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Abstrak. Aloe vera merupakan tanaman herbal yang mengandung beberapa zat aktif yang telah terbukti mempunyai efek
antibakteri untuk berbagai macam bakteri. Dapat ditemukan banyak infeksi yang disebabkan oleh bakteri gram negatif. Beberapa
bakteri gram negatif ini memproduksi enzim  lactamase mutan, yang diketahui sebagai Extended Spectrum Beta Lactamase
(ESBL). Bakteri ESBL resisten terhadap beberapa macam antibiotik dalam golongan beta laktam, hal ini menjadi salah satu
permasalahan utama di rumah sakit. Berdasarkan latar belakang yang ada, tujuan dari studi ini adalah untuk membandingkan efek
antibakteri dari ekstrak etanol daun lidah buaya terhadap Escherichia coli ESBL dan Klebsiella pneumoniae ESBL. Studi ini
merupakan eksperimental laboratorium. Konsentrasi Hambat Minimal (KHM) dan Konsentrasi Bunuh Minimal (KBM)
ditentukan dengan metode dilusi. Konsentrasi yang digunakan pada penentuan KHM untuk kedua bakteri adalah 90%; 80%; 70%;
60%; 50%; 40%; 30%; dan 20%. Penentuan KBM dilakukan dengan cara penanaman suspensi dari muller hinton broth pada
nutrient agar plate. Hasil yang didapatkan dianalisis menggunakan metode deskripsi. KHM untuk kedua bakteri ditemukan pada
konsentrasi yang sama yaitu 80% (8 g ml-1). KBM untuk kedua bakteri juga ditemukan pada konsentrasi yang sama yaitu 80% (8
g ml-1). Penentuan KHM dan KBM dilakukan sebanyak 10 kali replikasi. Dapat disimpulkan bahwa ektrak etanol daun lidah
buaya tidak mempunyai efektivitas yang berbeda terhadap Escherichia coli ESBL dan Klebsiella pneumoniae ESBL.
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Abstract. Aloe vera is a herbal which has some active substances that have been proven for its antibacterial effect for some
bacterias. There are many infections caused by gram negative bacterias. Some of gram negative bacterias produce mutant
lactamase enzyme, that known as Extended Spectrum Beta Lactamase (ESBL). ESBL bacteria are resistant to some antibiotics in
beta lactam class and become one of main problem in hospital. Based on this background, the aim of this study was to compare
the antibacterial activity of aloe vera leaves ethanol extract between Escherichia coli ESBL and Klebsiella pneumoniae ESBL.
This study was a lab experimental. Minimum Inhibitory Concentration (MIC) values and Minimum Bactericidal Concentration
(MBC) values were determined by dilution method. The concentration used in MIC determination for both bacteria is 90%; 80%;
70%; 60%; 50%; 40%; 30%; and 20%. The MBC values were determined by suspension streaking from muller hinton broth on
nutrient agar plate. The result is analyzed with description method. The MIC value for Escherichia coli ESBL and Klebsiella
pneumoniae ESBL is found in the same concentration which is 80% (8 g ml-1). The MBC values for Escherichia coli ESBL and
Klebsiella pneumoniae ESBL also found in the same concentration 80% (8 g ml-1). MIC and MBC values have been proved in
the first until tenth replications. Thus, aloe vera leaves ethanol extract has no different effectiveness against Escherichia coli
ESBL and Klebsiella pneumoniae ESBL.

Keywords: Escherichia coli ESBL - Klebsiella pneumoniae ESBL - Aloe vera leaves - antibacterial - dilution method

Introduction

Extended Spectrum [-Lactamases (ESBL) is a
plasmid enzyme that could hydrolyze and
deactivate some of beta lactam antibiotics, such
as third generation of cephalosprin, penicillin
and aztreonam[1]. This enzyme is a mutation of
TEM and SHV beta-lactamase enzyme that

could be found in Enterobacteriaceac. TEM
enzyme is coded by antibiotic resistant gen that
located in plasmid.SHV enzyme is coded by
antibiotic resistant gen that located in
chromosome. This mutation usually happens in
enzyme active site, that turns out to be higher
activation of the enzyme.This resistant
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mechanism could be happen because of the
improper use of antibiotics.

