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ABSTRACT 

Purple yam sap extracts have secondary metabolite components which can be utilized as an antibacterial property. 

Secondary metabolite compounds found from the result of the preliminary study include saponins, tannins, flavonoids, 

phenols, alkaloids, and triterpenoids. The aim of this study was to analyze the antibacterial activity of sap extracts 

towards the growth of Staphylococcus aureus and Escherichia coli bacteria. The maceration method of 96% ethanol 

as a solvent was used to obtain purple yam sap extracts with a 48-hour maceration time. The effectiveness of bacterial 

inhibition zones based on the minimum inhibitory concentration (MIC) was carried out by testing eight concentrations 

of 0.01%, 0.02%, 0.04%, 0.06%, 0.08%, 0.15%, 0.20%, and 0.25% with tetracycline as a positive control and 

dimethyl sulfoxide (DMSO) as a negative control. The results showed that the minimum inhibition of purple yam sap 

extracts with the 0.01% concentration inhibited the growth of gram-positive Staphylococcus aureus bacteria with a 

medium category of inhibition zone of 8.62 mm. On the other hand, gram-negative Escherichia coli bacteria form a 

minimum inhibition zone of 9.30 mm. The maximum extract concentration in inhibiting the growth of Staphylococcus 

aureus and Escherichia coli bacteria was 0.25% (21.77 mm,13.35 mm), which was categorized as the strongest 

inhibition zone for bacterial growth. Accordingly, purple yam sap extracts macerated with 96% ethanol during the 48-

hour period with 0.01% extract concentration were effective in inhibiting the growth of gram-positive bacteria 

(Staphylococcus aureus) and gram-negative bacteria (Escherichia coli). 
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1. INTRODUCTION 

Yams (Dioscoreaspp) are able to grow in tropical 

and subtropical regions [1]. More than 600 species from 

the Dioscorea genus spread in various countries, 

including Indonesia, and some of which are 

Dioscoreaalata L (purple yam, coconut yam, keribang, 

and water yam), Dioscoreaesculanta (lesser yam), 

Dioscoreaopposite  (white yam), Dioscoreaavillosa 

(yellow yam), Dioscoreahispida (Indian three-leaved 

yam), and Dioscoreabulbifera (true yam/air potato) [2]. 

Apart from being a food crop, purple yam can be 

potentially utilized as traditional medicine.  Purple yam 

has sap/mucus that contains phytochemical compounds, 

and potentially serves as an antimicrobial aiming to 

control the growth of harmful bacteria and further kill 

the microbes [3]. The substances prevent bacterial 

growth by inhibiting the formation process, resulting in 

changes in the permeability in the bacterial cytoplasmic 

membrane. 

The sap in purple yam contains mannans and 

proteins (5-10%) that can affect the physicochemical 

properties of purple yam [4]. The sap on the surface of 
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purple yam contains alkaloid compounds as well as 

polysaccharides that form thick colloids [5]. Thick sap 

consists of polysaccharides (mannan and cellulose) and 

glycoproteins [6]. Meanwhile, the polysaccharides in 

purple yam consist of glucose, mannose, arabinose, 

galactose, rhamnose, and xylose [7]. 

The phytochemical components found in purple yam 

sap as based on the result of the preliminary study are 

alkaloids, tannins, saponins, flavonoids, phenols, 

glucomannans, and glycoproteins. In several studies, it 

is also shown that purple yam comprises flavonoids, 

phenols, terpenoids, tannins, saponins, alkaloids, 

polysaccharide groups, cardiac glycosides, organic 

acids, and oxalates [8] [9] [10]. 

The secondary metabolite components found in 

plants are alkaloids, terpenoids, tannins, and phenolics 

[11]. Further, plants containing saponins, phenols, 

flavonoids, tannins, alkaloids, terpenoids, 

sesquiterpenes, phorbol esters, glycoalkaloids, and 

lactones serve as antimicrobial agents [12]. The parts of 

plants that have secondary metabolite components can 

potentially be used as antimicrobials [13] [14]. 

Based on the study of the contents of purple yam sap 

components, it is hypothesized that this plant is effective 

in inhibiting bacterial growth or serving as an 

antibacterial in gram-positive and gram-negative 

bacteria. 

2. MATERIAL AND METHODS 

2.1 Purple Yam Types 

The raw material in this study was an 8-month-old 

purple yam obtained from the Enrekang Regency of 

South Sulawesi. 

