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Abstract

Background and Objective: Centella asiatica belonging%amily umbelliferae pop known as pegagan, is very useful medicinal
plant as an antimicrobial. However, the results of the study comparing anti-microbial activif of leaf and root of € asiatica have not
been properly documented. This paper reported on aresearch on the antimicrobial effect of leaf and root of C asiatica ethanol, aqueous
and chloroform extracts against representative micro-organism. Materials and Methods: The ethanol, aqueous and chloroform extracts
of leaf and root of C asiatica against six bacteria namely, £scherichia coliy Staphylococcus aureus, Staphylococcus albus,
Streptococcus pyogenes, Psedomonas aeruginosa, Sreptococcus pneumonia and three fungi: Aspergillus niger, Aspergillus flavus,
Microsp@pium boulardii and one yeast Candida albicans were determined using agar well diffusion and paper disk methods.
Results: The results revealed that ethanol was the best extractive solvent for anti-microbial properties of leaf and root of C. asiatica
followed in order by chloroform and aqueous. The ethanol extracts C. asiatica root gave the widest zone of inhibition against bacteria
using agar well diffusion and the disc plate method. The growth of six bacterial isolates were inhibited by the three extracts except
P aeruginosa and S. pyogenes. Similarly, the growth of three test fungi were inhibited by ethanol and chloroform extracts while the
aqueous extract was the least effective on the test fungi. The best antifungal activity was recorded in ethanol extract of C asiatica root.
The minimum inhibitory concentration (MIC) for the ethanol extract was between 5.0 and 20.0 mgmL~"for fungi. Conclusion: This study
revealed thatthe C as;an'camt demonstrated strong inhibitory effect on the test organisms than C. asiatica leaf. The results therefore
established a good support forthe use of C asiatica in traditional medicine.
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INTRODUCTION

Pegagan (Centella asiatica) isa plant used as a traditional
medicine and having medicinal properties as well as formed
of fresh and dry gradients and already in the form of the
herb™. Pegagan has ingredients of alkaloids, flavonoids,
saponins, tannins and triterpenoid***. The plant is erect, tall,
large, much branched and perennialﬁ"’.lnlnanesia traditional
medicine, . asfatica is used as herbs to treat common
diseases such as fevers, rheunggtism, indigestion, cold, eczema
and diarrhea, moreover the secretions from the root bark is
traditionally used for the treatment of skin diseases,
enlargements of abdominal viscera and intestinal worms**%%.

The incidence of pneumonia is still quite high in some
countries and being the main reason of death in developing
countries''. It happens because the lack of drug availability
and the rise of the resistance problem due to the use of
antibiotics in the community>'*'*. The development of drug
resistance and the emergence of a variety of unwanted side-
effects of certain antibiotics have led the research should be
directed to find new antimicrobial substances from other
sources'. The plant became the main choice ofresearchersin
search of anti-microbial substance from another source
because itis easy to get it and used by various ethnic groups
intreatment*'. Traditional doctors in Indonesia and Malaysia
have claimed to have successfullybeen using the plantto cure
many diseases*.

Studies on microbialactivity C. asiatica against microbial
speciessuchas bacteria, fungi and yeast have been done''.
The differences of these studies lie in the type of extraction
solventused, the type of microbe used and the type oforgans
used as the source of the extract'®'”. In the type of solvent
used extraction which has been reported include aqueous,
ethanol, chloroform, acetone and other solvents®® 2,
Microbes used to test angiemicrobial activity of C asiatica
include bacteria from both Gram-positive and Gram-negative
groups, fungi and slightly yeast®#.In the type of organs that
have been used as a source of extract is the leaves, roots or
whole organs of C asiatica plants®'*. However, there is no
documentation of the results of the study comparing
anti-microbial ability of root and leaf extracts. Current
report, provided a new information on the comparison of
anti-microbial activity from various extracts of C asiatica
using known microbial pathogens as test organisms. The aim
of this research was to compare the anti-microbial ability
between roots and leaves organs of C tica ethanol,
aqueous and chloroform extracts against Escherichia coli
Staphylococcus aureus, Staphylococcus albus, Streptococcus

pyogenes, Streptococcus pneumonia, Aspergillus niger,
Aspergillus flavus, Microsporium boulardii and Candida
albicans.