ESBL mostly found in Enterobacteriaceae, such as
Escherichia coli and Klebsiella pneumoniae. This
bacteria could be found in community infection, but
it’s more often happens by nosocomial infection.
ESBL is known as the main cause of UTI,
peritonitis and abscess [2].

Carbapenem is still being used for the main therapy
of ESBL infection [3]. Although carbapenem is
effective for ESBL, antibiotic therapy is still pretty
expensive from the economic side. Also prevention
of antibiotic resistant by the excessive use of
antibiotic is needed. Thus, we need an alternative
therapy for ESBL infection.

Aloe vera as one of herbal plant, could be used for
ESBL alternative therapy. From the previous study,
aloe vera known to has some active substances that
have antibacterial effect such as anthraquinone,
aminoglycoside, saponin and fenol [4]. In some
previous study, aloe vera extract has been proved
for its antibacterial effect for some gram positive
bacteria, such as Streptococcus mutans [5] and
Staphylococcus spp. [6]. In previous study, aloe
vera also found to be effective in some gram
negative bacteria by diffusion method, even in the
ESBL bacteria like Escherichia coli ESBL
andKlebsiella pneumonia ESBL[7]. The aim of this
study is to compare the antibacterial activity of aloe
vera leaves ethanol extract between Escherichia
coli ESBL and Klebsiella pneumoniae ESBL.

Materials and methods

The sample of Aloe vera leaves ethanol extract is
extracted in Balai Materia Medica Batu, East Java
Indonesia, and the sample of Escherichia coli ESBL
&Klebsiella  pneumoniae ESBL  were from
Microbiology Laboratory Faculty of Medicine
Airlangga University.

Aloe vera leaves ethanol extract preparation

Peel the skin of aloe vera leave, and dry it. Puree
the skin of aloe vera leave with blender and weigh
for 2 kg and macerate with 2000ml of

ethanolproanalysis in room temperature for 72
hours. Filter the suspension and then steam it
withVacum Rotary Evaporatorin 35°C to separate
the solvent and the extract [8].

Escherichia coli ESBL and Klebsiella pneumoniae
ESBLsuspension preparation

Make the Escherichia coli ESBL andKlebsiella
pneumoniae ESBLsuspension in the Mueller Hinton
broth until the turbidity is as much as the turbidity
of 0,5 McFarland. Use inoculum standard 10°
CFUml-1 for dilution method.

Experiment steps

This study is using macro dilution method. From
dilution method we could get Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal
Concentration (MBC). The steps are: Prepare 10
tubes for the experiment, and named it T1-T8 for
bacterial suspension; and K+ & K- for control. Fill
K- tube with 2 ml of aloe vera leaves ethanol
extract with 100% concentration. Fill K+ tube with
2 ml of bacterial suspension. Fill T1 tube with 1,8
ml of aloe vera leaves ethanol extract , 2 pl of
bacterial suspension, and 198 ul of MH broth.So the
aloe vera leaves ethanol extract concentration in the
tube will become 90%. Fill T2 tube with 80% aloe
vera leaves ethanol extract. Fill T3 tube with 70%
aloe vera leaves ethanol extract. Fill T4 tube with
60% aloe vera leaves ethanol extract. Fill TS5 tube
with 50% aloe vera leaves ethanol extract. Fill T6
tube with 40% aloe vera leaves ethanol extract. Fill
T7 tube with 30% aloe vera leaves ethanol extract.
Fill T8 tube with 20% aloe vera leaves ethanol
extract.Incubate all the tubes for 24 hours in37°C
temperature. The MIC is determine by the smallest
concentration of aloe vera leaves ethanol extract in
the tube, which its suspension changes from turbid
into clear. Take the suspension from each tube,
plant it to Nutrient Agar plate and incubate for 24
hoursin 37°C. The MBC is determine by the
smallest concentration of aloe vera leaves ethanol
extract in the tube, which doesn’t show bacterial
colony growth after being plant on nutrient agar
plate. All these steps are treated for Escherichia coli
ESBL and Klebsiella pneumoniae ESBL separately,

with 10 times replications for each bacteria.
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Data analysis
All the data will be presented and analyzed by
description method.

