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Nowadays food products who contain "natural” ingredients are
trending among consumers as a result of raising knowledge and
awareness about food ingredients and their influence on
human’s body health. The aim of this study was to investigate
the biochemical (total phenol and flavonoid) of Aloe vera
aqueous extract as a natural preservative and determination of
antioxidant and antibacterial activity of the extract. Total phenol
and total flavonoid content of the aqueous extract was measured
as 41.61+ 0.78 mg GAE/g extract and 783.33 £ 5.13 mg QE/g
extract respectively. Free radical scavenging activity
determined at different concentrations of Aloe extract; at
highest concentration (600 mg/ml) %68.395 inhibitory effect
was estimated through DPPH assay and %50.075 through
ABTS assay. Aloe extract showed a greater effect on Gram-
positive bacteria through disk diffusion agar and well diffusion
agar methods. Minimum inhibitory concentrations (MIC) for
Escherichia coli, Shigella dysenteriae, Salmonella typhi,
Staphylococcus aureus, Listeria monocytogenes and Bacillus
cereus estimated 32, 64, 32, 16, 32 and 16 mg/mL respectively.
Based on results in this study, Aloe vera aqueous extract can be
a candidate to use as a preservative in food products.
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1- Introduction

So far, many evidences have been obtained about the
direct effect of food on human health, and all these
evidences have increased the level of consumer’s
demand for healthy and nutritious foods to be
available. Also, the spread of diseases such as
cancer, diabetes, and cardiovascular problems
caused by diet and improper lifestyle in today's
societies; has caused people to worry and reconsider
about their consumption limits. Plants have been
used by humans for centuries in various fields such
as food and medicine. In fact, the presence of
compounds derived from the plant's secondary
metabolism, such as phenolic, flavonoid, terpenoid,
and other biologically useful compounds, as well as
high fiber, has made plants not only consumed as
food sources, but also one of the oldest ways to
prevent or treat various diseases, which are still used
today [1 & 2].

In the food industry, plants and their compounds can
be used directly or indirectly. One of the ways to
increase the shelf life of food is to use artificial
preservatives. These preservatives gradually being
replaced with natural preservatives or herbal
extracts and essences, because of negative view of
consumers to their artificiality due to increasing
consciousness about food products and its
ingredients. Plant extracts are called green liquids,
which are extracted from different parts of the plant
using different solvents such as water, ethanol,
methanol, and ethyl acetate. Antimicrobial and
antioxidant properties consider as characteristics of
plant extracts due to their composition and nature. It
can be stated that the antimicrobial properties of
ethanolic extracts are higher than aqueous extracts.
Different parts of plants have verity of these
compounds, including polyphenols, which have a
significant effect on reducing oxidation. In fact, the
presence of plant extracts in food products has
caused a series of changes in the media, which
leading by the food engineers can apply desirable
results to the product [3, 4 & 5].

The harsh and unfavorable conditions of plant
growth and the accumulation of free radicals have
created complex enzymatic and non-enzymatic
antioxidant systems in them. The non-enzymatic
system with different mechanisms increases the
resistance of plant cells against oxidative stress and
thus strengthens this feature in the body when
consumed by humans. Oxidative stress is
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responsible for some disorders and diseases such as
Alzheimer's disease, cancer, arteriosclerosis and
cardiovascular disorders in humans. In fact, the
presence of polyphenolic compounds increases the
antioxidant capacity and create balance in the human
body. It should be noted that these compounds will
exert their effect even in low concentrations [6].
Nowadays, the resistance of pathogens to the
inhibitory activity or destruction by antibiotics has
increased due to their indiscriminate and irregular
use. Isolation of bioactive compounds derived from
medicinal plants due to their therapeutic nature and
many useful compounds, high diversity, cheap and
easy access provide a suitable approach to fight
against pathogenic microorganisms. The World
Health Organization has declared microbial
resistance as the most urgent problem that medical
community has faced. In order to solve this
emerging problem and considering the fact that
currently a percentage of the drugs used are of herbal
origin; through identifying the antimicrobial
compounds of different plants and using them, it is
possible to discover and produce new drugs with
proper performance against resistant pathogens. As
a result, determining the antimicrobial activity of
different plants has become a new goal for
researchers [7 & 8].

Aloe vera is a green and perennial plant from the
Liliaceae family that grows mostly in dry and warm
regions (Middle East, North Africa, and Southern
Mediterranean) which for thousands of years has
been used as a medicinal plant for treating wounds,
burns, and skin inflammation. This plant has about
98% water and colorless fillet is placed inside its
green tulips. Today, the gel obtained from the fillet
inside its fleshy leaves is used in the pharmaceutical,
cosmetic and food industries. The colorless gel
obtained from the inside of the leaves is called Aloe
vera mucilage. There are more than 75 useful
compounds in this gel such as vitamins, enzymes,
minerals, anthraquinones, fatty acids and
carbohydrates, each of these compounds have
important therapeutic properties such as anti-
diabetes, anti-cancer and anti-lipid properties.
Various researches have proven that the presence of
acemannan  polysaccharide as the main
polysaccharide and anthraquinones in Aloe vera is
the main factor of its antioxidant and antimicrobial
properties, which has led to the use of this gel or the
compounds isolated from it as a preservative in
various fields and food products. Also, the phenolic
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and flavonoid compounds of this plant have a
significant effect in this matter [9 & 10].