2.2 Purple Yam Sap Extracts 

Purple yam sap extracts was obtained using the 

purple yam maceration method [16]. As many as 500 

grams of purple yam were macerated for three days 

using a single solvent (ethanol 96%). The sap extraction 

was done by vacuum filtering employing the Whatmann 

paper No. 1. The obtained filtrate was then evaporated 

using a rotary evaporator at a temperature of 60-75°C 

for 30 minutes. The sap extracts were then placed into a 

desiccator. 

2.3 Secondary Metabolite activities 

An analysis of secondary metabolite activities in 

purple yam sap was carried out by an identification 

using thin-layered chromatography (TLC) [16]. The 

thin-layered silica gel plate was made into a size of 6x7 

cm, and then the sample of purple yam sap extract was 

bottled into a thin layer with a capillary tube. The 

solvents used were butanol, glacial acid, sterile aquadest 

(1: 0,5: 0,5). The plate was then put into a chamber that 

had been filled with the solvents. After it dried, the 

plate was taken out from the chamber and dried with a 

vacuum dryer. An observation of the formed stains used 

the UV light 254 nm and UV 366 nm. Spraying plates 

with FeCl3 solvents (tannin, phenol), cytoborates 

(flavonoids), cerium sulfate (alkaloid), steroids 

(Liebermann Burchard), saponins (vanillin) was carried 

out. The plate was then heated until the color changed, 

and the color identification was then performed. 

2.4 Antimicrobial Activities 

The measurement of antimicrobial activities was 

done by using the agar diffusion method [17] [18]. The 

bacterial isolates encompassed Escherichia coli and 

Staphylococcus aureus bacteria. One needle of bacterial 

suspension was inserted into the Mueller-Hilton sterile 

media in laminar flow. A paper disk was impregnated / 

hatched with 0.25 ml of purple yam sap extracts based 

on concentrations of 1%, 2%, 4%, 6%, 8%, 15%, 20%, 

25%. Moreover, the paper disk was inserted into Petri 

dishes that had been applied to bacterial isolates, in 

which the positive control used DMSO (dimethyl 

sulfoxide) and the negative control utilized tetracycline. 

Petri dishes containing extracts and bacteria were 

incubated at 37°C for 18-24 hours. After 24 hours, a 

clear zone around the medium was measured using the 

calipers. 

3. RESULT AND DISCUSSION 

3.1 The yield of yam sap extracts and secondary 

metabolite components 

 

Figure 1. The extracts of purple yam sap extracted by 

ethanol 96% 
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The yield of purple yam sap extracts is accounted 

for 62,03%. Since ethanol as the solvent has a high 

polarity index, it is able to dissolve some active 

substances in the ingredients. Concentrated extracts 

resulted from the evaporation process contain polar 

compounds in the form of alkaloids, flavonoids, 

phenols, steroid saponins, and tannins. 

Table 1 presents the secondary metabolite 

components extracted as antibacterials. The 

identification of the active substances utilizes the TLC 

method (figure 2), where the separation of the active 

substance components (mobile phase and stationary 

phase) is based on the level of polarity. Therefore, there 

is a separation of the active ingredients in the extracts. 

The extracts on the TLC profile use 0.5 ml of glacial 

acid (elution) mobile phase: 1 ml of butanol: and 0,5 ml 

of distilled water. 

 

 

 

 

 

 

 

Figure 2. TLC profile of sap extracts with some 

formulations (a) vanillin sulfuric acid, (b) Fecl3, (c) 

Cytoborate, (d) Liebermann Burchard. 

The results obtained by using 254 nm UV light after 

the process of spraying and heating with the vanillin 

sulfuric acid reagent create a red, purple, and bluish 

colors. This shows that the color changes are the 

identification of the presence of active substances in the 

form of steroids and triterpenoids in the sap extracts. A 

study conducted by [19] reports that steroid 

identification is marked by changes in the color of the 

solution when adding concentrated sulfuric acid and 

anhydrous acetic acid. [20] also state that color changes 

in the identification of triterpenoid substances include 

orange-red to purple if they contain blue steroids. 

Table 1.Identification of active components in sap extracts. 