Ethical clearance

The study protocol was approved by the Medical
Research Ethics Committee of Faculty of Medicine
Airlangga University, Surabaya, Indonesia [Komite
Etik Penelitian Kesehatan Fakultas Kedokteran
Universitas Airlangga] (Ethical clearance approval
number 403/EC/KEPK/FKUA/2016).

Result

The MIC for Escherichia coli ESBL is found at
80 % (8 g ml-1) and the MBC for Escherichia coli
ESBL is also found at 80 % (8 g ml-1). (Picturel,
picture 2, table 1)

The MIC for Klebsiella pneumoniae ESBL is found
at 80 % (8 g ml-1) and the MBC for Klebsiella
pneumoniae ESBL is also found at 80 % (8 g ml-1).
(Picture3, picture 4, table 2)

Discussion
The MIC and MBC of Aloe vera leaves ethanol
extract against Escherichia coli ESBL and

Klebsiella pneumoniae ESBL are found in the same
concentration, which is 80% (8 g ml-1). These
concentration are found in big concentration
because of the complexity of gram negative bacteria
cell wall that result in high number of bacteria
resistant [9]. Antibacteria effect of Aloe vera leaves
ethanol extract is caused by some active substances,
such as anthraquinone, aminoglycoside, saponin
dan and fenol. Each of these active substances have
different mechanism to cause antibacteria effect.
Anthraquinone disturb bacteria protein synthesis on
Escherichia coli [10]. But it has different
mechanism in Klebsiella pneumoniae,
anthraquinone will disturb bacteria morphology by
breaking the cell wall component, which is
peptidoglikan [11]. Aminoglycoside has same
mechanism for both bacteria, it will disturb protein
synthesis process at translation stage. Specifically
amynoglycoside disturb the process in 30s ribosom,
so it can’t be attached to 50s ribosom [12], and the
final result is aminoglycoside will break the bond of

bacteria protein cell [13]. Saponin also has same
mechanism for both bacteria, it will make the
bacteria plasma membrane unstable [14] and leak.
This state makes the protein and enzyme of the
bacteria come out [15]. Thus ATP metabolism is
reduced and bacteria will die. Fenol has specific
mechanism for each bacteria. In Escherichia coli
fenol will denature cell membrane protein of the
bacteria. Fenol is a lipophilic substance. So, if there
are more lipid content on bacteria cell membrane, it
will make the fenol effectivity higher [12]. Besides
denature the cell membrane protein, fenol has
additional mechanism in Klebsiella pneumoniae .
This active substance can also coagulate the
Klebsiella  pneumoniae  protein [11].  The
antibacteria effect of Aloe vera leaves ethanol
extract is the synergism result of all the four active
substances mechanism that mentioned above.

Effectivity of Aloe vera leaves ethanol extract
against the Escherichia coli ESBL and Klebsiella
pneumoniae ESBL can happen because the extract
is resistant to ESBL enzyme. This can be possible
because all the active substances of aloe vera leaves
are not containing beta lactam ring, so the enzyme
can’t destruct it.

There is no difference effectivity of MIC and MBC
between Escherichia coli ESBL and Klebsiella
pneumoniae ESBL because both bacteria are gram
negative bacteria that have the same cell wall and
plasma membrane structure, and as mentioned
above all the active substances works on bacteria
cell wall and plasma membrane.

This study is using crude ethanol extract of aloe
vera leaves, and the effectivity is found at 8 g ml-1.
If the estimate of human blood volume is 5L, the
dose needed for therapy effectivity is very high. So,
it’s better if we can isolate only the active substance
of the aloe vera leaves to lower the therapy dose.
The safety dose of Aloe vera leaves ethanol extract
must be known. Even in previous study aloe vera is
mentioned as practically non toxic substance based
on mice experimental [16], aloe vera can causes
allergic effect to human [17]. Besides, non
decolorized extract of aloe vera has been proved to
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cause colon tumor in mice [18]. This colon tumor
that happen in mice has the same molecular and
morphological pathway with colorectal cancer in
human. Aloe vera also has laxative effect that can
causes diarrhea. But, this laxative effect can lower
the gut absorption, thus it will lower the other side
effects [19](Qadir, 2009).