MATERIALS AND METHODS

Collection and processing of plant samples: This research
project was conducted from July-November, 2016 in
Microbiology Laboratory of Medan State University. Fresh
C. asiatica were collected from Brastagiregion of Tanah Karo
Regency, North Sumatera province, Indonesia. The C. asiatica
botanically was done by a botanist of Herbarium Bogoriense.
The voucher speci of sample plants were prepared and
identified in the Herbarium Bogoriense, Lemba limu
Pengetahuan Indonesia (LIPI) Cibinong, Indonesia. Voucher
specimen was deposited in the Herbarium of Universitas
Negeri Medan Voucher number 203 and collection date 30
July 2016. The root was aseptically collected and centrifuged
using a bench centrifuge at 1,500 rev/min for 5 min. The
supernatant was discarded and the pellet was evaporated to
dryness using water bath at 100°C. Centella asiatica leaves
were sundried for4-6 days and blended into powder usingan
electric blender (Philips). The samples were stored in air tight
containers for further analysis®.

Test organisms: Ten micro-organisms used in this research as

organisms comprising of clinical isolates of 6 bacteria
(Escherichia coli Staphylococcus aureus, Staphylococcus
albus, Streptococcus pyogens, Psedomonas aeruginosa,
Streptococcus pneumoniae) and three fungi (Aspergillus
niger, Aspergillus flavus, Microsporioum boulardil) and one
yeast (Candidaalbicans) were obtained from the Miggobiology
Department in Medan State University. The varied cultures of
bacteria and fungi were sub-cultured on Nutrient agar (Oxoid)
and Sabouraud dextrose agar (Oxoid) slants respectively and
stored at 4°C until required for study'.

Extraction of plant extracts: Extraction of leaf and root of
C. asiatica was done with water, ethanol 60% and chloroform.
The leaf powder and the root (10 g each) were dissolved in
100 mL of each solvent. The suspended solutions were left to
stand for 5 days and labeled accordingly. The extracts were
filtered and stored™ @' at 4°C.

Antimicrobial test: The antimicrobial activities of aqueous,
chloroform and ethanol extracts were determined by filter
paper disc and agar well diffusion methods as described by
Jorgensen and Tumidge™.
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Paper disc technique: Sterile filter paper discs (7.0 mm
diameter) were soaked with the test extractsand driedat 40°C
for 30 min. The prepared nutrient agar plates were seeded
with each of the test bactegiggand the filter paper discs were
placed on each plate.mjﬁes were incubated at 37°C for
48 h.Thefungal isolates were similarly cultured on SDA plates

and incubated™ at 30°C for 72 h.

Agar well-diffusion: The culture plates seeded wi st
organisms were allowed to solidify and punched with a sterile
cork borer (7.0 mm diameter) to make opengaymlls. The open
wells were filled with 0.05 mL of the extract. The plates were
incubated at 37°C for 48 or the fungi, the test was
carried out on SDA plates and incubated at 30°C for 72 h.
The zones of inhibition were measured and recorded by
Prakash er al*.

Minimum inhibitory concentration: Different concentrations
of the leaves and root extract of C asiatica were prepared to
obtain 2.5, 5.0 and 7.5 mg mL"". Three drops of overnight
broth culture of the test organisms were inocul into the
dilutions and incubated at 37°C for 24 h. The lowest
concentration of the extracts that inhibited the growth of the
test organisms was recorded as the minimum inhibitory
concentration (MIC)*.

Kinetic study of the extracts: An overnight broth culture of

olf (5 mL) was mixed with fresh nutrient broth (45 mL)
%;)wed by the addition of 2 mL of the ethanol extracts of
C. asiatica leaf and root (10 mg mL"). For Candida albicans,
yeast extract dextrose broth was used. The mixture was
thoroughly shaken on a mechanical shaker. The optical
density (427 nm) was determined at 30 min intervals for 4 h
using spectrophotometer (Thermofisher)®.