Types of active substances Reagents Stain colors Identification 

Alkaloids Dragendorff reagent Brownish-yellow + 

Phenols FeCl3 Bluish-black + 

Flavonoids Sitoborat Green fluorescence + 

Tannins FeCl3 Bluish-black + 

Saponins Liebermann Burchard Reddish-purple + 

Steroids/ triterpenoids Vanilinsulfuric acid Red, bluish-purple + 

Table 2. The diameters of the inhibition zone of the Escherichia coli growth. 

Sap extracts negative Gram bacteria inhibition zone 

(Ethanol 96 %) control (Escherichia category 

Concentration (DMSO) coli)  

1 % 6.6 mma 9.3 mm Moderate 

2 % 6.6 mma 8.4 mm Moderate 

4 % 6.6 mma 9.85 mm Moderate 

6 % 6.6 mma 10.9 mm Strong 

8 % 6.6 mma 10.05 mm Strong 

15 % 6.6 mma 11.85 mm Strong 

20 % 6.6 mma 13 mm Strong 

25 % 6.6 mma 13.35 mm Strong 

a paper disk diameter of 6.6 mm 
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FeCl3 is a typical reagent utilized to detect the 

presence of tannin and phenolic compounds. Based on 

the analysis, black and blue stains are formed during the 

process of spraying and after heating on the KLT plate 

that contains the extracts. These color changes identify 

the presence of phenol/polyphenol/tannin compounds. 

Color changes with the addition of Fecl3 will cause 

blackish or greenish-black, and blue colors [21]. 

The identification of the flavonoid component by 

editing the cytoborate under UV light 254 shows a 

glowing green. According to [22], the presence of 

flavonoid compounds is characterized by changes in 

greenish-yellow color after being sprayed with 

cytoborate reagent. The reagent of the Liebermann 

Burchard is used to detect the presence of saponins 

contained in the extracts which are characterized by the 

formation of purple color after the spraying process. 

Besides, Wagner and Baldt (1996) point out that 

spraying with the Liebermann Burchard experiment 

shows saponins. 

3.2. Inhibition zone activity 

3.2.1. Escherichia coli. 

The results indicate that purple yam sap extracts can 

inhibit the growth of Escherichia coli (gram-negative 

bacteria), proven by the formation of the inhibition zone 

around the medium that contains bacterial cultures and 

sap extracts. 

The results of the study (Table 2) regarding the use 

of extracts at concentrations of 1% to 25% inhibit the 

Escherichia coli bacteria. The use of negative control of 

dimethyl sulfoxide (DMSO) has no effect on bacterial 

inhibition. In addition, the effect of concentrations for 

the inhibition zone is based on the diameter, in which 

the greater the extraction concentration, the larger the 

diameter of the inhibition zone. The concentration of 

1% extract forms 9.3 mm in diameter, and includes in 

the medium category. However, the extract of 25% 

concentration forms 13.35 mm in diameter and is 

categorized in the strong category. This is based on a 

study by [24] signifying that determining the category 

of bacterial inhibitory strengths is based on the size of 

the formed diameter. The diameters of ≥ 20 mm, 10-20 

mm, 5-10 mm (inhibition zone), and 5 mm include in 

the very strong, strong, moderate, and weak categories, 

respectively. 

 

Figure 3. The Effect of extract concentrations on the 

inhibitory power on Escherichia coli bacteria. 

The testing results of the effect of extraction 

concentration (figure 3) show that a low concentration 

of 1% will give a small inhibitory power of 9,3 mm; the 

extract with a concentration of 25% forms a 

significantly greater zone of 13,35 mm%. This is due to 

the fact that the greater the concentration, the higher the 

number of components of the active/metabolite 

substances contained in the extracts. This is supported 

by [25] noting that the high concentration of ingredients 

will result in higher antimicrobial inhibition. 

Figure 4. The inhibition zone formed in the Escherichia 

coli 

Antibacterial activities against Escherichia coli 

bacteria (figure 4) are influenced by the concentration of 

the material. The high extracts lead to a large diameter 

in the media. Active ingredients in the extracts can 

function as antibacterials. Additionally, the secondary 

metabolite components that have been identified 

utilizing the TLC profile are phenols, tannins, 

steroids/saponins, and flavonoids, which serve as active 

substances that inhibit bacterial growth. Phenols cause 

bacterial cell membranes to be lysed due to protein 

coagulation [26]; tannins can activate microbial cell 

enzymes [27]; steroids result in damaged microbial cell 

plasma membranes [28]; flavonoids damage bacterial 

cells [29]; and alkaloids inhibit wall synthesis cell [30]. 