Aloe vera gel is known among people as a diet food
for weight loss due to its high fiber and water
content. Its powdered products, drinks and even gel
are used by diabetic patients or people with chronic
obesity. Due to its antimicrobial and antioxidant
properties, this gel is used in film and edible
coatings for bioactive food packaging. The addition
of this gel to food products like sauces, dairy
products such as cheese and yogurt, as well as ice
cream has also been reported [11].

The active compounds reported in the leaves of this
plant that are involved in its therapeutic properties
include: saponin, aloesin, enzymes, sugars, sterols,
chromones, anthraquinones, aloin, aloe emodin,
sterols, lignin, salicylic acid, flavonoids, minerals
and phenolic compounds. In a study, the
antimicrobial activity of ethanolic extract of the leaf
of this plant was investigated against bacterial
strains such as Escherichia coli, Staphylococcus
aureus, Bacillus cereus and some fungi, which
showed good results [12].

Also, the flavonoid content as well as the antioxidant
potential of two aqueous and ethanol extracts of
Aloe vera were investigated and proved [13]. The
aim of this research is to determine the amount of
total phenol and flavonoids, to evaluate the
antioxidant effect and antimicrobial activity of the
aqueous extract obtained from Aloe vera leaf by disk
diffusion method, well diffusion in agar, and to
determine the minimum inhibitory concentration
and the minimum bactericidal concentration of
extract against pathogens such as Escherichia coli,
Shigella dysenteriae, Salmonella typhi,
Staphylococcus aureus, Listeria monocytogenes and
Bacillus cereus.

2- Material and methods

2-1- Extraction method for Aloe vera leaves
Green leaves of the plant were washed and their
surface were gently cleaned with a brush as the first
step to obtaining the extract. Then, to separate the
thick yellow liquid present in Aloe vera, the head
and base were cut and the leaf was placed vertically
in distilled water for 60 minutes. After that, the
blades and one side of the green latex were separated
with a knife and the colorless sticky Aloe vera fillet
(mucilage) was extracted. The mucilage were stirred
for 3 minutes in a domestic blender so a uniform and
homogeneous gel was obtained, and the final extract
was prepared by passing this gel through a cotton
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cloth (such as muslin) to filter the suspended
particles and polysaccharides from extract [14].

2-2- Chemical tests

2-2-1- Determining total phenolic content of
Aloe vera aqueous extract

The folin—ciocalteu assay (colorimetry) was
performed and the total amount reported as mg of
gallic acid per gram of nanoemulsion. First, a certain
concentration of extract was prepared and 0.5 ml of
it was added to folin solution (10%). The obtained
solution was well stirred and after 6 minutes, 2 ml of
sodium carbonate (7.5%) was added to. After 30
minutes of incubating the final solution at room
temperature in a dark place, the absorbance of the
solution was determined by a spectrophotometer
(WPA, England) at a wavelength of 765 nm and
measured by placing in the formula obtained from
the gallic acid standard curve [15].

2-2-2- Determining total flavonoid content of
Aloe vera agqueous extract

Total flavonoid content of the Aloe extract was also
measured by colorimetry method using a
spectrophotometer. Standard solution of quercetin
was prepared and standard curve obtained using
different concentrations of this solution, the total
flavonoid in the extract was measured by placing at
the standard curve equation and reported as mg
quercetin per gram of nanoemulsion. To perform
this test, 75 pl of sodium nitrite solution (5%) was
added to the Aloe extract using a sampler and after
stirring, incubated for 6 minutes. 150 pl of
Aluminum chloride solution (10%) was added to the
mixture with a sampler and incubated again for 5
minutes. Finally, by adding 1 ml of sodium
hydroxide (1 M), the absorbance of the final solution
was immediately measured at the wavelength of 510
nm, and the total amount of flavonoid was reported
accordingly [16].

2-2-3- DPPH assay (2,2-Diphenyl-1-
picrylhydrazyl)

Evaluating of the percentage of DPPH free radical
scavenging of different concentrations of the extract
done using spectroscopy, following hojjati et al. [17]
method with a slight change. First, different
concentrations of extract were prepared (60, 80, 100,
200, 400 and 600 mg/ml). Next step, a solution of
DPPH powder (methanol as the solvent) was
prepared which its absorbance at the wavelength of
517 nm was about 0.7 (control). Different emulsion
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dilutions were mixed with methanol solution in
tubes (1:1 v/v) and their absorbance recorded after
incubating for 30 minutes in a dark environment.
The percentage of free radical scavenging was
calculated using equation 1.
[(Acontrol'Asample)/Acontrol] x100 Equation 1

2-2-4- ABTS assay (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid))

In this test, the percentage of free radical scavenging
against ABTS* was calculated and reported by
following the Kaparakou et al. [18] method with
some changes. First, different dilutions of extract
(60, 80, 100, 200, 400 and 600 mg/ml) were
prepared. Control solution was obtained by mixing
certain amount of ABTS* with distilled water and
added to a 2.45 mM solution of potassium persulfate
with a ratio of 1:2. Control solution was placed in a
dark place for 16 to 24 hours to activate the free
radicals on the next day, methanol was added to the
solution until its absorbance reached about 0.7 at the
wavelength of 734 nm. Finally, different dilutions of
the extract were mixed with the control solution at a
ratio of 1:1 and their absorption were recorded after
6 minutes. The percentage of radical scavenging
related to different concentrations was determined
and reported using equation 1.