Statistical analysis: All data were statistically analyzed with
SPSS software (version 16). One-way analysis of variance
(ANOVA) was used to study significant difference between
means and significance’ level at p = 0.05.

RESULTS

The widest zone of inhibition (10.0 mm) was
demonstrated by the ethanol extract of C asiatica root
against 5. aureus whilethe value dropped to 5.0 and 3.5 mm
for chloroform and water extract respectively when tested
against the same organism (Table 1). The zone of inhibition
was 14.1 mm for the ethanol extracts of C asiatica root
against £ colf when agar diffusion method was used as
against 9.0 mm for the paper disc method (Table 2). The
extract of ethanol and chloroform extract of both leafand root

Table 1: Antibacterial properties of C asiatica leaf and root extracts using paper disc method

Zone of inhibition (mm)

Aqueous extract

Ethanol extract Chloroform extract

Test organisms Leaf Root Leaf Root Leaf Root
£ colf 28 45° 6.5 9.0¢ 3.5° 6.54

5 aureus 1.0 g5t 8.0 10.0¢ 200 5.0¢

5 albus 1.6" 28 3.5 7.0™ 250 3.3

F. aeruginosa rXiy 6.5° 20 3.6
5 pvogeneses - - 35 5.5 20 3.7
5 pneumoniae 1.5° 0 4.0 7.5° 257 4.0°

Val ues followed by different letter along each vertical arenniﬂcantly different by Duncan's multiple range test (p<0.05), - No inhibiticn

Table 2: Antibacterial properties of C asiatica leaf and root extracts using open hole diffusion

Zone of inhibition (mm)

Aqueous extract

Ethanol extract Chloroform extract

Test organisms Leaf Root Leaf Root Leaf Root
E colf 250 6.0° 8.5¢ 14.1¢ 50¢ 8.5¢
5 aureus 3.0° 6.5° 7.0 12.0° 45° 7.5°
5 albus 1.52 4.5° 5.0° 9.0° 25 5.5
F. aeruginosa 1.00 A5 3.5 7.0 20 4.5
5 progeneses - 20 30 7.5 30 4.32
5 pneumoniae - o 4.5° 9.0° 350 5.5°

Values followed by different letter along each vertical are significantly different by Duncan's multiple range test (p<0.05), - No inhibition

200
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Fig. 1: Kinetics of antimicrobial activitiesmthanol extracts of C asiatica against £ colf

Table 3: Anti-fungal and anti-yeast properties of & asiatica leaf and root extracts

Zone of inhibition (mm)

Agqueous extract

Ethanol extract Chloroform extract

Test organisms Leaf Root Leaf Root Leaf Root
A niger 1.5 45 3.5° 85° 25° 6.5
A flavus 1.0 412 3.0 720 30 6.8
M boulardii - - 1.2 - 1.00 20
C albicans* F 4.6° 82 4.1¢ X

Values followed by different letter along each vertical are significantly different by Duncan's Multiple Range Test (P<0.05); - No inhibition* C albicansis yeast

Table 4: Minimum inhibitory concentration (mg mL~") of C. asiatica leaf and root extracts

Zone of inhibition (mm)

Aqueous extract

Ethanol extract Chloroform extract

Test organisms Root Leaf Root Leaf Root
E coli @ 7.5 500 25 50 25
5 aureus [ 7.5 75 5I0¢ 10.0¢ 5.00
5 albus 200° 125 125¢ 7.5 15.0¢ 10.0¢
F. aeruginosa ND 20,00 100 500 75° 500
5 pvogeneses ND 20.0¢ 758 5.00 12.5¢ 10.0¢
5 pneumoniae 17.5° 15.0¢ 100 5.0¢ 15.0 12,54
A niger 150 125 100 7.5 12,04 10.0°
A flavus 150¢ 10.0° 75" 5.0° 200° 15.0
M boulardii ND ND 17.5° 12.5¢ 200° 17.5¢
C albicans* ND ND 100 5.00 15.0¢ 10.0°

