Pseudomonas fuscovaginae, telah dikaji dalam kajian ini. 

Daun dan buah dari pokok P. sarmentosum telah diekstrak menggunakan metanol 

80% (v/v). Peratusan hasil ekstrak mentah yang di perolehi untuk setiap ekstrak 

adalah 7.5% bagi ekstrak buah dan 7.1% bagi ekstrak daun. Aktiviti antibakteria 

ekstrak methanol daun dan buah P. sarmentosum telah disaring untuk mengenalpasti 

potensinya sebagai agen kawalan biologi terhadap bakteria pathogen padi 

menggunakan kaedah penyebaran agar perigi. Kepekatan ekstrak yang diuji adalah 

25, 50, 100 dan 200 mg/mL. Zon perencatan pertumbuhan yang di hasilkan oleh 

ekstrak terhadap bakteria pathogen telah diukur dan dibandingkan dengan antibiotik 

streptomycin sulfate (30 µg/mL). Ekstrak daun menunjukkan aktiviti antibakteria 

terhadap semua bakteria yang diuji dengan zon perencatan pertumbuhan dengan 

diameter di antara 9.00±0.00 mm hingga 19.33±1.53 mm. Manakala, ekstrak buah 

juga menunjukkan perencatan pertumbuhan yang positif terhadap bakteria pathogen 

dengan diameter di antara 9.33±0.58 mm hingga 19.33±1.15 mm. Kawalan positif 

oleh streptomycin sulfate menunjukkan perencatan terhadap semua bakteria yang di 

uji dengan julat di antara 17.67±0.58 mm hingga 18.00±1.73 mm bagi ekstrak daun 

dan 15.67±5.13 mm hingga  21.00±3.46 mm bagi ekstrak buah. Kawalan negatif, 

methanol 80% (v/v) tidak menunjukkan sebarang zon perencatan terhadap semua 

bakteria yang diuji bagi kedua-dua ekstrak. Kepekatan perencatan minimum (MIC) 

dan kepekatan minimum bakterisida (MBC) juga telah ditentukan. MIC yang berjaya 

merencat pertumbuhan bakteria patogen di perolehi pada kepekatan 12.5 mg/mL bagi 

kedua-dua bakteria. Bagi MBC, kepekatan terendah bagi ekstrak daun yang 

menunjukkan kesan bakterisidal adalah pada kepekatan 12.5 mg/mL bagi X. oryzae 

dan 25.0 mg/mL bagi P. fuscovaginae. Bagi ekstrak buah, nilai MBC bagi kedua-dua 

bakteria P. fuscovaginae dan X. oryzae adalah 25.0 mg/mL. Sebatian fenolik yang 

hadir dalam ekstrak daun dan buah P. sarmentosum seterusnya diuji dengan analisis 

HPLC. 5 piawaian digunakan dalam analisis ini iaitu caffeic acid, tannic acid, gallic 
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acid, quercetin dan naringin. Setiap komponen dikenalpasti berdasarkan kombinasi 

pengekalan masa dan penyesuaian spektra. Sebatian fenolik diasingkan dan 

kuantitinya dikira bagi mendapatkan jumlah fenolik asid yang terdapat di dalam 

setiap sampel. Semua piawaian yang di gunakan telah di kesan di dalam kedua-dua 

ekstrak daun dan buah P. sarmentosum. Pecahan bagi cecair yang mengandungi 

sebatian bersih telah dikumpulkan dan diuji bagi aktiviti antibakteria terhadap 

bakteria patogen. Kesemua pecahan yang di kumpulkan yang di kesan sebagai 

sebatian fenolik berdasarkan standard yang digunakan, menunjukkan perencatan 

positif terhadap bakteria yang diuji. Keputusan kajian menunjukkan ekstrak daun dan 

buah dari pokok ini mempunyai potensi untuk diformulasikan sebagai bakterisid. 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 Background 

 

Plants have been a great source of medicinal agents for many years and a remarkable 

number of natural products obtained from medicinal plants have contributed to 

disease control either as a crude extract or in a purified form. An extensive range of 

medicinal plants parts is used to extract raw drugs as they have various medicinal 

properties. They have been the most impressive sources for a large number of 

modern drugs, many based on their use in traditional folk medicine. According to the 

World Health Organization, medicinal plants are the best source to acquire a variety 

of drugs, and various medicinal plants have been used as a source of medicine in 

daily life to treat various types of disease all over the world (Alo et al., 2012). 

Medicinal plants have been of great interest for clinical microbiologists to screen for 

new therapeutics (Ashokkumar & Rajkumar, 2010). Plants produce a broad range of 

bioactive molecules known as secondary metabolites (Dash et al., 2011), thus 

making them a rich source of diverse kinds of medicine. The reasons can be 

attributed to easy accessibility and affordability of plants compared to commercial 

drugs. In addition, the main advantages of using these natural derived products are 

that they are safe to human health, do not leave any harmful effects on the 

environment and incur low cost in counteracting microbial infections (Al-Zubaydi et 

al., 2009). 

 

Beyond good agronomic practices, farmers usually rely heavily on chemical 

pesticides to control these diseases. However, these are usually associated with a 

harmful effect on the ecosystems. The use of chemicals to control the bacterial blight 

of rice, such as Bordeaux mixture, copper and mercuric compounds are not effective 

for practical use to control the disease; neither are antibiotics, which have injurious 

effects on the rice yields (Mizukami & Wakimoto, 1969). Currently, resistant 

varieties are the most efficient means for controlling both diseases; however, there 

are some drawbacks in controlling rice disease through such methods because of the 

difficulty in combining genes from some resistant sources, and the breakdown of 

varietal resistance due to the appearance of new races, strains or pathotypes of 

pathogens. Furthermore, bacterium can easily overcome rice cultivars containing a 

single gene for resistance against the diseases (Youyong, 2004). Therefore, the 

search for alternatives is needed to develop safer methods for controlling these 

pathogens and prolonging the usage without any residue effects on the crops. This 

will ensure safety to consumers, farmers and the environment. 

