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Abstract

Aloe vera is one of the most popular ethnomedicinal plants that is commonly used in
treating many infectious diseases. However, the knowledge of the spectrum of
antimicrobial activity of the plant and its bioactive components is still inadequate. In this
study, we carried out an automated determination of phytochemical components in
aqueous extract (AE) of Aloe vera whole stem by GC-MS (Gas chromatography-mass
spectrometry), determined the in vitro antimicrobial activity of the extract on some
common pathogenic bacteria which included Escherichia coli, Salmonella typhi,
Enterococcus faecalis and Staphylococcus aureus by agar well diffusion method, and
determined the minimum inhibitory concentrations (MICs) and minimum Bactericidal
concentration (MBCs) by agar dilution method. The result showed that the extract has
strong antimicrobial activity against all the test organisms. No resistance was observed.
The range for zones of inhibition, MIC and MBC were 12.33 + 0.33 - 28.67 + 0.60mm,
25mg/ml - 50mg/ml and 50mg/ml - 100mg/ml respectively. The most susceptible isolate
was S. typhi (MBC = 50mg/ml) and the least sensitive isolate was E. faecalis (MBC =
150mg/ml). The GC-MS of the extract revealed 9 different compounds of which 82.82% are
Palmitic acid methyl ester, (7Z)-7-Tetradecenal, Palmitin, 1,2-di-, 2-aminoethyl hydrogen
phosphate and Decyl hexanoate with peak areas of 34.40%, 20.48%, 15.46% and 12.48%
respectively. In conclusion, Aloe vera contained many broad spectrum antimicrobially
active compounds that can be further purified to produce new antimicrobial compounds
that can be used in the treatment of many diseases especially those caused by S. typhi, S.
aureus and E. coli.
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INTRODUCTION in treatment, control and prevention of

Plants play a vital role in the existence of man
and are most essential to his well-being.
Medicinal plants have been used by humans for
many centuries (Pertobuska, 2012; Santic et al,
2017) and will continue to serve as alternative
medicine especially in the current global
campaign for combating drug resistant
organisms. Ethnopharmacopoea from olden
civilizations have passed from generation to
generation (Jamshidi-Kia et al, 2018; Santic et
al., 2017) and various modifications were being

made as man continue to search for
medications against many life-threatening
diseases.  Today, many  ethnomedicinal
practices involving the use of variety of

medicinal plants to treat various ailments have
been proven  effective by  scientific
investigations (Santic, et al., 2017) and variety
of them have been incorporated into the
modern medicine (Pertobuska, 2012). In fact,
research has shown that many natural
compounds from plants are even more effective
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diseases than the modern synthetic drugs. For
instance, “Patentiflorin A” compound isolated
from Justicia gendarussa plant have been
proven to be more effective in the management
of HIV than the well - known antiretroviral

drug, azidothymidine (AZT) (Zhang, et al.,
2017). Many plants decoctions have been
proven effective in the treatment of

Tuberculosis (TB) caused by extended spectrum
drug resistant Mycobacterium tuberculosis
(Ram et al., 2018). Thus, the need to search for
more natural products from medicinal plants
can never be over emphasize

However, research have shown that, despite
the numerous medicinal compounds found in
plants, some medicinal plants contained highly
toxic compounds in addition to the
pharmacologically important substances. This
has necessitated the need for screening of
phytochemical components especially in
commonly used medicinal plants with a view to
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evaluate their efficacy and safety for human
Aloe vera is one of such plants with numerous
ethnomedicinal applications worldwide.
However, the knowledge of its phytochemical
components and spectrum of antimicrobial
activity is not adequately resolved. Hence, the
significance of the present study and its
contribution to knowledge.

MATERIALS AND METHODS

Sample Collection and Preparations

The Aloe vera stem samples were collected
from botanical garden of the Faculty of Natural
and Applied Sciences Umaru Musa Yar’adua
University, Katsina. The samples were cut into
thin pieces, dried in the laboratory in laminar
floor with blower, and subsequently grinded in
to powdered form using laboratory blender.
Extraction of the Powdered Sample