2-3- Estimating the inhibitory potential of
extract against pathogens

Determination of antimicrobial activity of the
nanoemulsion was performed against 6 pathogenic
bacteria, including Escherichia coli ATCC 12435,
Shigella dysenteriae ATCC 13313, Salmonella typhi
ATCC 65154 (gram negative  bacteria),
Staphylococcus aureus ATCC 14154, Listeria
monocytogenes ATCC 19115 and Bacillus cereus
ATCC 10876 (gram positive bacteria). For this
purpose, 4 techniques were used: disc diffusion agar,
well  diffusion agar, minimum inhibitory
concentration  and minimum bactericidal
concentration.

2-3-1- Preparing foodborne pathogenic
bacteria

To perform microbial tests, fresh cultures of
pathogenic bacteria were needed. Standard
suspensions of the included bacteria were prepared
using 0.5 McFarland standard (1.5 x 108 CFU/mL).
This standard suspension was prepared using a
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spectrophotometer at a wavelength of 625 nm at an
absorbance between 0.08 and 0.13 [19].

2-3-2- Disc diffusion agar assay

At first, the Aloe extract sterilized by a 0.22 um
syringe filter. Measuring the diameter of inhibition
zones, first the blank disc was soaked inside the
sterile Aloe vera extract for 15 minutes. 100 pul of
standard suspensions were transferred on Miller-
Hinton Agar using spread plate method. Then, on
each petri dish, a disk containing emulsion, a blank
disk (negative control) was placed at certain
distances from each other and the Petri dish wall.
Then the petri dish placed into the refrigerator for 15
minutes and after 24 hours of incubation at 37°C,
inhibition zones were measured and reported at
millimeter scale [20].

2-3-3- Well diffusion agar

Based on this method, after using spread plate
method for bacterial suspensions on the MHA, wells
with specific distances from each other and the Petri
dish wall were cut on the agar using sterile glass
pasteur pipette and the bottoms were closed with
semi-solid (milten) agar. Then, 20 pl of the extract
was transferred into the well using a sampler. The
same amount of sterile distilled water (control) was
poured into other well. After the incubation time, the
diameters of the inhibition zones around the wells
were measured [21].

2-3-4- Minimum inhibitory concentration

The serial dilution method was used to perform this
microbial test. First, the initial concentration was
prepared mixing Mauller-Hinton broth culture
medium, extract and 5 ml of dimethylsulfoxide
(DMSO0). Other sequel concentrations obtained by
adding 5 mL of MHB to each one of them. 100 pl of
each concentration was taken with a sampler and
transferred into the wells of a 96-well plate. Then 20
pl of the prepared suspensions was added to each
dilution so that each row contained different
concentrations of the extract containing bacteria. A
positive and a negative control was considered in
each row. The negative control was the mixture
without antibacterial agent and the positive control
was the mixture without bacteria. After incubation
for 24 hours at 37°C, the 96-well plate was removed
from the incubator to add color reagent to the
houses. A 5% solution of 2,3,5-Triphenyl-
tetrazolium chloride (TTC) as color reagent was
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added (20 pl) to the and transferred to the incubator
again for 30 minutes. The first well without
preserving red color was selected as the minimum
concentration that inhibited bacterial growth [22].

2-3-5- Minimum bactericidal concentration
To determine the minimum  bactericidal
concentration of the nanoemulsion, 100 pl of
colorless wells (no bacterial growth) were taken and
cultured on the MHA. 24 hours after incubating,
Petri dishes were removed and the concentrations
that were free of bacterial growth were selected and
reported as MBC [23].

2-4- Statistical analysis

The average of data obtained from the experiments
with 3 repetitions were analyzed and results reported
using analysis of variance (one-way Anova) at a
significance level of 0.05 in Duncan's test.
Therefore, SPSS (26 version) was used.

3- results and discussion
3-1- Evaluating the compounds and
antioxidant potential of Aloe extract

The leaves of edible plants contain large
amounts of bioactive compounds such as
phenolic and flavonoid compounds, which are
referred to as natural antioxidants [24 & 25].
Phenolic  and flavonoid compounds
(phytochemicals) inhibit free radicals through
reaction by different mechanisms. As a result,
with the high amount of these bioactive
compounds, a higher antioxidant power can be
achieved. In the present study, the total phenol
contentwas 41.61 + 0.78 mg GAE/g extract and
total flavonoid content was 783.33 + 5.13 mg
QE/g Aloe vera aqueous extract. Kumar et al.
investigated phytochemicals and antioxidant
power of methanolic extracts of Aloe vera
leaves obtained by different researchers. The
total phenol content reported varied from 63.2
to 32.9 mg GAE/g extract. In all studies, the
presence of phenolic compounds in the extract
was recorded in significant amounts. Also, in
this study and previous ones, it was concluded
that there is a significant linear relationship
between phenolic content and antioxidant
power [26 & 27].

