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ABSTRACT: The purposes of this research are to study the effect of different natural
antimicrobial agents and to evaluate their functional groups inhibition reactivity on
bacterial growth. The investigated antimicrobial agents were aloe vera powder and
citric acid. The evaluation of antimicrobial activity was done by using agar well diffusion
method. The bacteria used for the assessment were Staphylococcus aureus (S. aureus) and
Escherichia coli (E. coli). The functional groups were investigated by Fourier Transform
Infrared (FTIR) spectroscopy. Only the antimicrobial agent citric acid showed significant
inhibition towards both bacteria growth. The diameter of inhibition zone for S. aureus was
larger compared to E. coli. The FTIR spectra showed the presence of functional groups
only in citric acid agent. Citric acid has potential to be used as an alternative antimicrobial
agent in the many applications including biomedical.
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1. INTRODUCTION

Currently, the prevalence and the fast growth of drug- and antibiotic-resistant
microorganisms have become a concern to public health.! As been reported, in
2016, approximately 6 million people died around the globe because of infections
of the upper respiratory tract, tuberculosis or diarrheal diseases.” This large
figure is contributed by the increase of the number of microorganism strains
that are resistant to the existing drugs or antibiotics. For this reason, the value
of antimicrobial becomes crucial and main focus of the researchers in order to
counteract various human pathogens and treat microorganism-caused diseases.’
In addition, the exploitation of natural antimicrobial for this purpose should be
prioritised over synthetic antimicrobial due to several reasons. Firstly, the use of
synthetic chemicals for antimicrobial activity is limited due to their health and
environmental hazard potential.* Secondly, the multiplication of aggressive and
endogenous microorganisms that are resistant to the existing synthetic antimicrobial
agents.’ Thirdly, the society’s reluctance to use the synthetic antimicrobial agents
such as parabens which is known has potential hazards to human.® Besides
that, the natural antimicrobial agents are biocompatible or have better tolerance
in the human body and the cost for preparation is lower compared to synthetic
antimicrobial agents.!

A natural antimicrobial agent is defined as a substance from natural resources that
kills or inhibits the growth of microorganisms such as bacteria, fungi and algae.® In
this research, citric acid and aloe vera were chosen as natural antimicrobial agents.
Citric acid is known as a weak organic acid and usually crystallised into white grain
at room temperature. It is found in many sources in citrus fruits such as lemons,
orange and limes. It also possesses pH of 2 and biocompatible property.” Aloe
vera is known as a cactus-like plant that grows readily in hot and dry climates.'®
Normally, aloe vera is extracted and processed into gel or powder before used in
the research or study even in the industrial scale for food, medicine and cosmetic
applications.'" Aloe vera contains anthraquinones, a compound that is believed and
have proven to be effective in antimicrobial activity.'? Aloe vera powder has been
reported to have antibacterial property which inhibited the growth of Pseudomonas
aeruginosa (P. aeruginosa), Escherichia coli (E. coli) and Staphylococcus aureus
(S. aureus)."® Hence, the objectives of this research are to evaluate and study the
effect of antimicrobial agents, namely citric acid and aloe vera powder on bacteria
S. aureus and E. coli growth and to detect the functional groups that present in both
antimicrobial agents. S. aureus and E. coli are the major cause of various human
and animal infections and diseases. S. aureus is a gram-positive bacterium with
coccus-shaped that is normally found on the skin and respiratory tracts of humans
while E. coli is a gram-negative bacterium with rod-shaped that is normally found
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in the lower intestine of warm blooded organisms.'*!> The hypotheses are both
natural antimicrobial agents inhibit the growth of both types of bacteria and the
zone of inhibition on bacterium S. aureus is larger than E. coli as well as the
infrared spectra exhibit the characteristic peaks indicating functional groups of
both agents.

2. EXPERIMENTAL

2.1 Materials

Citric acid was purchased from Sigma Aldrich (M) Sdn. Bhd. and this material
was in white crystal granules. Aloe vera freeze-dried powder was purchased
from Tropical Bioessence Sdn. Bhd., Malaysia. Mueller-Hinton agar powder was
purchased from Oxoid Ltd. and this material was in fine brown powder form.
S. aureus (ATCC12600) and E. Coli (ATCC25922) strains were obtained from
the School of Biology, Universiti Sains Malaysia (USM).

2.2 Methods

Agar well diffusion method is usually used to evaluate the antimicrobial activity of
antimicrobial agents by detecting the inhibition zone and measuring its diameter.
This test was conducted by following the method previously described by Semeniuc
et. al.'® Firstly, both antimicrobial agents were dissolved in distilled water and
shaken overnight in order to get 100 mg ml™' concentration. An amount of 19 g
of agar powder was dissolved in 500 ml distilled water and then was autoclaved
for 1 h at 120°C. After autoclave process, the agar was cooled for 1 h at about
45°C-50°C and poured into the agar plates. The 8.5 cm diameter of agar plates
required approximately 25 ml of the agar medium or about 2/3 of the height of
agar plates. The four holes with a diameter of 9 mm were punched aseptically with
a sterile corks borer at the cooled agar. The entire agar surface was inoculated by
spreading a volume of the microbial (E. coli and S. aureus.) inoculum by using
cotton wool. An amount of 100 pl of the antimicrobial agent solution was pipetted
into the hole accordingly. Then agar plates were incubated overnight at 37°C.
The antimicrobial agent diffuses in the agar medium and inhibits the growth of
the microbial strain. The zone of inhibition was detected and its diameter was
measured. Three replicates of agar plate were conducted to get the accurate results.