The stem bark powder was extracted following
the method of (Salisu et al., 2017). One
hundred gram (100g) of the powdered sample
was extracted in 1000ml of sterile distilled
water by percolation at room temperature for
168 hours with regular shaking at intervals. The
extract was filtered by passing through a sterile
cotton wool, re-filtered through a Whatman
filter number 1, and then concentrated using a
rotary evaporator. The extract was weighed,
transferred into sterile air-tight bottle and
stored in refrigerator at 4°C until needed for
downstream application. The percentage yield
of the extract (% w/w) was calculated as

follows:
Mass of the extract

Total Mass of the Stem Powder Extracted x100%

Percentage Yield =

Gas Chromatography-Mass Spectrometry (GC-
MS) Analysis of the Extract

The GC-MS analysis of Aloe vera stem extract
was performed using a GCMS-QP2010 plus
Shimadzu, Japan at the chemical laboratory of
the National Research Institute for Chemical
Technology (NARICT) Zaria, Nigeria. The GC-MS
was equipped with Shimadzu AOC 20i GC
autosampler and alltech AT 502.2 column. The
injection volume was 2.0uL at injection
temperature of 200.00°C, column oven
temperature of 80°C, pressure of 108.0 kPa,
column flow rate of 1.58mL/min and total flow
rate of 6.2mL/min at a linear velocity of
46.3cm/sec. Helium was the carriers gas and
the temperature was programmed as 80.0°C
(hold time, 2min) to 200.0°C (4.00min) to
280°C(10min). The ACQ of the MS was set to
scan between 40.00m/z to 800.00m/z at a scan
speed of 1666 with a start time of 3.00min and
end time of 30.00min.
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consumption.
Identification of
Components

The phytochemical compounds present in the
extract were identified using the database of
National Institute Standard and Technology
(NIST), WILEY8 and FAME library. The name,
structure and molecular weights of all the
phytochemical components were obtained from
the data base by comparing the mass spectrum
of the unknown components with the spectrum
of the known components stored in the (NIST),
WILEY8, FAME library (Salisu et al., 2017)
Determination of Antimicrobial Activity of the
Extract

To determine the antimicrobial activity of the
extract by agar well diffusion method, four
different dilutions of the extract (200mg/ml,
150mg/ml, 100mg/ml and 50mg/ml) were
prepared by serial dilution of the extract in
sterile distilled water; sterile Muller Hinton
agar plates were prepared according to the
manufacturer’s instruction; stock solution of
the overnight cultures of each of the test
isolates were prepared in sterile distilled water
and standardized by adjusting the turbidity to
that of McFarland turbidity standard.
Subsequently, 0.1ml of each stock solution of
the test isolates were spread plated in separate
plates of the prepared Muller Hinton agar, after
which a sterile cork borer (6.00mm in
diameter) was used to make 5 wells in each of
the inoculated plates. A 0.1ml of sterile
distilled water was added to the central well in
each plate to serve as negative control, while
0.1ml each of the four extract solutions were
added in the remaining four wells separately.
Finally, each of the wells was filled with sterile
molten agar and allowed to solidify. The plates
were replicated in triplicate for each of the
test organism and incubated at 37°C for 24
hours. Millimeters of the zones of inhibition
produced by the various concentration of the
extract for each of the test isolates were
measured and the triplicate values obtained for
each concentration were converted to means
and standard error of mean using Graphpad
Instat statistical softwire.

the Phytochemical

Determination of  Minimum Inhibitory
Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) of the
Extract

Agar-dilution method was used to evaluate the
antimicrobial activity of the extract. A
200mg/ml stock solution of the extract was
prepared by dissolving 2 grams of the extract
10ml of sterile distilled water. From the stock
solution, a serial double dilution was made in
to four test tubes containing 5ml of sterile
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distilled water by transferring 5ml of the stock
the 15t tube was transferred to the next tube
and continued until tube four, making
100mg/ml, 50mg/ml, 25mg/ml and 12.5mg/ml
solutions of the extract in the 1%t, 2", 3 and
4t test tube respectively. For each isolate, 6
plates of Muller Hinton agar, were used. The
plates, 1 - 5 were labelled as 200mg/ml -
12.5mg/ml, and the last plate was labelled as
“control”. Five milliliter (5ml) of the diluted
extracts were added aseptically using
micropipette in the appropriate plates. Five
milliliter (5ml) of sterile distilled water was
added to control plate. Then, 15ml of melted
Muller Hinton agar, cooled at 50°% was pipetted
into each plate and mixed thoroughly with the
extract. The plates were left to set for the
medium to solidify at 37% for 20-30 minutes in
an incubator. They were then inoculated with
0.1ml of the standardized inoculum of the
isolates by spread plating. The six set of plates
for each of the organism were incubated at
37°C for 24 hours.

ISSN: 2616 — 0668

to the 15t tube and subsequently 5ml from
The lowest concentration of the extract
showing about 99% inhibition was taken as the
MIC for the organism. The MBC was taken as the
double concentration of the MIC.

RESULTS

Physical Characteristics and Percentage Yield
of the Extract

After extraction and solvent evaporation, the
extract appeared brownish solid with rough
texture. Of the 100g powdered sample
extracted, the amount of extract obtained was
19.0g, giving a percentage yield of 19%.