Values followed by different letter along each vertical are significantlydifferent by Duncan's multiple range test (p<0.05), = Mo inhibition, *C albicans is yeast,

ND: Mot detected

of C asiatica s ed activities against the three test fungi
with the widest zone of inhibition of 8.5 mm against A. niger
by the ethanol extract of the root (Table 3). The aqueous
extract of both leaf and root C asiatica showed no activity
against yeast C. albicans (Table 3). The root ethanol and
chloroform of € asiatica showed activities more effective
than leaf extract against yeast C albicans with zone of
inhibition 7.0-8.2 mm. The minimum inhibitory concentration
(MIC) values of the extracts referred to the highestgymivity
was recorded against £ colf (MIC 25 mgmL™) inganol
and chloroform extracts of C asiatica root and the lowest

201

activity was observed against Pseudomonas aeruginosa and
Streptococcus pyogenes (20mg mla} in aqueous extract of
theroot (Table 4). The study on the effect of plant extract on
the growth dynamics of £ coli when compared with the
normal growth curve showed that the ethanol extracts of leaf
was better characteristic exhibited £ co/i growth than the
ethanol extracts of root (Fig. 1). The effect of ethanol extracts
of leaf and root on the growth dynamics of C. albican when
compared with the normal growth curve showed that the
ethanol extracts of root was better characteristic exhibited
C. albican growth than the ethanol extracts of leaf (Fig. 2).
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Fig. 2: Kinetics of anti-microbial activitiesmthanol extracts of C. asiatica against Candida albicans

DISCUSSION

The results obtained indicated that both the leaves and
root of C asiatica have bactericidal cts on pathogenic
microorganisms. Table 1 referred to ethanol was the best
solvent to extract anti-microbial substances from this plant
compared with chloroform and  water. However, the
aqueous extract was not effective against £. aeruginosa and
5. pvogenes. The result agreed with previous studies that
there was a need to employ broad range of extractive solvents
inthe extractions of possible phytochemicals from medicinal
plants'*19112122 The agar well diffusion methods however,
gave larger zones of inhibition compared to paper disc
method (Table 2). According to previous researched agar
well diffusion method allows better diffusion of the extracts
into the medium thus enhancing contact with the
organisms''1*#+% Paper discs may act as a barrier between
the extract and the organisms thus, preventing total
diffusion of active components absorbed by the discsinto
the medium and may be responsible for the observed
differenceSMJ5,13,1‘),23,30.

Theresults of antifungal and anti yeast activities (Table 3)
indic thatthe extract of ethanoland chloroform extract of
both leafand root of C asiatica showed activities agt the
three test fungi and one yeast with the widest zone of
inhibition of 8.5 mmagainst A. niger by the ethanol extracts
of the root. However, fungi M. boulardii and yeast C. albicans
e not inhibited by aqueous extracts of both leaf and root
of the plant. The Minimum inhibitory concentration (MIC)
values of the extracts referred to the highest activity was
recorded against £ co/f (MIC2.5 mgmL ") in ethanol extracts
of C asiatica root and the lowest activity was observed
against Pseudomonas aeruginosa and Streptococcus
progenes (20mg mL™") in aqueous extract of the root.
However, aqueous extract of leafof C. asiatica had no activity
against two bacteria, £ aeruginosa and 5. pyogenes, one
fungi M. boulardii and one yeast C. albicans (Table 4).

3

The study on the gfect of plant extract on the growth
dynamics of £ colfand C albicans when compared with the
normal growth curve showed that the ethanol extracts of leaf
and root exhibited different characteristics on the two isolates
(Fig. 1, 2). The inhibitory effect of C asiatica was more
pronounced in the rootthan the leaf. It was observed that the
leaf extract could be said to be bacteriostatic while the root
pytract exhibited bactericidal effects®#21. The bactericidal
activity of C asiatica root could be due to the presence of
bioactive constituents of C. asiatica root'*'*'’*2_ Moreover, the
results agree with the use of root and leaf of C asiatica in
waste water treatment due to its bactericidal effect on £ coli
and other pathogens. The antifungal and antiyeast of root
extract of C asiatica could be said more potential than leaf
extract. It has been reported recently that C asiatica has
antimicrobial ability, but this study showed that root extracts
were much more effective both as anti-bacterial, anti-fungal
and even antiyeast'***#*** Based on the results of this study
we can say there is great hope for the development of the root
partof C. asiatica to obtain antimicrobial compounds that are
more promising and more effective.