176

Sharma et al. compared the total phenolic and
flavonoid content of two aqueous and
methanolic extracts of Aloe vera leaves; based
on the reported results of this research, the
amount of these two compounds in different
extracts did not differ significantly [28]. Bista
et al. also compared the total phenolic and
flavonoid content of methanolic and ethanolic
extracts of Aloe vera leaves, and the results
showed that the amount of these compounds in
the methanolic extract was higher and equal to
30.53 mg of gallic acid and 73.26 mg of
quercetin per gram of dry weight of the extract.
According to several studies, the amount of
flavonoid in all extracts of Aloe leaves was
higher than the amount of total phenol. The
difference in the data obtained in different
studies could be due to various reasons such as
the the plant growth environment, harvesting
time, geographical location, different methods
and different solvents used through the
extraction, the concentration used in the test
and also different standard  curves.
Nevertheless, based on several studies, the
amount of bioactive chemical compounds was
usually determined by aqueous extract rather
than other extracts with different solvents [29,
30].

The free radical scavenging is the ability to
neutralize the free radical by giving them an
electron and prevent the reaction and oxidative
stress; which causes a decrease at color of the
solution through weakening the absorption in
the wavelength by combining electron and
radical inhibition leading to a stable state [31
and 32]. The results of the investigation of
antioxidant activity by two methods of
inhibiting DPPH and ABTS free radicals are
mentioned in Table 1.

Based on the observed results, the power of
Aloe vera extract for inhibiting DPPH free
radical was more than ABTS free radical. The
highest inhibitory percentage of DPPH,
corresponding to the concentration of 600
mg/ml was equal to 68.39%, and the lowest
inhibitory activity for the concentration of 60
mg/ml of the extract was determined equal to
36.35%. The inhibitory action of these
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concentrations for ABTS" was 50.07% and
41.64%, respectively.

According to the results mentioned at Table 1,
with a gradual increase in the concentration of
the extract from 60 to 600 mg/ml, a significant
increase in the inhibitory activity (more than
30%) for DPPH was observed; although, with
an increase in the concentration with same
ratio, the rate of ABTS radical inhibition
increased more slowly (less than 10 percent).
However, in both methods, the concentration of
the extract had a direct relationship with the
inhibition percentage and there was a
significant difference between them. Manieh et
al. determined and compared the radical
scavenging of aqueous and methanolic extracts
of Aloe vera in DPPH free radical scavenging.
According to a study report, the antioxidant
activity of aqueous extract was significantly
higher than methanolic extract. DPPH radical
inhibition percentage was reported for aqueous
extract in the range of 34.8-65.4% and for
methanolic extract in the range of 15.4-48.1%
[13]. Bista et al.'s study showed that the
percentage of antioxidant effect of Aloe vera

extract by DPPH method for methanolic extract
was equal to 81.91%, which is higher than the
antioxidant power of aqueous extract in this
study and contrary to previous studies in which
aqueous extract was stronger [29].

The antioxidant effect of Aloe vera is due to the
bioactive compounds (polyphenols, enzymes,
polysaccharides and anthraquinones) present in
it. Acemannan is a storage polysaccharide and
considered as the primary and important
bioactive compound of Aloe vera; which plays
an important role on inhibition of the ABTS
free radical [33]. Caparaco et al. [18]
investigated and reported the quantitative
antioxidant activity of Aloe vera gel. Inhibitory
activity against DPPH was estimated from 1.64
to 9.21 micromol of Trolox per ml of gel and
for ABTS, equivalent to 0.73 to 5.14 micromol
of Trolox per ml of gel. Based on the results,
the antioxidant activity of ABTS assay was
weaker than DPPH, which is in similar to the
results of the present study.

Table 1. DPPH and ABTS radical scavenging activity of Aloe vera extract

Concentration (mg/mL)

Scavenging effect (%)

DPPH ABTS
60 36.35 £ 0.404 41.64+0.13
80 45.01 +£0.308 42.61 +0.368
100 61.18 £ 0.12¢ 43.67 £0.15¢
200 63.67 £ 0.24P 44.29 +£0.21°
400 64.77 + 0.55F 47.95 + 0.59¢
600 68.39 + 0.44F 50.07 £ 0.18F

The data written in table, indicate "mean + standard deviation", n=3. The capital English letters in each column show a
significant difference at P< 0.05 between antioxidant activity of different extract concentrations.

3-2- Investigating the antimicrobial

activity of Aloe vera aqueous extract

The antimicrobial activity of Aloe vera gel has
been investigated in several studies so far. This
extract has the characteristic of inhibiting the
growth or killing of some bacteria, fungi and
viruses. In past researches, the antimicrobial
potential of the extract on many fungi have
evaluated and reached some desirable results
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[34 & 35]. The disk diffusion method, also
known as the Kirby-Bauer method, is one of the
most flexible methods for determining the
sensitivity of microorganisms to inhibitory
agents. Agar well diffusion method is mostly
used to evaluate the antimicrobial effect of
plants or microbial extracts. This method is
similar to disk diffusion, except that instead of
using a disk, wells will be prepared in agar [37].
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Based on these two methods, the antimicrobial
activity results of the pure extract were reported
in Tables 2 and 3. Table 2 shows the diameter
of the inhibition zone around the disk
containing the extract; the largest diameter of
inhibitory zone is related to the Gram-positive
bacteria, Staphylococcus aureus with a
diameter of 1540 mm and the smallest
diameter is related to the Gram-negative
bacteria, Shigella dysenteriae with a diameter
of 9.20 mm. Among gram-positive bacteria,

Bacillus cereus and Staphylococcus aureus
significantly showed the highest diameters.
following these two bacteria, Listeria
monocytogenes had the lowest resistance to the
extract. Among Gram-negatives, Salmonella
typhi was identified as the most resistant
bacteria to antimicrobial agents.