3.2.2. Staphylococcus aureus. 

The inhibition zone of the Staphylococcus aureus 

bacteria (Table 3) shows that the concentration 

variations give different formations of inhibitory 

diameter. The negative control of dimethyl sulfoxide 

(DMSO) which was used as a solvent for making 

concentration variations has no antibacterial activities in 
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order that the activities only come from the test 

solution. 

Following the results of the study on Table 3, the 

extract concentration of 1% leads to the diameter of the 

inhibition zone of 8.62 mm with the moderate category 

of inhibition. Nevertheless, the extract concentration of 

25% forms an inhibition zone of 21,77 mm and falls 

under a very strong category. In this case, the formed 

inhibition zone is one of the bacterial responses to 

purple yam sap ethanol extracts as antibacterial agents. 

[31] state in their study that ethanol extracts containing 

alkaloids, flavonoids, saponins, and tannins have the 

greatest ability to inhibit the growth of gram-positive 

Staphylococcus aureus bacteria. In the same tune, [32] 

also describes that the best antibacterial activities  

 

against gram-positive bacteria are found in the ethanol 

extracts from the vegetable hummingbird. 

 

Figure 5. The effect of extract concentrations on the 

inhibition of Staphylococcus aureus 

Figure 5 reveals that the extract concentration of 

25% has a very strong inhibitory activities compared to 

the inhibitory power formed in gram-negative 

Escherichia coli, implying that the gram-positive 

Staphylococcus aureus bacteria is more sensitive to 

antibacterial substances than Escherichia coli bacteria. 

The structure of the cell walls of each bacterium causes 

different levels of sensitivity. One gram-positive 

Staphylococcus aureus has two layers of cell wall, 

meanwhile, the Escherichia coli has a more complex 

cell wall layer. For this reason, the extract components 

diffuse more easily into the cell wall of Staphylococcus 

aureus bacteria. [33] opine that Escherichia coli 

bacteria have bilayer outer membranes, lipids, and 

peptidoglycans. 

The observation indicates that the diameter of the 

inhibition zone (figure 5) is the sensitivity response of 

the Staphylococcus aureus bacteria to the given amount 

of antibacterial concentrations. Antibacterial 

concentrations, incubation temperature, pH of the 

media, and the number of inoculums are factors that 

influence antibacterial activities. Additionally, 

differences in the active substance components in the  

 

extracts also cause differences in the length of the 

diameter of the inhibition zone. This is in accordance 

with [34] claiming that the size of the inhibition zone is 

affected by several things, such as antibacterial 

compounds, concentrations of antibacterial compounds, 

the sensitivity of organisms, and the speed of diffusion 

extracts. 

 

Figure 6. Inhibition zone formed in Staphylococcus 

aureus 

Table 3. Diameter of inhibition zone of Staphylococcus aureus growth 

Sap extracts Negative control of Gram bacteria(+) Inhibition 

(Ethanol 96 %) 

dimethyl sufoxide 

(DMSO) Staphylococcus aureus zone category 

Concentration    

1 % 6.6 mma 8,62 mm Moderate 

2 % 6.6 mma 10,25 mm strong 

4 % 6.6 mma 11,12 mm strong 

6 % 6.6 mma 10,67 mm strong 

8 % 6.6 mma 10,90 mm Strong 

15 % 6.6 mma 18,81 mm Strong 

20 % 6.6 mma 20,93 mm Very Strong 

25 % 6.6 mma 21,77 mm Very strong 
a paper disk diameter of 6.6 mm. 
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4. CONCLUSION 

This study concludes that the purple yam sap 

extracts have effective components to inhibit bacterial 

growth. The minimum inhibition zones of the 

Escherichia coli and Staphylococcus aureus bacteria 

with a concentration of 1% form the diameter of 9.3 mm 

and 8.62 mm, respectively. Each inhibition zone is a 

moderate inhibition with the smallest concentration of 

1%. The very strong inhibition, in contrast, is at the 

concentration of 25%. Moreover, ethanol extracts in 

purple yam sap have very strong inhibitory activities in 

gram-positive bacteria, compared to the gram-negative 

bacteria. 

ACKNOWLEDGMENTS 

The authors would like to send our gratitude to the 

Indonesian government for supporting this study 

through Beasiswa Unggulan Dosen Indonesia_Dalam 

Negeri (BUDI_DN) (LPDP), as well as all related 

parties who help the authors from the beginning to the 

publication process of this study. 