CONCLUSION

The extracts of Centella asiatica leaf and root were
found to be effective anti-bacterial and antifungal agents
against pathogens. Root of C. asiatica ethanol extract is
more effective as an anti-fungal than C asiatica leaf ethanol
extract. Centella asiatica leaf extract efficacy as an
anti-bacterial isgguch better than root of C asiatica
ethanol extract. Further studies should be undertaken to
elucidate the exact mechanism of action by which e ts
exert their antimicrobial effect to identify the biologicalactive
ingredients which can be usedin drug development program
for safe he care services. The antimicrobial potential of
C. asiatica in terms of its efficacy and versatility is such that
further detailed research appears crucial.
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SIGNIFICANCE STATEMENTS 6.

Researched on microbial activity C asiatica have been
done, the differences of these studies lie in the type of
extraction solvent, type of microbe and type of organs used.
This research compared the antimicrobial activity of leaves
and roots aqueous, ethanol and chlo m extracts of
C. asiatica  against six bacteria (Escherichia colj
Staphylococcus aureus, Staphylococcus albus, Streptococcus
pvogens, Streptococcus pneumoniae) and three fungi
(Aspergillus  niger, Aspergillus flavus, Microsporioum
boulardi)) and one yeast (Candida albicans). Based on the
results of this study we can say there is great hope for the
development of the root part of C asiatica to obtain
antimicrcﬂal compounds that are more promising and more 10
effective. Further studies should be undertaken to elucidate
the exact mechanism of action root extracts exert their
antimicrobial effect which can be used in drug development

program for safe health care services. 1.

m(NOWLEDGMENTS

The authors would like to thank Ministry of Research
and Higher Education Republic Indonesia for providing
Fundamental Research Grants gpith grant number

188A/UN33.8/KU/2016. The authors would also like to thank 13.

Medan State University (UniversitasNegeri Medan)for
providing the necessary facilities.

REFERENCES

1. James, J.T. and L.A. Dubery, 2009. Pentacyclic triterpenoids
from the medicinal herb, Centefla asiatica (L) Urban.
Molecules, 14: 3922-3941.

2. Gohil, KJ, JA Patel and KG Anuradha, 2010.
Pharmacological review on Centella asiatica: A potential
herbal cure-all. Ind. J. Pharm. Sci,, 72: 546-556.

3. Jagtap,N.S,5.5.Khadabadi,D.S. Ghorpade, N.B.Banarase and
S.S. Naphade, 2009. Antimicrobial and antifungal activity of
Centella asiatica(L)Urban, Umbeliferae. Res. J. Pharm. Tech,,
2:328-330.

4. Somboonwong, J, M. Kankaisre, B. Tantisira and
M .H. Tantisira, 2012. Wound healing activities of different

extracts of Centella asiatica in incision and burn wound 17.

models: An experimental animal study. BMC Complement.
Altern. Med,, Vol. 12, No. 1. 10.1186/1472-6882-12-103.

5. Zainol, N.A, S.C. Voo, M.R. Sarmidi and R.A. Aziz, 2008.
Profiling of Centellaasiatica(L.) urbanextract. Malays. ). Anal.
Sci,, 12:322-327.

203

Kim, W.J., J.Kim, B. Veriansyah, J.D.Kim, Y. W. Lee, 5.G.Oh and
R.R.Tjandrawinata, 2009. Extraction ofbioactive components
from Centella asiatica using subcritical water. J. Supercrit.
Fluids, 48: 211-216.