 

Plants are known to possess numerous secondary metabolites and compounds with 

antimicrobial properties (Gulluce et al., 2007) that have shown an inhibitory effect 

against the growth of pathogens (Mahesh & Satish, 2008). Efforts to search for an 

economic safe phytochemical, which could be developed for disease control, are still 

ongoing. Therefore, the screening and testing of the efficacy of plants for 

antibacterial activity has been carried out to discover their antibacterial activity. The 

use and search for natural products have attracted more attention recently. Plant 
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extracts are rich in a wide variety of active compounds (Al-Zubaydi et al., 2009) that 

have the potential to be developed as natural anti-bacterial agents (Bhardwaj & 

Laura, 2009, Dash et al., 2011). Plant extracts have been found in vitro to have 

antimicrobial properties (Ghosh et al., 2008b, Rios & Recio, 2005).  Plant-based 

products are safer compared to synthetic chemical products and more acceptable as 

they are non-toxic to humans, biodegradable and non-polluting. They are less 

phytotoxic and possess a greater systemic effect, which have led them to be further 

investigated concerning their effect in controlling various types of microbe in many 

fields of study. 

 

Piper sarmentosum Roxb. locally known as Kadok, is a tropical plant that is 

cultivated as well as found wild in South East Asian regions. It is well known due to 

its medicinal properties and a variety of active chemical constituents. Piper 

sarmentosum L. has been reported in the literature to have various biological 

activities. Studies have shown that this plant possesses numerous medicinal 

properties and has significant effect on pathogenic microbes (Zaidan et al., 2005, 

Zakaria et al., 2010, Fernandez et al., 2012). Although many bioactive compounds 

have been isolated from P. sarmentosum, none have been investigated against the 

antibacterial activity of plant pathogenic bacteria, especially rice pathogenic bacteria 

in Malaysia. 

 

1.2 The objectives of the study 

 

Thus, the specific objectives of the study were: 

 

1. To extract and screen for antibacterial activities of crude fruit and leaf 

extracts of P. sarmentosum against P. fuscovaginae and X. oryzae pv. oryzae 

 

2. To determine the MIC, MBC and MIC index value of crude leaf and fruit 

extracts of P. sarmentosum 

 

3. To fractionate and quantify the amount of active phenolic compounds in P. 

sarmentosum by HPLC 

 

4. To determine the antibacterial activity of the active phenolic compounds 

against P. fuscovaginae and X. oryzae pv. oryzae 

 

 

 

 

 



© C
OPYRIG

HT U
PM

52 
 

REFERENCES 

Adiguzel A., Ozer H., Kilic H,. Cetin B. (2007). Screening of antimicrobial activity 

of essential oil and methanol extract of Satureja hortensis on foodborne 

bacteria and fungi. Czech Journal of Food Science, 25(2): 81-9. 

Adorada DL., Stodart B., Cruz CV., Gregorio G., Pangga I., Ash G. (2012). 

Standardizing resistance screening to Pseudomonas fuscovaginae and 

evaluation of rice germplasm at seedling and adult plant growth stages. 

Euphytica, 192(1): 1-16. 

Ahmad I., Beg AZ. (2001). Antimicrobial and phytochemical studies on 45 Indian 

medicinal plants against multi-drug resistant human pathogens. Journal of 

Ethnopharmacolology, 74(2):  113-23. 

Aktar W., Sengupta D., Chowdhury A. (2009). Impact of pesticides use in 

agriculture: their benefits and hazards. Interdiscipline Toxicology, 2(1): 1-12. 

Al-Zubaydi SR., Al-Hmdany MA., Raesan S. (2009). Antibactrial effect of some 

medicinal plant extracts against some pathogenic bacteria strains. Journal of 

Duhok University, 12(1): 244-9. 

Alberto MR., Farías ME., Manca De Nadra MC. (2001). Effect of gallic acid and 

catechin on Lactobacillus hilgardii 5w growth and metabolism of organic 

compounds. Journal of  Agricultural & Food Chemistry, 49(9): 4359-63. 

Alo M., Anyim C., Igwe J., Elom M., Uchenna D. (2012). Antibacterial activity of 

water, ethanol and methanol extracts of Ocimum gratissimum, Vernonia 

amygdalina and Aframomum melegueta. International Journal of 

Biotechnology and Molecular Biology, 20(4): 124-39. 

Amorati R., Valgimigli L. (2012). Modulation of the antioxidant activity of phenols 

by non-covalent interactions. Organic & Biomolecular Chemistry, 10(21): 

4147-58. 

Amran AA., Zakaria Z., Othman F., Das S., Raj S., Nordin NM. (2010). Aqueous 

extract of Piper sarmentosum decreases atherosclerotic lesions in high 

cholesterolemic experimental rabbits. Lipids Health Disease, 9(1): 44-9. 

Andersen OM., Markham KR. (2010). Flavonoids: chemistry, biochemistry and 

applications. CRC Press. 

Anwar F., Jamil A., Iqbal S., Sheikh MA. (2006). Antioxidant activity of various 

plant extracts under ambient and accelerated storage of sunflower oil. Grasas 

y aceites, 57(2): 189-97. 

Apisariyakul A. (1984). Investigation of fractions isolated from Thai medicinal 

plants affecting isolated rat ileum. Proceedings of the Proc. 10th Conference 

of Science and Technology of Thailand, Chiang Mai, Thailand 450-1. 



© C
OPYRIG

HT U
PM

53 
 

Ariffin SZ., Omar WW., Ariffin ZZ., Safian MF., Senafi S., Wahab RMA. (2009). 

Intrinsic anticarcinogenic effects of Piper sarmentosum ethanolic extract on 

a human hepatoma cell line. Cancer Cell International, 9(6): 10-1186. 