Chemical functional groups and bonds of both antimicrobial agents were identified
by using Perkin-Elmer spectrometer 2000 FTIR (Bruker Vector 33, United States).
Approximately 10 mg of the agent powder was crushed and mixed with 100 mg
grounded spectroscopic grade of potassium bromide (KBr) by using agate mortar.
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Then, the powder was pressed to make a transparent thin disk. The disk was
subjected to FTIR spectra measured in the range of 4000 cm™ to 550 cm™! with
average of four scans.

3. RESULTS AND DISCUSSION

Antimicrobial properties of citric acid and aloe vera have been investigated and
the results are shown in Figures 1 and 2. As indicated by label A in Figure 1
and B in Figure 2, only citric acid agent showed a zone of inhibition on both
bacteria S. aureus and E. coli growth, respectively. This is believed to occur due to
highly germicidal property of citric acid besides its biocompatibility.!” According
to Vasseur et al., citric acid had good antimicrobial activity and showed high
inhibitory effect because of its ability to flow through the cell membrane.'® This
is in agreement with Mani-Loépez et al., who stated that citric acid was able to
diffuse through the cell membrane and lowering the intracellular pH." The low
pH within the cell would cause damage to extracellular membranes, proteins
and deoxyribonucleic acid (DNA) as well as disturb cell’s enzymatic activities,
thus leading to microorganism death. Unfortunately, illustrations A in Figures 1
and B in Figure 2, respectively, show no inhibition zone for aloe vera powder
agent on both bacteria growth. This contradicts the finding reported by Robson
et al., who stated that aloe vera dried powder showed more effective antibacterial
activity as compared to fresh aloe vera.?’ However, this result agreed with the
previous work done by Tambekar et al. who found that the tested aloe vera powder
showed no antibacterial activity towards several bacteria such as E. coli, S. aureus,
P. aeruginosa, Proteus vulgaris (P. vulgaris), and Salmonella typhimurium
(S. typhimurium).*' This occurred because the process and procedure for preparing
aloe vera powder including extraction, heat treatment, filtration, and drying
technique might disturb, change, or remove the ingredients or components for
antimicrobial activity.!??

In Figures 1 and 2, d indicates the diameter of inhibition zone from citric acid agent
on both S. aureus and E. coli bacteria, respectively. As can be seen, the average
diameter of inhibition zone towards S. aureus bacterium (26.33 mm) was larger
as compared to E. coli bacterium (21 mm) indicating that S. aureus was more
sensitive and less resistant to citric acid compared to E. coli. This result is in parallel
with Trombetta et al., who stated that gram-negative bacteria were generally more
resistant to antimicrobial agent than gram-positive bacteria.” This difference is
also assumed to be due to different structure of cell walls of both bacteria. Gram-
positive bacteria’s cell wall mostly consists of peptidoglycan and this structure
allows antimicrobial molecules to easily penetrate the cell. Consequently, the
molecules act within the cytoplasm as well as on the cell wall and leading to
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bacteria death.'*** On the other hand, the cell wall of gram-negative bacteria is
more complex as it contains an outer membrane covering its thin peptidoglycan
layer. This outer membrane composes of a double layer of phospholipids that is
linked to inner membrane by lipopolysaccharides (LPS). These outer membranes
and LPS allow only small hydrophilic antimicrobial molecules to pass through and
affect the bacteria. These features make gram-negative bacteria are more resistant
to antimicrobial agent.>~?’

Figure 1: Aloe vera powder (A) exhibited no inhibition zone while citric acid
(B) exhibited zone of inhibition on bacterium S. aureus growth. Distilled water
(+) indicates positive control and (d) indicates diameter of inhibition zone.

Figure 2: Aloe vera powder (A) exhibited no inhibition zone while citric acid
(B) exhibited zone of inhibition on bacterium E. coli growth. Distilled water (+)
indicates positive control and (d) indicates diameter of inhibition zone.
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The spectrum of antimicrobial agent citric acid powder with characteristic peaks
is shown in Figure 3. The strong peak at 1722 cm indicates carboxyl (C=0)
functional group and the peak at 1401 cm™' indicates carboxyl (C-O-H) functional
group in plane bend.?® Citric acid is also known as an organic carboxylic acid
and it is believed that the unreacted carboxyl groups of citric acid responsible for
antimicrobial activity by reducing the bacteria’s local pH.?* The reduction of local
pH may lead to the change of permeability of bacterial membrane, thus affecting
their substrate transportation and leading to bacterial death.'**° The spectrum
proves the presence of carboxyl functional groups in the citric acid powder.
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Figure 3: FTIR spectrum of antimicrobial agent citric acid powder.

Figure 4 shows the spectrum of antimicrobial agent aloe vera powder. According
to the spectrum, there were no peaks detected the regions 1612 cm'and 1378 cm'!
where the C=C stretching of aromatic ring and C-O bonding of the anthraquinones
should take the places respectively.’! This is believed to occur due to the process
of preparing aloe vera powder which may lose the anthraquinones compound that
play the role of antimicrobial component of aloe vera agent.!??> This will support
the result of no zone of inhibition detected for both bacteria growth.
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Figure 4: FTIR spectrum of antimicrobial agent aloe vera powder.

4. CONCLUSION

The present study showed that only citric acid agent had antimicrobial effect on
both bacteria S. aureus and E. coli growth while aloe vera powder agent showed
no antimicrobial activity. The average diameter of inhibition zone on S. aureus
bacterium (26.33 mm) was larger than E. coli (21 mm) suggesting that S. aureus
was more sensitive and less resistant to citric acid as compared to E. coli. The
characteristic peaks were detected in citric acid powder spectrum only and not in
aloe vera powder spectrum. Thus, citric acid showed good antimicrobial activity
and has potential to be used as antimicrobial agent in many applications including
biomedical.
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