Hashim, P., 2011. Centella asiatica in food and beverage
applications and its potential antioxidant and
neuroprotective effect. Int. Food Res. J,, 18:212-217.
Restuati, M. and D.S. Diningrat, 2018. Antimicrobial profile of
Fremna pubescens. blume and Centella asiatica extracts
against bacteria and fungi pathogens. Int. ) Pharmacol,
14:271-275.

Dash, B.K, H.M. Faruquee, SK. Biswas, M.K. Alam, S.M. Sisir
and U.K.Prodhan, 2011. Antibacterial and antifungal activities
of several extracts of Centella asiatical.against some human
pathogenic microbes. Life Sci. Med. Res., 35: 1146-1150.

. Arumugam, T, M. Ayyanar, YJ.K. Pillai and T. Sekar, 2011.

Phytochemical screening and antibacterial activity of leafand
callus extracts of Centella asiatica. Bangladesh J. Pharmacol.,
6: 55-60.

Devi, N.N. and J.J. Prabakaran, 2014. Bicactive metabolites
from an endophytic fungus Penicillium sp. isolated from
Centella asiatica. Curr. Res. Environ. Applied Mycol,, 4:34-43.
Tan,P.W, CP.Tanand CW.Ho, 2011. Antioxidant properties:
Effects of solid-to-solvent ratio on antioxidant compounds
and capacities of Pegaga (Centella asiatica). Int. Food Res. J,,
18:557-562.

Belcaro, G, F.X. Maquart, M. Scoccianti, M. Dugall and
M. Hosoi et af, 2011. TECA (Titrated Extract of Centella
Asiatica): New microcirculatory, biomolecular and vascular
application in preventive and clinical medicine. A status
paper. Panminerva Medica, 53: 105-118.

Jorgensen, J. and J. Turnidge, 2015. Susceptibility Test
Methods: Dilution and Disk Diffusion Methods. In: Manual of
Clinical Microbiology, 7th Edn., Jorgensen, J., M. Pfaller, K.
Carroll, G. Funke, M. Landry, S. Richter and D. Warnock (Eds.).,
ASM Press, Washington, DC, pp: 1253-1273.

. Ncube, N.S, AJ. Afolayan and Al Okoh, 2008. Assessment

technigues ofantimicrobial properties of natural compounds
of plant origin: Current methods and future trends. Afr. J.
Biotechnol., 7: 1797-1806.

Wiegand, |, K. Hilpert and REW. Hancock, 2008. Agar and
broth dilution methods to determine the Minimal Inhibitory
Concentration (MIC) of antimicrobial substances. Nat.
Protocol., 3: 163-175.

Quchi, A, K. Aizawa, Y. lwasaki, T. Inakuma, J. Terao,
SI. Nagaoka and K. Mukai, 2010. Kinetic study of the
quenching reaction of singlet oxygen by carotenoids and
food extracts in solution. Development of a Singlet Oxygen
Absorption Capacity (SOAC) assay method. J. Agric. Food
Chem., 58: 9967-9978.




20.

21.

22,

23.

24,

25.

26.

J. Med. 5ci, 18 (4): 198-204, 2018

Balouiri, M., M. Sadiki and S.K. Ibnsouda, 2016. Methods for
in vitro evaluating antimicrobial activity: A review. J. Pharm.
Anal., 6:71-79.

Yadav, R.N.5.and M. Agarwala, 201 1. Phytochemical analysis
of some medicinal plants. J. Phytol,, 3:10-14.

Irshad, S, M. Mahmood and F. Perveen, 2012. /n-vitro
anti-bacterial activities of three medicinal plants using Agar
well diffusion method. Res. J. Biol,, 2: 1-8.

Vadlapudi, V., M. Behara, D.SV.GK. Kaladhar, S5. Kumar,
B. Seshagiri and MJ. Paul, 2012. Antimicrobial profile of
crude extracts Calotropis procera and Centefla asiatica
against some important pathogens. Indian J. Sci. Technol.,
5:3132-3136.

Areekul,V.,P. Jiapiyasakul and A.Chandrapatya, 2009. in vitro
antimicrobial screening of selected traditional Thai plants.
Thai J. Agric. Sci., 42: 81-89.