Ashokkumar P., Rajkumar KM. (2010). Phytochemical screening and antimicrobial 

activity from five Indian medicinal plants against human pathogens. Middle 

East Journal of Scientific Research, 5(3): 157-62. 

Atiax E., Ahmad F., Sirat H., Arbain D. (2010). Antibacterial activity and 

cytotoxicity screening of Sumatran Kaduk (Piper sarmentosum Roxb). 

Iranian Journal of Pharmacology & Therapeutics, 10(2): 1-5. 

Aziz N., Farag S., Mousa L., Abo-Zaid M. (1997). Comparative antibacterial and 

antifungal effects of some phenolic compounds. Microbiology, 93(374): 43-

54. 

Azizah A., Nik Ruslawati N., Swee Tee T. (1999). Extraction and characterization of 

antioxidant from cocoa by-products. Food Chemistry, 64(2): 199-202. 

Bai J., Rai R., Samaga PV. (2011). Evaluation of the antimicrobial activity of three 

medicinal plants of South India. Malaysian Journal of Microbiology, 7(1): 

14-8. 

Balandrin MF., Klocke J., Wurtele ES., Bollinger WH (1985). Natural plant 

chemicals: sources of industrial and medicinal materials. Science 

(Washington), 228(4704): 1154-9. 

Ballhorn DJ., Kautz S., Heil M., Hegeman AD. (2009). Cyanogenesis of wild lima 

bean (Phaseolus lunatus L.) is an efficient direct defence in nature. PLoS 

One, 4(5): e5450-7. 

Ban JO., Hwang IG., Kim TM. (2007). Anti-proliferate and pro-apoptotic effects of 

2, 3-dihydro-3, 5-dihydroxy-6-methyl-4H-pyranone through inactivation of 

NF-κB in Human Colon Cancer Cells. Archives of Pharmacal Research, 

30(11): 1455-63. 

Basri DF., Tan LS., Shafiei Z., Zin NM. (2011). In vitro antibacterial activity of galls 

of Quercus infectoria Olivier against oral pathogens. Evidence-Based 

Complementary and Alternative Medicine, 2012. 

Beltran De Heredia J., Torregrosa J., Dominguez JR., Peres JA. (2001). Kinetic 

model for phenolic compound oxidation by Fenton's reagent. Chemosphere, 

45(1): 85-90. 

Bhardwaj S., Laura JS. (2009). Antibacterial activity of some plant-extracts against 

plant pathogenic bacteria Xanthomonas campestris pv. campestris. Indian 

Journal of Agricultural Research, 43(1): 26-31. 

Bouman B. (2012). Water-efficient management strategies in rice production. 

International Rice Research Notes, 26(2): 53-67 



© C
OPYRIG

HT U
PM

54 
 

Bravo L. (1998). Polyphenols: chemistry, dietary sources, metabolism, and 

nutritional significance. Nutrition Reviews, 56(11): 317-33. 

Céliz G., Daz M., Audisio MC. (2011). Antibacterial activity of naringin derivatives 

against pathogenic strains. Journal of Applied Microbiology, 111(3): 731-8. 

Chand T., Singh N., Singh H., Thind BS. (1979). Field efficacy of stable bleacing 

powder to control bacterial leaf blight. International Rice Research 

Newsletter, 4(4): 12-3. 

Chanwitheesuk A., Teerawutgulrag A., Rakariyatham N. (2005). Screening of 

antioxidant activity and antioxidant compounds of some edible plants of 

Thailand. Food Chemistry, 92(3): 491-7. 

Chaveerach A., Mokkamul P., Sudmoon R., Tanee T. (2006). Ethnobotany of the 

genus Piper (Piperaceae) in Thailand. Ethnobotany Research & Applications, 

4(2006): 223-31. 

Chen H., Zuo Y., Deng Y. (2001). Separation and determination of flavonoids and 

other phenolic compounds in cranberry juice by high-performance liquid 

chromatography. Journal of Chromatography A, 913(1): 387-95. 

Cheng JC., Dai F., Zhou B., Yang L., Liu ZL. (2007). Antioxidant activity of 

hydroxycinnamic acid derivatives in human low density lipoprotein: 

mechanism and structure–activity relationship. Food Chemistry, 104(1): 132-

9. 

Chiang L., Chiang W., Chang M., Ng L., Lin C. (2002). Antiviral activity of 

Plantago major extracts and related compounds in vitro. Antiviral Research, 

55(1): 53-62. 

Cloete TE. (2003). Resistance mechanisms of bacteria to antimicrobial compounds. 

International Biodeterioration & Biodegration, 51(4): 277-82 

Crozier A., Jaganath IB., Clifford MN., (2008). Plant secondary metabolites: 

occurrence, structure and role in the human diet. John Wiley & Sons. 

Curtis H., Noll U., Störmann J., Slusarenko AJ. (2004). Broad-spectrum activity of 

the volatile phytoanticipin allicin in extracts of garlic (Allium sativum L.) 

against plant pathogenic bacteria, fungi and Oomycetes. Physiological and 

Molecular Plant Pathology, 65(2): 79-89. 

Cushnie T., Lamb AJ. (2005). Antimicrobial activity of flavonoids. International 

Journal of Antimicrobial Agents, 26(5): 343-56. 

Dai J., Mumper RJ. (2010). Plant phenolics: extraction, analysis and their antioxidant 

and anticancer properties. Molecules, 15(10): 7313-52. 

Dapkevicius A., Venskutonis R., Van Beek TA., Linssen JP. (1998). Antioxidant 

activity of extracts obtained by different isolation procedures from some 

aromatic herbs grown in Lithuania. Journal of the Science of Food and 

Agriculture, 77(1): 140-6. 



© C
OPYRIG

HT U
PM

55 
 

Dash B., Faruquee H., Biswas S., Alam M., Sisir S., Prodhan U. (2011). 

Antibacterial and antifungal activities of several extracts of Centella asiatica 

L. against some human pathogenic microbes. Life Science and Medicinal 

Research, 2011: 1-4. 