Gas Chromatography-Mass Spectrometry (GC-
MS) Analysis of the Extract

The result of total ion chromatogram (TIC) of
the extract by GCMS is presented in Figure 1. As
shown in the figure, the extract contained 9
different compounds which are indicated by
their peak numbers, peak shapes and retention
time.
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Figure 1: GC-MS Showing the Total lon Chromatogram (TIC) of Aqueous Extract of Aloe vera

Stem

The full identity of the detected phytochemical
compounds including their IUPAC names,
molecular formulae and structures are
presented in Table 1. Of the 9 compounds
identified, 82.82% are Palmitic acid, (7Z)-7-
Tetradecenal, Palmitin, 1,2-di-, 2-aminoethyl
hydrogen phosphate and Decyl hexanoate with
peak areas of 34.40%, 20.48%, 15.46% and
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12.48%  respectively. The remaining 5
compounds constitute less than 20% by peak
area. They include 15-methyl Hexadecanoic
acid methyl ester (7.71%), 2,2-Dimethyl hexan-
3-one (3.19%), 2-methyl heptan-3-one (3.00%),
3,3-Bis-tert-butylsulfanyl-2-fluoro-acrylonitrile
(1.97%) and Oleic acid methyl ester (1.31%).
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Table 1: Phytochemical Compounds Identified form the Aqueous Extract of Aloe vera Stem by

GC-MS Analysis

Peak R. Molecular

. % Area IUPAC Name Structure
No Time Formula
O
2,2-Dimethyl HsC
1 6.543 3.19 CsHq60 hexan-3-one Hoo CHs
3~ CHs
CH,
2 8.158 3.00 CsH4,0, 2-methyl heptan-3-one H,C CH,
0
™ s_  _S
3,3-Bis-tert- )< -
K} 13.233 1.97 CgH15C15C12P12 butylsulfanyl-2-fluoro- i
acrylonitrile c E
N
Palmitic acid methyl ;
4 18.850  34.40 C17H340, ester (Hexadecanoic 4 TA*’R“’#W
acid methyl ester) .
Oleic acid methyl ester iy
5 21.150 1.31 C1oH30, \/’/I)
6 22462  7.71 C2oHa0; Hexadecanoic acid 0 S
Palmitin, 1,2-di-, 2-
7 24.475 15.46 C1oH220 aminoethyl hydrogen
phosphate
ns R J\/\/\/\./\/\/\/\
8 26.600  20.48 CygH31010 (7Z)-7-Tetradecenal L‘“U”"’“‘*—f‘"""-ﬂ’
P
9 27.828 12.48 Cy3H40¢ Decyl hexanoate

mer'-HMW

Antimicrobial Activity of the Extract

The result of antimicrobial activity of the Aloe
vera extract against the selected Gram-positive
bacteria (S. aureus and E. faecalis) and Gram-
negative bacteria (E. coli and S. typhi) is
presented in Table 2. The result showed that
the extract has strong antimicrobial activity
against all the test organisms. No resistance
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was observed. The range for zone of inhibition,
MIC and MBC were 12.33 + 0.33 - 28.67 =
0.60mm, 25mg/ml - 50mg/ml and 50mg/ml -
100mg/ml respectively. The most susceptible
isolate was S. typhi (MBC = 50mg/ml) and the
least sensitive isolate was E. faecalis (MBC =
100mg/ml).
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Table 2: Antimicrobial Activity of the Crude Aqueous Extract of Aloe vera Stem

*Zones of Inhibition Produced by the Various

Test Concentrations of the Extract against the Test Organisms MIC MBC
SN Organisms (mm) (mg/ml)  (mg/ml)
200 mg/ml 150 mg/ml 100 mg/ml 50 mg/ml
1 S.aureus  24.00 £+ 0.58  22.00 + 0.58 21.00 £ 0.76  19.67 + 0.67 50 100
2 E. faecalis 16.17 £ 0.44  15.83 £+ 0.44 14.17 £+ 0.44  12.33 +0.33 50 150
3 E. coli 24.00 +0.29 22.83+0.44 22.83+0.33 21.5 £ 0.00 50 100
4 S. typhi 28.67 £+ 0.60 27.67 +0.73 26.33+1.69 23.33 +3.94 25 50
*Values are Means + Standard Error of Means obtained from the 3 replicates used for each
concentration.
DISCUSSION second most abundant phytochemical, (7Z)-7-

The percentage yield of the extract obtained in
this study signifies that the stem of Aloe vera
contained many water-soluble compounds or
that water soluble compounds are present in
large quantities in the stem of the plant since
the weight of the extract recovered represent
about a quarter of the weight of the stem
powder extracted. It also suggests that water
may be a good solvent for the extraction of
phytochemicals present in Aloe vera, given that
the amount of extract recovered during an
extraction is directly proportional to the type
of phytochemical compounds present and the
polarity of the solvent used for the extraction
(Salisu et al., 2017). Kordali et al., (2003)
reported that the amount of extract obtained
from Pistia spp was proportional to the polarity
of the solvent used for the extraction.