Table 2. Inhibition zone (mm) of Aloe vera extract on bacterial growth using disk diffusion agar method

Pathogenic bacteria

Inhibition zone

(mim) - -
v E. coli S. S. typhi S. aureus L. B. cereus
dysenteriae monocytogenes
10.10 £ 9.20 £ 1540
+ B + B + C
Aloe vera 0.30A 0,40~ 12.00 £ 0.50 0.20C 13.30£0.80 15.00 £ 0.60

The data written are "mean + standard deviation", n=3. Similar capital letters show a significant difference at P< 0.05

between antimicrobial activity on different pathogens.

Table 3 shows the results related to the
antimicrobial properties of the extract on the
bacteria used based on the well diffusion
method. In this method, the largest diameter of
inhibition zone, was related to Gram-positive
Bacillus cereus bacteria (16.20 mm) and the
smallest diameter similar to the disk diffusion
method was related to Gram-negative Shigella
dysenteriae  bacteria (10.00 mm). The

inhibitory effect on the two pathogens
Staphylococcus aureus and Bacillus cereus was
significantly close to each other and more than
the others bacteria. In both disk diffusion and
well diffusion methods, the antibacterial effect
of the extract on gram-positive bacteria was
more than gram-negative, but the diameter of
the inhibitory zones was slightly larger in the
well diffusion method than disk diffusion.

Table 3. Inhibition zone (mm) of Aloe vera extract on bacterial growth using well diffusion agar method

Pathogenic bacteria

Inhibition
zone S
(mm) E. coli dysenteriae S. typhi S. aureus monocytogenes B. cereus
11.30 + 10.00 + 12.050 + 16.10 + 16.20 +
13.90 + 0.50F
Aloevera oo 0.308 0.40¢ 0.50° 3.90£050 0.200

The data written are "mean + standard deviation", n=3. Similar capital letters in the data row, show a significant difference

at P< 0.05 between antimicrobial activity on different pathogens.

Danish et al. reported different results
compared to our results. According to their
report on the antimicrobial effect of ethanolic
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Aloe vera leave extract, this extract showed an
inhibition zone with diameter of 18 mm against
the gram-negative bacteria Escherichia coli at a
concentration of 30 ul; Also, the inhibitory zone
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diameters obtained against the gram-positive
bacteria Bacillus cereus and Staphylococcus
aureus, on which the aqueous extract had the
highest effect on them, was equal to 13 and 14
mm, respectively. These results were different
from Tables 3 and 4, but according to the data
reported in both studies, it can be said that the
antimicrobial effect of aqueous and ethanolic
extracts of Aloe vera leaves is more on gram-
positive bacteria. In fact, the antimicrobial
effect of Aloe vera aqueous extract on the three
mentioned bacteria is less than the ethanolic
extract of this plant [12].

Bendjedid et al. investigated the antibacterial
effect of Aloe extract with 5 different solvents
at the concentration of 20 mg/ml; the highest
antimicrobial effect was related to n-butanol
and acetone extracts of Aloe vera (respectively
with the diameter of the inhibition zones 25.33
and 22 mm compared to Staphylococcus
aureus). The aqueous extract used in this study

showed an inhibition zone (10.33 mm) only
against Escherichia coli bacteria [20].

In another study that investigated the
antimicrobial effect of Aloe aqueous extract on
Gram-negative bacteria, the diameter of the
inhibition zone against Escherichia coli was
reported to be 18 mm. In the same study, the
MIC and MBC of this bacteria against Aloe
vera agueous extract were investigated and
reported (0.625 and 1.25 mg/ml), respectively.
Antimicrobial results are highly dependent on
the used concentration. In some cases, even
higher concentrations of the extract can show
weaker results than lower concentrations [38].
The minimum inhibitory concentration (MIC)
and the minimum bactericidal concentration
(MBC) were evaluated and reported in Table
4,

Table 4. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of Aloe
vera extract

Pathogenic bacteria MIC (mg/mL) MBC (mg/mL)
E. coli 32 >512
S. dysenteriae 64 >512
S. typhi 32 512
S. aureus 16 256
L. monocytogenes 32 512
B. cereus 16 256