De Waard PWF., Anunciado IS. (1999). Piper nigrum L. [Internet] Record from 

Proseabase. de Guzman, C.C. and Siemonsma, J.S. (Editors). PROSEA 

(Plant Resources of South-East Asia) Foundation, Bogor, Indonesia. 

Accessed from Internet: 22-Sep-2014 

Devoto A., Muskett PR., Shirasu K. (2003). Role of ubiquitination in the regulation 

of plant defence against pathogens. Current Opinion in Plant Biology, 6(4): 

307-11. 

Dey SK., Banerjee D., Chattapadhyay S., Karmakar KB (2010). Antimicrobial 

activities of some medicinal plants of West Bengal. International Journal of 

Pharma and Bio Sciences, 1(3): 1-10. 

Diastutia H., Delsy EVY. (2012). Isolation and identification of antioxidant 

compounds leaf betel seating (Piper sarmentosum Roxb. Ex Hunter). Jurnal 

Eksakta, 11(2): 86-90. 

Dillard CJ., German JB. (2000). Phytochemicals: nutraceuticals and human health. 

Journal of the Science of Food and Agriculture, 80(12): 1744-56. 

Englberger K. (2009). Invasive weeds of Pohnpei: A guide for identification and 

public awareness. Conservation Society of Pohnpei. Pp. 29 

Ernst M. (1998). Harmless herbs. A review of the recent literature. The American 

Journal of Medicine, 104(2): 170-8. 

Espín JC., García-Conesa MT., Tomás-Barberán FA. (2007). Nutraceuticals: facts 

and fiction. Phytochemistry, 68(22): 2986-3008. 

Fahy PC., Persley GJ. (1983). Plant bacterial diseases. A diagnostic guide. Academic 

Press Australia. 

Fernandez L., Daruliza K., Sudhakaran S., Jegathambigai R. (2012). Antimicrobial 

activity of the crude extract of Piper sarmentosum against methicilin-

resistant. European Review for Medical & Pharmacological Sciences, 16(3): 

105-111. 

Finney J. (1972). Probit Analysis. Cambridge Press, London. 2nd Edition. Pp. 295. 

Fresco L. (2005). Rice is life. Journal of Food Composition and Analysis, 18(4): 

249-53. 

Friedman M. (2007). Overview of antibacterial, antitoxin, antiviral, and antifungal 

activities of tea flavonoids and teas. Molecular Nutrition & Food Research, 

51(1): 116-34. 



© C
OPYRIG

HT U
PM

56 
 

Fukunaga K. (1966). Antibiotics and new fungicides for control of rice diseases. 

Proceeding Symposium on Plant Diseases in the Pacific. XIth Pacific 

Science Congress, Tokyo. Pp. 170-80. 

Georghiou GP., Saito T. (1979). Proceedings of the US-Japan Cooperative Science 

Program Seminar on Pest Resistance to Pesticides: Challenges and 

Prospects, Palm Springs, California (USA). Plenum Press. 

Ghasemzadeh A., Jaafar HZ., Rahmat A. (2011). Effects of solvent type on phenolics 

and flavonoids content and antioxidant activities in two varieties of young 

ginger (Zingiber officinale Roscoe) extracts. Journal of Medicinal Plant 

Research, 5(7): 1147-54. 

Ghosh A., Das BK., Roy A., Mandal B., Chandra G. (2008a). Antibacterial activity 

of some medicinal plant extracts. Journal of Natural Medicines, 62(2): 259-

62. 

Ghosh S., Subudhi E., Nayak S. (2008b). Antimicrobial assay of Stevia rebaudiana 

Bertoni leaf extracts against 10 pathogens. International Journal of 

Integrative Biology, 2(1): 27-31 

Gnanamanickam S., Priyadarisini VB., Narayanan N., Vasudevan P., Kavitha S. 

(1999). An overview of bacterial blight disease of rice and strategies for its 

management. Current Science, 77(11): 1435-44. 

Gnanamanickam SS. (2009). Major Diseases of Rice. Biological Control of Rice 

Diseases. Springer 8: 13-42.  

Grigonis D., Venskutonis P., Sivik B., Sandahl M., Eskilsson C. (2005). Comparison 

of different extraction techniques for isolation of antioxidants from sweet 

grass Hierochloe odorata. The Journal of Supercritical Fluids, 33(3): 223-

33. 

Gulluce M., Sahin F., Sokmen M. (2007). Antimicrobial and antioxidant properties 

of the essential oils and methanol extract from Mentha longifolia L. ssp. 

longifolia. Food Chemistry, 103(4): 1449-56. 

Han G., Ma Y., Li C. (1992). The studies of natural PAF antagonistic neoglinans 

from Piper genus and their structure-activity relationships. Beijing Yike 

Daxue Xuebo, 24: 347-50 

Harborne J., Corner JJ. (1961). Plant polyphenols. Hydroxycinnamic acid–sugar 

derivatives. Biochemical Journal, 81(12): 242-50. 

Harborne JB. (1998). Phytochemical methods: A Guide to modern techniques of 

plant analysis. Science. 

Haslam E., Lilley T., Cai Y., Martin R., Mangnolato D (1989). Traditional herbal 

medicines-the role of polyphenols. Planta Medica, 55(1): 1-8. 

Hättenschwiler S., Vitousek PM. (2000). The role of polyphenols in terrestrial 

ecosystem nutrient cycling. Trends in Ecology & Evolution, 15(6): 238-43. 



© C
OPYRIG

HT U
PM

57 
 

Heil M., Bueno JCS. (2007). Within-plant signaling by volatiles leads to induction 

and priming of an indirect plant defense in nature. Proceedings of the 

National Academy of Sciences, 104(13): 5467-72. 