REFERENCES 

[1] Li PH, Huang CC, Yang MY, and Wang CCR 

2011 Textural and sensory properties of salted 

noodles containing purple yam flour.  J. Food 

Research International 1 -6. 

[2] Sri.W and Erwan. A.S 2013 

Characteristics of Prebiotic Flour Uwi 

(Dioscorea spp).  J. of Chemical Engineering. 8 

1 Bulbs 

[3]    Ganiswara 1995 Pharmacology and Therapy 
(University Indonesia : Jakarta) p 571-573. 

[4]     Indrastuti E, Harijono, and Bambang S 2012 
Characteristics of purple uwi flour (Dioscore 
alata L.) which is soaked and dried as an edible 
paper. J. Agricultural Technology. 13 169-176. 

 
 
 

[5] Tsukui, M T. Nagashima, H. Sato, T. Kozima, 
dan W. Tanimura1999 Characterization of yam 
(DioscoreaoppositaThunb.) mucilage and 
polysaccharide with different varieties. 
J.JpnSoc Food Sci Technol.46  575-580. 

 

[6] Estiasih. T, Wahyu. A. P, Nur, I. P 2012 

Hypoglycemic Activity of Water Soluble 

Polysaccharides of Yam (Dioscoreahispida 
Dents) Prepared by Aqueous, Papain, and 

Tempeh Inoculum Assisted Extractions. World 

Academy of Science, Engineering and 

Technology 6. 
 

[7] Adeosun, O.M., Arotupin, D.J., Toba, O.A., 
Adebayo, A.A 2016 Antibacterialactivities and 
phytochemical properties of extracts 

ofDioscoreabulbiferaLinn(Air Potatoe) tubers 
and peels against some pathogenic bacteria. J. 
Phytopharm.5 20–26. 

 

[8] Eleazu Co, Kolawole S, Awa E 2013 
Phytochemical composition and fungalaction 

of aqueous and ethanolic extracts of the peels 
of two yam varieties. Medaromat plants 2 128. 
Doi:10.4172/2167-0412.1000128 

 

[9] Shajeela, P.S., Tresina, P.S., Mohan, V.R., 
2013. Fatty acid composition of wild yam. J. 
Trop. Subtrop. Agroecosystems 16  35–38. 

 

[10] J.J Guil  Guerrero, l Ramos C, Morena J.C, 

Zuniga – Parades M, Carlosama-Yepez  2016 
Antimicrobial activity of plant-food by-
products: A review focusing on the tropics 
https://doi.org/10.1016/j.livsci.2016.04.021Get 
rights and content 

 

[11] Lewis, K., &Ausubel, F. M 2006 Prospects for 
plant-derived antibacterials. J. Nature 
Biotechnology,24 504 - 507. 

 

[12] Tajkarimi, M.M., Ibrahim, S.A., Cliver, D.O 
2010 Antimicrobial herb and spice compounds 
in food. J. Food Control 21 1199–1218. 

 

[13] Bajpai, V.K., Rahman, A., Kang, S.C 2008 

Chemical composition and inhibitory 
parameters of essential oil and extracts of 
Nandina domesticaThunb. to control food-
borne pathogenic and spoilage bacteria. Int. J. 
Food Microbiol. 125 (2) 117–122. 

 

[14] Tiwari, B.K., Vasillis, P., Colm, P.O.D., 
Kasiviswanathan, M., Paula B., Culle, P.J 2009 
Application of natural antimicrobials for food 
preservation. J. Agric. Food Chem. 57 (14), 
5987–6000. 

 

[15] Harbone, J. B 1985 Methods of plant analysis. 
In: Phytochemical Methods. (London : 
Chapman and Hall). 

 

[16] Salie, F., Eagle, P.F.K., Leng, H.M.J 1996 
Preliminary antimicrobial screening of four 
south African Asteraceae species. J. of 
Ethnopharmacology  52  27–33. 

 

Advances in Biological Sciences Research, volume 15

10

https://doi.org/10.1016/j.livsci.2016.04.021
https://doi.org/10.1016/j.livsci.2016.04.021


  

 

[18]     Ncube, N.S., Afolayan, A.J., Okoh, A.I 2008 
Assessment techniques of antimicrobial    
prop- erties of natural compounds of plant 
origin: current methods and future trends. J. 
lAfrican of Biotechnology 7   1797–1806. 