In conclusion, Aloe vera leaves ethanol extract has
same effectivity against Escherichia coli ESBL and
Klebsiella pneumoniae ESBL. So, it could become
one of alternative therapy for ESBL infection. For
further study, the safety dose of Aloe vera leaves
ethanol extract must be known.

No conflicts of interest acknowledgment

The authors would like to thank the Dean of Faculty
of Medicine Universitas Airlangga whose support
made this study possible.

References

1.

Irawan D, Hamidah, Purwati, Triyono EA,
Bramantono, Arfianto V, Hadi U, Nasronudin,
Suharto, Soewandojo E. 2012. Profil penderita
sepsis akibat bakteri penghasil penderita sepsis
akibat bakteri penghasilesbl. j peny dalam.
13(1):63-68.
Yuwono. 2011. Prevalensi Gen TEM pada
extended-spectrum  beta-lactamases  producing
enterobacteriaceae.  Jurnal =~ Kedokteran  dan
Kesehatan.43(1):3098-3102

Warganegara E, Apriliana E. 2014. The determining
type of Extended-Spectrum B-Lactamase Enzyme
(ESBL) from Escherichia coli resistance
Cephalosporine of third Generation in RSUD
Abdoel Moeloek Bandar Lampung. JUKE.
4(7):87-96.

Rahardja F, Puradisastra S, Angelina A. 2010.
Aktivitas antimikroba gel lidah buaya (4/oe vera L.)
pada Acne Vulgaris yang Terinfeksi Staphylococcus
sp. secara In vitro. Jurnal Kedokteran
Maranatha.10(1):30-36.

Dahiya P, Purkayastha S. 2012. Phytochemical
screening and antimicrobial activity of some
medicinal plants against multi-drug resistant

10.

1.

12.

13.

14.

15.

bacteria from clinical isolates. indian j pharm sci.
74(5):443-450.

Ariyanti NK, Darmayasa IBG, Sudirga SK. 2012.
Daya hambat ekstrak kulit daun lidah buaya (4/oe
Barbadensis Miller) terhadap pertumbuhan bakteri
Staphylococcus Aureus Atcc 25923 dan Escherichia
Coli Atcc 25922. Jurnal Biologi.16(1):1-4.
GeidamYA, AmbaliAG, OnyeyiliPA. 2007.
Preliminary  phytochemical and antibacterial
evaluation of crude aqueous extract of psidium
guajava leaf. Journal of Applied Sciences.
7(4):511-514.

Rahayu ID. 2006. Aloe barbadensis Miller dan Aloe
chinensis  baker sebagai antibiotik  dalam
pengobatan etnoveteriner unggas secara invitro.
Jurnal Protein.13(1):31-34.

Cowan MM.1999. Plant products as antimicrobial
agents. Clinical microbiology review.
12(4):564-582.

Pratiwi R. 2005. Perbedaan daya hambat terhadap
streptococcus mutans dari beberapa pasta gigi yang
mengandung herbal. Maj. Ked. Gigi.(Dent.
J.).38(2):64-67.

Nuria MC, Faizatun A, Sumantri. 2009. Uji
antibakteri ekstrak etanol daun jarak pagar (Jatropa
cuircas L) terhadap bakteri Staphylococcus aureus,
Escherichia coli, dan Salmonella typhi.Jurnal
ilmu-ilmu pertanian. 5(2):26-37.

Nurina F. 2008. Uji toksisitas [skripsi]. Jakarta (ID):
Fakultas MIPA Universitas Indonesia.

Morrow DM, Rapaport MJ, Strick RA. 1980.
Hypersensitivity to Aloe. Arch
Dermatol.116:1064-1065.

Pandiri AR, Sills RC, Hoenerhoff MJ, Peddada SD,
Ton TT,Hong HL, Flake GP, Malarkey DE, Olson
GR, Pogribny IP, WalkerNJ, Boudreau MD. 2011.
Aloe  vera  non-decolorized  whole  leaf
extract-induced large intestinal tumors in F344 rats
share similar molecular pathways with human

sporadic colorectal tumors. toxicologic
pathology.39:1065-1074.

Qadir MI.  2009. Review medicinal and
cosmetological importance of Aloe vera.

INTERNATIONAL Journal of Natural Therapy.
2:21-26.

92