Hendra R., Ahmad S., Sukari A., Shukor MY., Oskoueian E. (2011). Flavonoid 

analyses and antimicrobial activity of various parts of Phaleria macrocarpa 

(scheff.) boerl fruit. International Journal of Molecular Sciences, 12(6): 

3422-31 

Herald P., Davidson P. (1983). Antibacterial activity of selected hydroxycinnamic 

acids. Journal of Food Science, 48(4): 1378-9. 

Ho WF., Stuart B. (2003). High performance liquid chromatography (Vol. 17). E. R. 

Prichard (Ed.). Royal Society of Chemistry. 

Hsu B., Coupar IM., Ng K. (2006). Antioxidant activity of hot water extract from the 

fruit of the Doum palm, Hyphaene thebaica. Food chemistry, 98(2): 317-28. 

Hussain K., Ismail Z., Sadikun A., Ibrahim P. (2009). Antioxidant, anti-TB activities, 

phenolic and amide contents of standardised extracts of Piper sarmentosum 

Roxb. Natural Product Research, 23(3): 238-49. 

Hussain K., Ismail Z., Sadikun A., Ibrahim P., Malik A. (2008). In vitro 

antiagiogenesis activity of standardized extracts of Piper sarmentosum Roxb. 

Jurnal Riset Kimia, 1: 146-50. 

Inoue M., Suzuki R., Sakaguchi N. (1995). Selective induction of cell death in cancer 

cells by gallic acid. Biological and Pharmaceutical Bulletin, 18(11): 1526-

30. 

Jalil A., Azri M., Shuid AN., Muhammad N. (2012). Role of medicinal plants and 

natural products on osteoporotic fracture healing. Evidence-Based 

Complementary and Alternative Medicine, 2012: 1-7 

Karaman I., Şahin F., Güllüce M., Öǧütçü H., Şengül M., Adıgüzel A. (2003). 

Antimicrobial activity of aqueous and methanol extracts of Juniperus 

oxycedrus L. Journal of Ethnopharmacology, 85(2): 231-5. 

Karthigeyan K., Sumathi R., Jayanthi J., Diwakar P., Lakra G. (2004). Piper 

sarmentosum Roxb.—an addition to the flora of Andaman Islands. Current 

Science, 87(2): 140-1. 

Kawada M., Ohno Y., Ri Y. (2001). Anti-tumor effect of gallic acid on LL-2 lung 

cancer cells transplanted in mice. Anti-cancer Drugs, 12(10): 847-52. 

Kawsar SMA., Huq E., Nahar N., Ozeki Y. (2008). Identification and quantification 

of phenolic acids in Macrotyloma uniflorum by reversed-phase HPLC. 

American Journal of Plant Physiology. In press. 

Klement Z., Rudolph K., Sands D. (1990). Methods in phytobacteriology. Akademiai 

Kiado, Budapest, Hungary. Pp. 101-2.  



© C
OPYRIG

HT U
PM

58 
 

Kone WM, Kamanzi AK, Terreaux C, Hostettmann KTD, Dosso M. (2004) 

Traditional medicine in NorthCote d'Ivoire: Screening of 50 medicinal plants 

for antibacterial activity. Journal of Ethnopharmacology, 2004(93):43-49. 

Kudi A., Myint S. (1999). Antiviral activity of some Nigerian medicinal plant 

extracts. Journal of Ethnopharmacology, 68(1): 289-94. 

Kumar MS., Maneemegalai S. (2008). Evaluation of larvicidal effect of Lantana 

camara Linn against mosquito species Aedes aegypti and Culex 

quinquefasciatus. Biological Research, 2(3-4): 39-43. 

Lapornik B., Prošek M., Golc Wondra A. (2005). Comparison of extracts prepared 

from plant by-products using different solvents and extraction time. Journal 

of Food Engineering, 71(2): 214-22. 

Lattanzio V., Lattanzio VM., Cardinali A. (2006). Role of phenolics in the resistance 

mechanisms of plants against fungal pathogens and insects. Phytochemistry: 

Advances in Research, 661(2): 23-67. 

Leeja L., Thoppil J. (2007). Antimicrobial activity of methanol extract of Origanum 

majorana L. (Sweet marjoram). Journal of Environmental Biology, 28(1): 

145-6 

Li M., Xu Z. (2008). Quercetin in a lotus leaves extract may be responsible for 

antibacterial activity. Archives of Pharmacal Research, 31(5): 640-4. 

Maddox CE., Laur LM., Tian L. (2010). Antibacterial activity of phenolic 

compounds against the phytopathogen Xylella fastidiosa. Current 

Microbiology, 60(1): 53-8. 

Mahesh B., Satish S. (2008). Antimicrobial activity of some important medicinal 

plant against plant and human pathogens. World Journal of Agricultural 

Sciences 4(5): 839-43. 

Malavolta VMA AIMG, Malavolta Jr. VA. (1997). Characterization of Pseudomonas 

fuscovaginae on rice in Sao Paulo State, Brazil, and reaction of rice cultivars 

to the bacterium. Summa Phytopathologica (Brazil) 23: 29-35. 

Markham KR. (1982). Techniques of flavonoid identification (Vol. 31). London: 

Academic press. 

Masuda T., Inazumi A., Yamada Y., Padolina WG., Kikuzaki H., Nakatani N. 

(1991). Antimicrobial phenylpropanoids from Piper sarmentosum. 

Phytochemistry, 30(10): 3227-8. 

Matu EN., Van Staden J. (2003). Antibacterial and anti-inflammatory activities of 

some plants used for medicinal purposes in Kenya. Journal of 

Ethnopharmacology, 87(1): 35-41. 

Merkhoher M. (1993). Risk assessment methods: approaches for assessing health 

and environmental risks. Springer. 



© C
OPYRIG

HT U
PM

59 
 

Miean KH., Mohamed S. (2001). Flavonoid (myricetin, quercetin, kaempferol, 

luteolin, and apigenin) content of edible tropical plants. Journal of 

Agricultural and Food Chemistry, 49(6):  3106-12. 