[19]     Rumagit HM, Runtuwenw MRJ, Sudevi S 2015 
Phytochemical test and antioxidant activity test 
of ethanol extract of Lamellodysideaherbacea 
sponge. J. Scientific Pharmacy 4 83-192. 

 

[20] Sangi, M.S., Momuat, L.I. danKumaunang, M 
2013 Oxicity test and phytochemical screening. 
J. Pharmacy 11 (01) ISSN 1693-3591 107 

 

[21] Artini, P.E.U.D., Astuti, K.W., and Warditiani, 
N.K 2013 Phytochemical test of rhizome 
bangle ethyl acetate extract (Zingiber 
purpureum Roxb.). J. Udayana Pharmacy. 

 

[22] Markham, K.R 1982 How to Identify 

Flavonoids (Bandung : Institute of 

Technology). 
 

[23] Wagner, H. and Bladt, S 1996 Plant Drug 
Analysis A Thin Layer Chromatrography 
(Berlin : Heidelberg ). 

[24] Mpila DA, Fatimawali, Wiyono WI 2012 

Antibacterial Activity Test of Ethanol Extract 
of Mayana Leaf (Coleus atropurpureus [L] 

Benth) against Staphylococcus aureus, 

Escherichia coli and Pseudomonas aeruginosa 
in In-Vitro. Faculty of Mathematics and 

Natural Sciences, Sam Ratulang University. 1 

(1), pp 13-21. 
 
 

[25] Amrie AGA, Ivan, Anam S, Ramadhanil 2014 
Effectiveness Test of Leaf Extracts and Roots 
of Harrisoni aperforata Merr. against the 

growth of Vibrio cholerae bacteria. J. of 
Natural Science 3 (3)  331-340. 

 

[26] Parwata IMOA, Dewi PFS 2008 Isolation and 

Antibacterial Activity Test of Essential Oil 

from Galangal Rhizome (Alpiniagalanga L.). J. 

Chemical 2 (2)   100-104. 
 

[27] Ngajow M, Abidjulu J, Kamu VS 2013 
Antibacterial Effect of steam  Matoa 
(Pometiapinnata) Skin Extract on 
Staphylococcus aureus Bacteria in vitro. J. of 
MipaUnsrat 2(2)   182-132. 

 

[28] Wiyanto   DB.   2010   Antibacterial   Activity   

Test   of   Seaweed   Extracts 

Kappa phycusal varezii and Eucheuma denti cullatum 

against Bacteria 
 

   [29]   Darmawati AASK, Bawa IGAG, Suirta IW 

2015 isolation and Identification of Flavonoid 

Compounds in Jackfruit Leaves (Artoca pus 

heterophyllus L mk) and Antibacterial Activity 

against Staphylococcus aureus Bacteria. J. 

Chemical 9  203-210. 
 

[30]  Nikham, Basjir TE 2012  Antibacterial Raw 

Materials from MahkotaDewa Fruit 

(PhaleriaMacrocarpa (Scheff) Boerl.) Results 

of Gamma Irradiation and Antibiotics on 

Pathogenic Bacteria. Proceedings of the 

Scientific Meeting of Materials Science and 

Technology. (South Tangerang :Serpong) 
 

 [31]  Fitriah, Mappiratu, Prismawiryanti 2017 

Antibacterial Activity Test of Johar Plant Leaf  

Extract (Cassia siameaLamk.) Using Several Levels of 

Solvent Polarity. J. chemical research. 3 (3), 

242-251 e-ISSN: 2477-5398 

[32]    Anantaworasakul P,   Klayraung   S,   Okonologi   

S 2011 Antibacterial Activities of  Sesbania 

grandiflora Extracts, J. Drug DiscovTher  5 (1)  

12- 17. Doi :10.5582/ddt.v5.1.12 
 

 [33]    Lia Febrina, Ida Duma Riris, Saronom Silaban 

2017 Activity antibacterial to Escherichia coli 

and antioxsidant of extract water of leaf binara 

plant (Artemisia vulgaris L.) after blanching.J. 

Chemistry Education.9 (2)  311-317 

 [34]    Prescott, LM 2005 Microbiology. J. Chemistry 

Education. (New York: Mc.Grow-Hill). 9 

(2)311-317 

 

Advances in Biological Sciences Research, volume 15

11