To determine these characteristics, first,
different concentrations of the extract were
prepared by the serial dilution method.
Consecutive dilutions (512, 256, 128, 64, 32,
16, 8, 4, 2 and 1 mg/ml) were prepared from the
extract. According to the obtained results, the
minimum concentration of the extract that
could prevent the growth of the
microorganisms was 16 ml/mg against the
gram-positive bacteria Bacillus cereus and
Staphylococcus aureus.
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The highest concentration of the extract, which
had the ability to inhibit bacterial growth, was
64 mg/ml against Gram-negative Shigella
dysenteriae bacteria. Most to the least
antimicrobial effect of the extract against
bacteria, in order of the minimum inhibitory
concentration, was specified respectively:
Bacillus cereus and Staphylococcus aureus >
Listeria monocytogenes, Salmonella typhi and
Escherichia coli > Shigella dysenteriae. The
minimum bactericidal concentration of the
extract against bacteria is mentioned in Table 4.
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The MBC of two gram-negative bacteria
Escherichia coli and Shigella dysenteriae was
higher than 512 mg/ml, but the gram-negative
bacteria Salmonella typhi was destroyed at a
concentration of 512 mg/ml of the extract. Two
gram-positive bacteria, Staphylococcus aureus
and Bacillus cereus, had a lower concentration
of MBC extract, which indicates the higher
antimicrobial effect of the extract on these two
bacteria. And finally, the gram-positive bacteria
Listeria monocytogenes had MBC at a
concentration of 512 of the extract. In general,
it can be said that the aqueous extract of Aloe
vera had a higher antimicrobial effect on Gram-
positive bacteria than Gram-negative bacteria.
Various antimicrobial agents inhibit or Kill
bacteria by targeting different parts of the
membrane. In fact, the higher resistance of
gram-negatives against this extract can be
justified by referring to the difference in the
membrane structure of gram-positive and
negative bacteria [39, 40 and 41].

Arbab et al. also investigated the antimicrobial
activity of Aloe vera gel on bacteria involved in
skin infections (Escherichia coli,
Staphylococcus  aureus,  Shigella  and
Salmonella) which the gel showed high activity
so that the results on 4 strains were very close
to each other. In the same study, the effect of
ethanolic extract on pathogens was further
determined [42].

The antimicrobial activity of Aloe vera gel on
two pathogens Staphylococcus aureus and
Escherichia coli was investigated by Mohebbi
et al. However, this substance was able to
inhibit the growth of the mentioned bacteria in
lower concentrations (2 and 8 mg/mli,
respectively). In this study, Aloe vera at the
same inhibitory concentration (8 mg/ml) was
able to have a lethal effect on the gram-negative
bacteria Escherichia coli [43].

4- Conclusions

In this study, the total phenol and flavonoid of
aqueous extract obtained from Aloe vera leaves,
were evaluated. Based on the results, subjected
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extract had a high antioxidant potential and also
showed a proper antimicrobial activity against
chosen 6 pathogens. A higher free radical
scavenging was observed at DPPH assay rather than
ABTS assay. Furthermore, antimicrobial effect of
the extract reported to be stronger against gram-
positive bacteria. At last, it is possible to use the Aloe
vera extract at food industry as a natural
preservative.

5- Acknowledgement

The authors would like to express their sincere
gratitude to the Vice-chancellor for Research and
Technology of Agricultural Sciences and Natural
Resources University of Khuzestan for supporting
this study.

6-References

[1] Veiga, M., Costa, E. M., Silva, S., & Pintado, M.
(2020). Impact of plant extracts upon human health:
A review. Critical Reviews in Food Science and
Nutrition, 60(5), 873-886.

[2] Tanavar, H., Barzegar, H., Alizadeh Behbahani.,
B., Mehrnia, M. A. (2021). Investigation of the
chemical properties of Mentha pulegium essential
oil and its application in Ocimum basilicum seed
mucilage edible coating for extending the quality
and shelf life of veal stored in refrigerator (4°C).
Food Science & Nutrition, 9(10), 5600-5615.

[3] Olszewska, M. A., Gedas, A., & Simdes, M.
(2020). Antimicrobial polyphenol-rich extracts:
Applications and limitations in the food industry.
Food Research International, 134, 109214.

[4] Kolawole, F. O., Kolawole, S. K., Owa, F. A.,
Adebayo, A. O., Ajibola, O. O., & Hassan, S. B.
(2023). Chapter 22 - Green nanomaterials and their
anticorrosive properties. pp. 453-477 In C. Verma,
V. Srivastava, T. W. Quadri, C. Mustansar Hussain,
& E. E. Ebenso Eds. Smart Anticorrosive Materials:
Elsevier.

[5] Noshad, M., Alizadeh Behbahani, B.,
Jooyandeh, H., Rahmati-Joneidabad, M., Hemmati
Kaykha, M. E., Ghodsi Sheikhjan, M. (2021).
Utilization of plantago major seed mucilage
containing citrus limon essential oil as an edible
coating to improve shelf-life of buffalo meat under
refrigeration conditions. Food Science & Nutrition.
9(3):1625-1639.

[6] Chaves, N., Santiago, A., & Alias, J. C. (2020).
Quantification of the Antioxidant Activity of Plant


http://dx.doi.org/10.22034/FSCT.22.158.172
https://fsct.modares.ac.ir/article-7-75915-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-15 ]

[ DOI: 10.22034/FSCT.22.158.172 ]

Iranian Journal of Food Sciences and Industries,

No. 158, Volume 22, April 2025

Extracts: Analysis  of  Sensitivity  and
Hierarchization Based on the Method Used.
Antioxidants, 9(1). 76.