Mitra R., Agricola S., Mitchell B., Orbell J., Gray C., Muralitharan MS. (2007). 

Medicinal plants of Thailand. Asia-Pacific Biotech News, 11(8): 508-18. 

Miyajima K. (1983). Studies on bacterial sheath brown rot of rice plant caused by 

Pseudomonas fuscovaginae Tanii, Miyajima & Akita. Report Hokkaido 

Prefecture Agricultural Experiment Station 43: 57-65. 

Mizukami T., Wakimoto S. (1969). Epidemiology and control of bacterial leaf blight 

of rice. Annual Review of Phytopathology, 7(1): 51-72. 

Mohanty S. (2013). Trends in global rice consumption. Rice Today, 12(1): 44-5. 

Muhammad Z., Mustafa AM. (1994). Traditional Malay Medicinal Plants. Kuala 

Lumpur, Malaysia: Fajar Bakti Sdn. Bhd. 

Mureiti JG. (2005). Use plant pesticide to control crop pest and produce healthy 

crops at low costs. The Soil Management Project (SMP): Kteenya 

Agricultural Research Institute (KARI). 

Mushore J., Matuvhunye M. (2013). Antibacterial properties of Mangifera indica on 

Staphylococcus aureus. African Journal of Clinical and Experimental 

Microbiology, 14(2): 62-74. 

Najib Nik A Rahman N., Furuta T., Takane K., Ali Mohd M. (1999). Antimalarial 

activity of extracts of Malaysian medicinal plants. Journal of 

Ethnopharmacology, 64(3): 249-54. 

Nascimento GG., Locatelli J., Freitas PC., Silva GL. (2000). Antibacterial activity of 

plant extracts and phytochemicals on antibiotic-resistant bacteria. Brazilian 

Journal of Microbiology, 31(4): 247-56. 

Nazer DW., Siebel MA. (2006). Reducing the environmental impact of the 

unhairing-limiting process in the leather tanning industry. Journal of Cleaner 

Production, 14(1): 65-74. 

Ncube N., Afolayan A., Okoh A. (2008). Assessment techniques of antimicrobial 

properties of natural compounds of plant origin: current methods and future 

trends. African Journal of Biotechnology, 7(12): 1797-1806 

Niamsa N., Chantrapromma K. (1983). Chemical constituents isolated from Piper 

sarmentosum Roxb. Songklanakarin. Journal of Science Technology, 5(2): 

151-2. 

Nostro A., Germano M., D’angelo V., Marino A., Cannatelli M. (2000). Extraction 

methods and bioautography for evaluation of medicinal plant antimicrobial 

activity. Letters in Applied Microbiology, 30(5): 379-84. 



© C
OPYRIG

HT U
PM

60 
 

Nychas GJE. (1995). Natural antimicrobials from plants. In new methods of food 

preservation. Springer US. Pp. 58-89 

Ong H., Norzalina J. (1999). Malay herbal medicine in Gemencheh, Negeri 

Sembilan, Malaysia. Fitoterapia, 70: 10-4. 

Parekh J., Karathia N., Chanda S. (2006). Screening of some traditionally used 

medicinal plants for potential antibacterial activity. Indian Journal of 

Pharmaceutical Sciences, 68(6): 832-34 

Parmar VS., Jain SC., Bisht KS. (1997). Phytochemistry of the genus Piper. 

Phytochemistry, 46(4): 597-673. 

Patel RJ., Patel A., Vaghasiya D., Nagee A. (2012). Antimicrobial Evaluation of 

Hibiscus rosa-sinensis plant extracts against some pathogenic bacteria. 

Bulletin of Environmental and Scientific Research, 1(3-4): 14-7. 

Pereira JA., Oliveira I., Sousa A. (2007). Walnut (Juglans regia L.) leaves: Phenolic 

compounds, antibacterial activity and antioxidant potential of different 

cultivars. Food and Chemical Toxicology, 45(11): 2287-95. 

Perry LM., Metzger J. (1980). Medicinal plants of east and southeast Asia: 

attributed properties and uses. MIT press. 

Peungvicha P., Thirawarapan S., Temsiririrkkul R., Watanabe H., Kumar Prasain J., 

Kadota S. (1998). Hypoglycemic effect of the water extract of Piper 

sarmentosum in rats. Journal of Ethnopharmacology, 60(1): 27-32. 

Pimentel D., Acquay H., Biltonen M. (1992). Environmental and economic costs of 

pesticide use. BioScience, 42: 750-60. 

Pongboonrod S. (1976). The medicinal plants in Thailand. Bangkok, Kasembanakit 

Press. Pp. 180 

Pongmarutai M. (1969). Study on antidiabetic action of Piper rostratum. Research 

Abstracts and Text Books 1989, K15. 

Pontes M., Marques J., Câmara J. (2007). Screening of volatile composition from 

Portuguese multifloral honeys using headspace solid-phase microextraction-

gas chromatography–quadrupole mass spectrometry. Talanta, 74(1): 91-103. 

Proestos C., Sereli D., Komaitis M. (2006). Determination of phenolic compounds in 

aromatic plants by RP-HPLC and GC-MS. Food Chemistry, 95(1): 44-52. 

Putnam AR., Tang CS. (1986). The science of allelopathy. John Wiley & Sons Inc., 

New York. Pp. 317 

Puzi SH., Abd Samah O., Sule A. (2011). Selective antimicrobial activity of Piper 

sarmentosum (Kaduk) against Pseudomonas aeroginosa. Current Topics in 

Nutraceuticals Research, 9: 31-4. 



© C
OPYRIG

HT U
PM

61 
 

Qin W., Huang S., Li C., Chen S., Peng Z. (2010). Biological activity of the essential 

oil from the leaves of Piper sarmentosum Roxb.(Piperaceae) and its 

chemical constituents on Brontispa longissima (Gestro)(Coleoptera: 

Hispidae). Pesticide Biochemistry and Physiology, 96(3): 132-9. 