The presence of the important bioactive
compounds in Aloe vera stem detected by GCMS
in this study justifies its worldwide usage in
traditional formulations for the treatment of
various human ailments. The  various
compounds identified in the stem of Aloe vera
in this study are similar to the phytochemical
compounds identified by other researchers in
Aloe plants (Sathyaprabha et al., 2010; Lakshmi
et al., 2011; Alrumman, 2018; Edward &
Vaitheeswaran, 2014; Lakshmi & Rajalakshmi,
2011; Saljooghianpour & Javaran, 2013;
Sathyaprabha, Kumaravel, Ruffina, &
PraveenkumarP, 2016)

Furthermore, all the major
identified have been shown
important biological activities. The highest
detected phytocomponent, Palmitic acid
methyl ester (34.40%) which is a fatty acid
ester has been shown to have many
pharmaceutical applications due to its various
biological properties such as antioxidant,
nematicide, hypo-cholesterolemic, anti-
androgenic, lubricant, flavor, hemolytic 5-alpha
reductase inhibitor and pesticidal properties
(Duke, 1992; Komensilan et al., 2012). The

components
to possess
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Tetradecenal (20.48%), has been previously
identified as part of the major bioactive
components of Pamburus missionis that
contribute to its strong antimicrobial and other
pharmacologically important applications (Sree
et al., 2015). Palmitin, 1,2-di-, 2-aminoethyl
hydrogen phosphate (15.46%) is a phospholipid
with strong antimicrobial properties and has
been identified as part of the major bioactive
compounds in Fieberiella florii that has strong
curative properties in wide range of medical
conditions involving reactive oxygen species as
well as muscular dysfunction which may
damage membranes or proteins that are
required for fueling biochemical processes in
the body (Kale, et al., 2018). It has also been
identified among the bioactive compounds in
the leaf flower of Piliostigma malabaricum that
has renown medicinal properties (Igwe and
Okeke, 2017). In addition, Palmitin, 1,2-di-, 2-
aminoethyl hydrogen phosphate was reported
for its ability to interact with and enhances the
antimicrobial activities of cationic surfactants
(Joondan, et al., 2014). Other phytocompounds
of the plant include 15-methyl Hexadecanoic
acid methyl ester (7.71%) which has both
antibacterial and antifungal activity
(Chandrasekaran et al., 2011), 2,2-Dimethyl
hexan-3-one (3.19%) which is an important
volatile organic compound that has been
isolated as part of major antimicrobially active
compound responsible for the broad spectrum
antimicrobial activity of the chloroform crude
extract of the medicinal plant Datura metel
(Hossain et al., 2013) and butanol extract of 3
Bacillus spp (Bacillus
amyloliquefaciens, Bacillus

thuringiensis and Bacillus sp), isolated from

rhizoides of Bamfara nut, with strong
antagonism against B. cereus, E.
feacalis and Fusarium graminearium, all of
which are known to cause infections in

humans, animals and plants with high rates of
mortalities (Ajilogba et al., 2019).

53
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However, despite its antimicrobial activity, it
has been classified by the European
Chemicals Agency (ECHA, 2017) as a potential
human toxin that can cause eye, skin and
gastrointestinal irritations. Its presence in
Aloe vera stem therefore support the
antimicrobial activity of the stem and
potential health risks to humans.

The last 3 compounds are 2-methyl heptan-3-
one (3.00%) which is a yellow liquid that is
commonly used as flavouring agent in food
and is relatively considered safe (EFSA,
2004), 3,3-Bis-tert-butylsulfanyl-2-fluoro-
acrylonitrile (1.97%) which has anticancer
activity (Bachovchin et al., 2011), and Oleic
acid methyl ester (1.31%) which has antioxidant
and antimicrobial activity (David, 2005).

The observed antimicrobial activity of the Aloe
vera extract in this study is thus, fully
supported by the presence of the various
important pharmacologically active components
identified in the extract by GCMS. Our result in
this study has corroborated the findings of
Kedarnath et al., (2013) who reported that
Aloe vera has strong antimicrobial activity
against some pathogenic bacteria
(Staphylococcus aureus, Klebisella pneumonia
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