[7] Vaou, N., Stavropoulou, E., Voidarou, C.,
Tsigalou, C., & Bezirtzoglou, E. (2021). Towards
Advances in Medicinal Plant Antimicrobial
Activity: A Review Study on Challenges and Future
Perspectives. Microorganisms, 9(10). 2041.

[8] Zanganeh, H., Mortazavi, S., Shahidi, F., &
Alizadeh Behbahani, B. (2021). Evaluation of the
chemical and antibacterial properties of Citrus
paradise essential oil and its application in
Lallemantia iberica seed mucilage edible coating to
improve the physicochemical, microbiological and
sensory properties of lamb during refrigerated
storage. Journal of Food Measurement and
Characterization, 15(1), 1-16.

[9] Sanchez, M., Gonzalez-Burgos, E., Iglesias, I.,
&  Gbmez-Serranillos, M. P. (2020).
Pharmacological Update Properties of Aloe Vera
and its Major Active Constituents. Molecules, 25(6).
1324,

[10] Nicolau-Lapefia, I., Colas-Meda, P., Alegre, 1.,
Aguilo-Aguayo, 1., Muranyi, P., & Vifas, 1. (2021).
Aloe vera gel: An update on its use as a functional
edible coating to preserve fruits and vegetables.
Progress in Organic Coatings, 151, 106007.

[11] Sonawane, S. K., Gokhale, J. S., Mulla, M. Z.,
Kandu, V. R., & Patil, S. (2021). A comprehensive
overview of functional and rheological properties of
aloe vera and its application in foods. Journal of
Food Science and Technology, 58(4), 1217-1226.

[12] Danish, P., Ali, Q., Hafeez, M., & Malik, A.
(2020). ANTIFUNGAL AND ANTIBACTERIAL
ACTIVITY OF ALOE VERA PLANT EXTRACT.
Biological and Clinical Sciences Research Journal,
2020(1).

[13] Manye, S. J., Saleh, J. S., Ishaya, H. B.,
Chiroma, S. M., Attah, M. O. O., & Dibal, N. 1.
(2023). Phytochemical screening and in-vitro
antioxidant activities of aqueous and methanol
extracts of Aloe vera. Pharmacological Research -
Modern Chinese Medicine, 8, 100291.

[14] Maan, A. A., Reiad Ahmed, Z. F., Igbal Khan,
M. K., Riaz, A., & Nazir, A. (2021). Aloe vera gel,
an excellent base material for edible films and
coatings. Trends in Food Science & Technology,
116, 329-341.

[15] Ghazanfari, N., Mortazavi, S. A., Yazdi, F. T.,
& Mohammadi, M. (2020). Microwave-assisted

181

hydrodistillation extraction of essential oil from
coriander seeds and evaluation of their composition,
antioxidant and antimicrobial activity. Heliyon,
6(9), 2405-8440.

[16] Ebrahimi Hemmati Kaykha, M., Jooyandeh, H.,
Alizadeh Behbahani, B., & Noshad, M. (2022).
Identification of chemical compounds, antioxidant
activity, total phenolic and flavonoid contents and
cytotoxicity effect of Rosmarinus officinalis
essential oil. Iranian Food Science and Technology
Research Journal. 18(4), 467-482.

[17] Kiarsi, Z., Hojjati, M., Alizadeh Behbahani, B.,
& Noshad, M. (2020). In vitro antimicrobial effects
of Myristica fragrans essential oil on foodborne
pathogens and its influence on beef quality during
refrigerated storage. Journal of Food Safety, 40(3),
e12782.

[18] Kaparakou, E. H., Kanakis, C, D., Gerogianni,
M., Maniati, M., Vekrellis, K., Skotti, E., &
Tarantilis, P. A. (2021). Quantitative determination
of aloin, antioxidant activity, and toxicity of Aloe
vera leaf gel products from Greece. Journal of the
Science of Food and Agriculture. 101(2). 414-423.

[19] Sureshjani, M. H., Yazdi, F. T., Mortazavi, S.
A., Behbahani, B. A., & Shahidi, F. (2014).
Antimicrobial effects of Kelussia odoratissima
extracts against food borne and food spoilage
bacteria" in vitro. Journal of Paramedical Sciences,
5(2), 115-120.

[20] Bendjedid, S., Lekmine, S., Tadjine, A.,
Djelloul, R., & Bensouici, C. (2021). Analysis of
phytochemical constituents, antibacterial,
antioxidant, photoprotective activities and cytotoxic
effect of leaves extracts and fractions of Aloe vera.
Biocatalysis and Agricultural Biotechnology, 33,
101991.

[21] Hojjati, M., Omidi-Mirzaei, M., & Kiarsi, Z.
(2020). Evaluation of chemical constituents and
antioxidant and antimicrobial properties of the
essential oils of two citrus species. FSCT. 17(100),
127-138.

[22] Omidi Mirzaei, M., Hojjati, M. Alizadeh
Behbahani, B., & Noshad, M. (2020). Determination
of chemical composition, antioxidant properties and
antimicrobial activity of coriander seed essential oil
on a number of pathogenic microorganisms. Iranian
Food Science and Technology Research Journal.
16(2), 221-233.