Ahmad, T., M. Kamruzzaman, M.M. Islam, M. Hasanuzzaman,
A.Ahmed and D.K. Paul, 2016. /n vitroantimicrobial activity of
different extracts of long pepper (Pjper longum) and water
cress (Enhydra fluctuans) against different pathogenic
bacterial strains. J. Med. Plants, 4:241-247.

Ahmad, T, M. Kamruzzaman, M. Ashrafuzzaman, A. Ahmad,
L.A.Lisa and DK. Paul, 2015. /n wvitro antimicrobial activity of
different extracts of gotu kola and water spinach against
pathogenicbacterial strains. Curr. Res. Microbiol. Biotechnol.,
3:663-609.

Vaishnavi, S, P.E.Chaly, S.Girija, R.Raghuraman, K. PandiSuba
and V. Priyadharsini, 2015. Antimicrobial activity of Gotukola
leaves and Neem leaves-A comparative /n wvitro study. J.
Ayurveda Holistic Med,, 3: 11-15.

Prakash, V., N. Jaiswal and M. Srivastava, 2017. A review on
medicinal properties of Centella asiatica. Asian J. Pharm. Clin.
Res., 10:69-74.

204

27.

28.

29.

30.

31.

32

33.

34.

Vasavi, HS,, AB. Arun and P.D. Rekha, 2016. Anti-quorum
sensing activity of flavonoid-rich fraction from Centella
asiatica L. against Pseudomonas aeruginosa PAO1. J.
Microbiol. Immunol. Infect., 49: 8-15.

Francis, S.C. and M.T. Thomas, 2016. Essential oil profiling of
Centella asiatica(L.)Urb -Amedicinallyimportant herb. South
Indian J. Biol. Sci, 2: 169-173.

Sen, KK, R. Mehta, H.K. Kala, R. Tandey, K.B.S. Chouhan and
V.Mandal, 2018. Ten years of research on Centella asiatica A
consolidated review through data mining from scopus. Res.
Rev.J. Pharmacogn., 4: 13-18.

Jayaprakash, SB. and N. Nagarajan, 2016. Studies on the
bicactive compounds and antimicrobial activities of
medicinal plant Centella asiatica (Linn). J. Med. Plants,
4:181-185.

Bhowmik, S, RA. Chowdhury and MA. Uddin, 2016.
Microbiological analysis and detection of anti-bacterial
activity of Centella asiatica and Aloe vera samples collected
from different areas of Dhaka city, Bangladesh. Stamford J.
Microbiol., 6: 39-43.

Deshpande, P.O, V. Mohan and P. Thakurdesai, 2015.
Preclinical safety assessment of standardized extract of
Centella asiatica (L) urban leaves. Toxicol. Int, 22: 10-20.
Polash, 5.A, T. Saha, M.5. Hossain and S.R. Sarker, 2017.
Phytochemical contents, antioxidantand antibacterial activity
of the ethanolic extracts of Centella asiatica(L.) Urb. leaf and
stem. Jahangirnagar Univ. J. Biol. Sci,, 6: 51-57.

Aftab, A., ZD. Khan, Z. Yousaf S. Javad and
B. Shamsheer et al, 2017. Exploration of
ethnopharmacological potential ofantimicrobial, antioxidant,
anthelmintic and phytochemical analysis of medicinally
important plant Centella asiatica(L.) Urbanin Mart. and Eichl.
Am. J. Plant Sci,, 8: 201-211.




Antimicrobial Activities of Centella asiatica Leaf and Root

Extracts on Selected Pathogenic Micro-organisms

ORIGINALITY REPORT

16.. 13, 10+ 4.

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

archives.foodsafety.ksu.edu

Internet Source

1o

biopublisher.ca

Internet Source

1o

[

www.jmbfs.org

Internet Source

1o

[

www.scialert.net

Internet Source

1o

£l

Nwidu, LL, PA Nwaforb, and W Vilegas.
"Antimicrobial activity of Carpolobia lutea
extracts and fractions", African Journal of

Traditional Complementary and Alternative
Medicines, 2012.