Rabe T., Van Staden J., (1997). Antibacterial activity of South African plants used 

for medicinal purposes. Journal of Ethnopharmacology, 56(1): 81-7. 

Rauha JP., Remes S., Heinonen M. (2000). Antimicrobial effects of Finnish plant 

extracts containing flavonoids and other phenolic compounds. International 

Journal of Food Microbiology, 56(1): 3-12. 

Razak AA., Zainudin N., Sidiqe SNM., Ismail NA., Mohamad NMIN., Salleh B. 

(2009). Sheath brown rot disease of rice caused by Pseudomonas 

fuscovaginae in the Peninsular Malaysia. Journal of Plant Protection 

Research, 49(3): 244-9. 

Razali N., Mat Junit S., Abdul Muthalib AF., Subramaniam S., AbdulAziz A. (2012). 

Effects of various solvents on the extraction of antioxidant phenolics from 

the leaves, seeds, veins and skins of Tamarindus indica L. Food Chemistry, 

131(2): 441-8. 

Reguant C., Bordons A., Arola L., Rozes N. (2000). Influence of phenolic 

compounds on the physiology of Oenococcus oeni from wine. Journal of 

Applied Microbiology, 88(6): 1065-71. 

Reynolds V., Plumptre AJ., Greenham J., Harborne J. (1998). Condensed tannins and 

sugars in the diet of chimpanzees (Pan troglodytes schweinfurthii) in the 

Budongo Forest, Uganda. Oecologia, 115(3): 331-336. 

Ridtitid W., Rattanaprom W., Thaina P., Chittrakarn S., Sunbhanich M. (1998). 

Neuromuscular blocking activity of methanolic extract of Piper 

sarmentosum leaves in the rat phrenic nerve-hemidiaphragm preparation. 

Journal of Ethnopharmacology, 61(2): 135-42. 

Rios J., Recio M. (2005). Medicinal plants and antimicrobial activity. Journal of 

Ethnopharmacology, 100(1): 80-4. 

Romani A., Mulinacci N., Pinelli P., Vincieri FF., Cimato A. (1999). Polyphenolic 

content in five tuscany cultivars of Olea europaea L. Journal of Agricultural 

and Food Chemistry, 47(3): 964-7. 

Rosenthal GA. (1991). The biochemical basis for the deleterious effects of L-

canavanine. Phytochemistry, 30(4): 1055-8. 

Rott P. (1987). Brown rot (Pseudomonas fuscovaginae) of the leaf sheath of rice in 

Madagascar. Pp. 22 

Ruangsang P. (2006). Studies of the anti-inflammatory and antipyretic activities of 

the methanolic extract of Piper sarmentosum Roxb. leaves in rats. Journal of 

Science & Technology, 29(6): 1519-26 



© C
OPYRIG

HT U
PM

62 
 

Rukachaisirikul T., Siriwattanakit P., Sukcharoenphol K. (2004). Chemical 

constituents and bioactivity of Piper sarmentosum. Journal of 

Ethnopharmacology, 93(2): 173-6. 

Ryan D., Antolovich M., Prenzler P., Robards K., Lavee S. (2002). 

Biotransformations of phenolic compounds in Olea europaea L. Scientia 

Horticulturae, 92(2): 147-76. 

Sankh AC. (2010). Phytochemical investigation and antidiabetic activity of roots of 

Rotula aquatica lour. Journal of Pharmaceutical & Scientific Innovation, 

1(3): 14-18 

Saralamp P., Chuakul W., Temsiririrkkul R., Clayton T. (1996). Medicinal plants in 

Thailand Volume 1. Bangkok: Amarin Printing and Publishing Public Co., 

Ltd. 

Sarra S., Diarra L., Dembele M., Coulibaly M., Séré Y. (2010). Characterization of 

bacterial leaf blight epidemic in the Office du Niger (Mali) and search for a 

sustainable resistance against the pathogen. Second Africa Rice Congress, 

Bamako, Mali, 22–26 March 2010: Innovation and Partnerships to Realize 

Africa’s Rice Potential. 

Sawangjaroen N., Sawangjaroen K., Poonpanang P. (2004). Effects of Piper longum 

fruit, Piper sarmentosum root and Quercus infectoria nut gall on caecal 

amoebiasis in mice. Journal of Ethnopharmacology, 91(2): 357-60. 

Scalbert A. (1991). Antimicrobial properties of tannins. Phytochemistry, 30(12): 875-

83. 

Schäfer H., Wink M. (2009). Medicinally important secondary metabolites in 

recombinant microorganisms or plants: progress in alkaloid biosynthesis. 

Biotechnology Journal, 4(12): 1684-703. 

Schaller A., Ryan CA. (1996). Systemin a polypeptide defense signal in plants. 

BioEssays, 18(1): 27-33. 

Scott IM., Jensen HR., Philogène BJ., Arnason JT. (2008). A review of Piper 

spp.(Piperaceae) phytochemistry, insecticidal activity and mode of action. 

Phytochemistry Reviews, 7(1): 65-75. 

Shahid Chatha SA., Anwar F., Manzoor M., Rehman Bajwa JU. (2006). Evaluation 

of the antioxidant activity of rice bran extracts using different antioxidant 

assays. Grasas Y Aceites, 57(3): 328-35. 

Shen Y., Ronald P. (2002). Molecular determinants of disease and resistance in 

interactions of Xanthomonas oryzae pv. oryzae and rice. Microbes and 

Infections, 4(13): 1361-7. 

Siddhuraju P., Becker K. (2003). Antioxidant properties of various solvent extracts 

of total phenolic constituents from three different agroclimatic origins of 

drumstick tree (Moringa oleifera Lam.) leaves. Journal of Agricultural and 

Food Chemistry, 51: 2144-55. 