Publication

1o

link.springer.com

Internet Source

1o

[0

jpsr.com

Internet Source

1o

astonjournals.com

Internet Source

1o



www.mdpi.com

Internet Source

1o

ﬁlti\rlritpse;ﬁcee.library.dal.ca <1 o
S <1«
sl G <1«
Irn?e;r?wce)tg,si;tjx'ey.unair.ac.id <1 "
I\L\QNm\é\t/:szllirl/eedavision.com <1 "
gigmgt:e?d to SASTRA University <1 "
EZS\,T:;C; to University of Northumbria at <1 o
Student Paper
o o) <1
M.K Zainol, A Abd-Hamid, S Yusof, R Muse. <1 o

"Antioxidative activity and total phenolic
compounds of leaf, root and petiole of four
accessions of Centella asiatica (L.) Urban",
Food Chemistry, 2003

Publication

Submitted to Coventry University



Student Paper

<1 %
Submitted to Mae Fah Luang Universit
Student Paper g y <1 %
Tarun Belwal, Harish C. Andola, Maria S. <1 o
Atanassova, Bhasker Joshi et al. "Gotu Kola °
(Centella asiatica)", Elsevier BV, 2019
Publication
Submitted to Universiti Teknologi MARA
Student Paper g <1 %
Nani Radias Tuti, Dwi Ningsih Susilawati, Nur <1
. %
Hasni. "ENDOPHYTIC FUNGI
COMMUNITIES FROM Centella asiatica OF
BENGKULU ACCESSION", Fungal Territory,
2019
Publication
crmb.aizeonpublishers.net
Internet Source p <1 %
hdl.handle.net
Internet Source <1 %
Bojtanlcal Lgads for Drug .Dlscovery., <1 o
Springer Science and Business Media LLC,
2020
Publication
Jun Xian Wong, Suzita Ramli. "Antimicrobial <1 o,

Activity of Different Types of Centella asiatica
Extracts against Foodborne Pathogens and



Food Spoilage Microorganisms", LWT, 2021

Publication

Yee Meng Chong, Wai Fong Yin, Chia Yong <1 o
Ho, Mohamad Rais Mustafa et al. " °
Malabaricone C from Exhibits Anti-Quorum
Sensing Activity ", Journal of Natural Products,

2011
Publication

Faigah F. Umar, Dirayah R. Husain, . <1 o
Mochammad M. Hatta, Rosdiana R. Natzir et
al. "Molecular characterisation of mutations
associated with resistance to first- and
second-line drugs among Indonesian patients
with tuberculosis", Journal of Taibah
University Medical Sciences, 2020
Publication

Reinert, J. A., P. Busey, and F. G. Bilz. "OId <1 o
World St. Augustinegrasses Resistant to the °
Southern Chinch Bug (Heteroptera:

Lygaeidae)", Journal of Economic
Entomology, 1986.
Publication

31 it <1

Ip:tler:nr;tasc;IJreczaaIIenpress.com <1 o

33 text-id.123dok.com <1 o

Internet Source




www.aiirjournal.com

Internet Source

w
B

<1%

www.banglajol.info

InternetSourceg J <1 %
www.doria.fi

Internet Source <1 %
www.frontiersin.or

Internet Source g <1 %

Nat.ural Produ.cts , Springer Science and <1 "
Business Media LLC, 2013
Publication

Parvaze Ahmad Wani, Olaoye Felix Ades, <1 o

of Biological Sciences, 2019

Publication

Shazia Wahid, Oladapo Rahman Sal, Neelofar
Jan. "Antioxidant Phytochemical Screening
and Antimicrobial Activity of Ficus exasperata
Against Pathogens in Nigeria", Asian Journal

Exclude quotes Off
Exclude bibliography  Off

Exclude matches

Off



	Antimicrobial Activities of Centella asiatica Leaf and Root Extracts on Selected Pathogenic Micro-organisms
	by Diky Setya Diningrat

	Antimicrobial Activities of Centella asiatica Leaf and Root Extracts on Selected Pathogenic Micro-organisms
	ORIGINALITY REPORT
	PRIMARY SOURCES