© C
OPYRIG

HT U
PM

63 
 

Singh B., Bhat TK., Singh B. (2003). Potential therapeutic applications of some 

antinutritional plant secondary metabolites. Journal of Agricultural and 

Food Chemistry, 51(8): 5579-97. 

Singh S., Srivastava R., Choudhary S. (2010). Antifungal and HPLC analysis of the 

crude extracts of Acorus calamus, Tinospora cordifolia and Celestrus 

paniculatus. Journal of Agricultural Technology, 6(1): 149-58. 

Smid EJ., Gorris LG. (1999). Natural antimicrobials for food preservation. Food 

Science and Technology, New York Marcel Dekker. 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. 

Letters in Applied Microbiology, 26(2): 118-22. 

Stankovic MS., Niciforovic N., Mihailovic V., Topuzovic M., Solujic S. (2012). 

Antioxidant activity, total phenolic content and flavonoid concentrations of 

different plant parts of Teucrium polium L. subsp. polium. Acta Societatis 

Botanicorum Poloniae, 81(2): 117-22. 

Stöhr JR., Xiao PG., Bauer R. (2001). Constituents of Chinese Piper species and their 

inhibitory activity on prostaglandin and leukotriene biosynthesis in vitro. 

Journal of Ethnopharmacology, 75(2): 133-9. 

Subramaniam V., Adenan MI., Ahmad AR., Sahdan R. (2003). Natural antioxidants: 

Piper sarmentosum (Kadok) and Morinda elliptica (Mengkudu). Malaysian 

Journal of Nutrition, 9(1): 41-51. 

Sukanya S., Sudisha J., Hariprasad P., Niranjana S., Prakash H., Fathima S. (2009). 

Antimicrobial activity of leaf extracts of Indian medicinal plants against 

clinical and phytopathogenic bacteria. African Journal of Biotechnology, 

8(23): 6677-82 

Takahi Y. (1985). Shirahagen RS (tecloftalam). Japan Pesticide Information 46: 25-

30. 

Tanii A., Miyajima K., Akita T. (1976). The sheath brown rot disease of rice plant 

and its causal bacterium, Pseudomonas fuscovaginae A. Tanii, K. Miyajima 

& T. Akita sp. nov. Annals of the Phytopathological Society of Japan, 42(5): 

540-8. 

Tawan C., Ipor I., Fashihuddin B., Sani H. (2002). A brief account on the wild Piper 

(Piperaceae) of the Crocker Range, Sabah. ASEAN Reviews of Biodiversity 

and Environmental Conservation (ARBEC), (July–September), 1–11. 

Taweechaisupapong S., Singhara S., Lertsatitthanakorn P., Khunkitti W. (2010). 

Antimicrobial effects of Boesenbergia pandurata and Piper sarmentosum 

leaf extracts on planktonic cells and biofilm of oral pathogens. Pakistan 

Journal of Pharmaceutical Sciences, 23(2): 224-31. 



© C
OPYRIG

HT U
PM

64 
 

Teoh YP., Don MM., Ujang S. (2011). Media selection for mycelia growth, 

antifungal activity against wood-degrading fungi, and GC-MS study by 

Pycnoporus sanguineus. BioResources, 6(3): 2719-31. 

Tuntiwachwuttikul P., Phansa P., Pootaeng OY., Taylor WC. (2006). Chemical 

constituents of the roots of Piper sarmentosum. Chemical and 

Pharmaceutical Bulletin, 54(2): 149-51. 

Tyler VE. (1999). Phytomedicines: back to the future. Journal of Natural Products, 

62(11): 1589-1592 

Vaghasiya Y., Nair R., Chanda S. (2007). Investigation of some Piper species for 

antibacterial and antiinflammatory property. International Journal of 

Pharmacology, 3(5): 400-5.  

Vaquero M., Alberto M., De Nadra M. (2007). Antibacterial effect of phenolic 

compounds from different wines. Food Control, 18(2): 93-101. 

Waniska RD. (2000). Structure, phenolic compounds, and antifungal proteins of 

sorghum caryopses. In Technical and institutional options for sorghum grain 

mold management: Proceedings of an international consultation (pp. 18-19). 

ICRISAT, Patancheru, India. 

Weiquan Z., Maoxin Z., Bing L., Zhengqiang P., WeiQuan Q. (2004). Influence of 

three volatiles from tropical rank grasses on behavior of Plutella xylostella. 

Journal of South China Agricultural University, 2004 (4): 39-42 

Wilson C., Tisdell C. (2001). Why farmers continue to use pesticides despite 

environmental, health and sustainability costs. Ecological Economics, 39(3): 

449-62. 

Wink M. (1999). Introduction: biochemistry, role and biotechnology of secondary 

products in Biochemistry of Secondary Product Metabolism. ed Wink M 

(CRC Press, Boca Raton, FL). Pp. 1-16. 

Www.Weizmann.Ac.Il/Plants.Plantmetabolomecourse/May092007.Pdf, 2007. Plant 

Phenolic Compounds. Retrieved on 17/9/2013. 

Yoshimura S. (1968). Chemical control of bacterial leaf blight disease of rice (in 

Japanese). Plant Protection Japan, 22: 29-32  

Youyong Z. (2004). Genetic diversity for rice disease sustainable control. Nature, 

406: 718-22 

Zaidan M., Noor Rain A., Badrul A., Adlin A., Norazah A., Zakiah I. (2005). In vitro 

screening of five local medicinal plants for antibacterial activity using disc 

diffusion method. Tropical Biomedicine, 22: 165-70. 

Zakaria Z., Patahuddin H., Mohamad A., Israf D., Sulaiman M. (2010). In vivo anti-

nociceptive and anti-inflammatory activities of the aqueous extract of the 

leaves of Piper sarmentosum. Journal of Ethnopharmacology, 128(1): 42-8. 


	ANTIBACTERIAL ACTIVITY AND CHEMICAL ANALYSIS OFMETHANOLIC EXTRACTS OF Piper sarmentosum Roxb.
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