[23] Safari, E., Barzegar, H., Jooyande, H., &
Alizadeh Behbahani, B. (2023). Identification of
Functional Groups, Total Phenol and Flavonoids


http://dx.doi.org/10.22034/FSCT.22.158.172
https://fsct.modares.ac.ir/article-7-75915-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-15 ]

[ DOI: 10.22034/FSCT.22.158.172 ]

Narges Sharifatet al

Evaluation of antioxidant properties....

Contents, Antioxidant Potential and Antimicrobial
Activity of Black Pepper (Piper nigrum L.) Aqueous
Extract and Its Interactions with Chloramphenicol
and Amphotericin B. Iranian Food Science and
Technology Research Journal. 19(1), 79-93.

[24] Wojdylo, A., & Oszmianski, J. (2020).
Antioxidant Activity Modulated by Polyphenol
Contents in Apple and Leaves during Fruit
Development and Ripening. Antioxidants, 9(7), 567.

[25] Zeb, A. (2021). Concept, mechanism, and
applications of phenolic antioxidants in foods. J
Food Biochem. 44(9), e13394.

[26] Kumar, S., Yadav, A., Yadav, M., & Yadav, J.
P. (2017). Effect of climate change on
phytochemical diversity, total phenolic content and
in vitro antioxidant activity of Aloe vera (L.) Burm.f.
BMC Research Notes, 10(1), 60.

[27] Heydari, S., Jooyandeh, H., Behbahani, B., &
Noshad, M. (2020). The impact of Qodume Shirazi
seed mucilage-based edible coating containing
lavender essential oil on the quality enhancement
and shelf life improvement of fresh ostrich meat: An
experimental and modeling study. Food Science &
Nutrition, 8(12), 6497-6512.

[28] Sharma, S., Verma, O., Devi, L., & Kumar, R.
(2021). ANTIOXIDANT ACTIVITY, TOTAL
PHENOLIC AND FLAVONOID CONTENTS OF
ALOE VERA LEAVES EXTRACT. Journal of
Phytological Research. 34(1), 49.

[29] Bista, R., Ghimire, A., & Subedi, S. (2020).
Phytochemicals and Antioxidant Activities of Aloe
Vera (Aloe Barbadensis). J Nut Sci Heal Diet 1(1):
25-36.

[30] Yeganegi, M., Yazdi, F.T., Mortazavi, S.A.,
Asili, J., Behbahani, B.A. and Beigbabaei, A.
(2018). Equisetum telmateia extracts: Chemical
compositions, antioxidant activity and antimicrobial
effect on the growth of some pathogenic strain
causing poisoning and infection. Microbial
pathogenesis, 116, pp.62-67.

[31] Baliyan, S., Mukherjee, R., Priyadarshini, A.,
Vibhuti, A., Gupta, A., Pandey, R.P., & Chang,
C.M. (2022). Determination of Antioxidants by
DPPH Radical Scavenging Activity and
Quantitative Phytochemical Analysis of Ficus
religiosa. Molecules.27(4):1326.

[32] Alizadeh Behbahani, B., Falah, F., Vasiee, A.,
& Tabatabaee Yazdi, F. (2021). Control of microbial
growth and lipid oxidation in beef using a Lepidium
perfoliatum seed mucilage edible coating

182

incorporated with chicory essential oil. Food
Science & Nutrition, 9(5), 2458-2467.

[33] Comas-Serra, F., Estrada, P., Minjares-Fuentes,
R., & Femenia, A. (2023). Evaluation of
Acemannan in Different Commercial Beverages
Containing Aloe Vera (Aloe barbadensis Miller)
Gel. Gels, 9(7).

[34] Kahramanoglu, 1., Chen, C., Chen, J., & Wan,
C. (2019). Chemical Constituents, Antimicrobial
Activity, and Food Preservative Characteristics of
Aloe vera Gel. Agronomy, 9(12). 831.

[35] Behbahani, B. A., Shahidi, F., Yazdi, F. T., &
Mohebbi, M. (2013). Antifungal effect of aqueous
and ethanolic mangrove plant extract on pathogenic
fungus” in vitro". International Journal of
Agronomy and Plant Production, 4(7), 1652-1658.

[36] Tenover, F. C. (2019). Antimicrobial
Susceptibility Testing. In T. M. Schmidt (Ed.),
Encyclopedia of Microbiology (Fourth Edition) (pp.
166-175). Oxford: Academic Press.

[37] Balouiri, M., Sadiki, M., & lbnsouda, S.K.
(2016). Methods for in vitro evaluating
antimicrobial activity: A review. J Pharm Anal.
6(2):71-79.

[38] Arsene, M. M. J., P. I. Viktorovna, G. V. Sergei,
F. Hajjar, Y. N. Vyacheslavovna, Z. A.
Vladimirovna, V. E. Aleksandrovna, S. A.
Nikolayevich & N.  Sachivkina  (2022).
Phytochemical ~ Analysis,  Antibacterial and
Antibiofilm Activities of Aloe vera Aqueous Extract
against Selected Resistant Gram-Negative Bacteria
Involved in Urinary Tract Infections. Fermentation,
8(11), 626.

[39] Epand, R. M., Walker, C., Epand, R. F., &
Magarvey, N. A. (2016). Molecular mechanisms of
membrane targeting antibiotics. Biochimica et
Biophysica Acta (BBA) - Biomembranes, 1858(5),
980-987.

[40] Tabatabaei Yazdi, F., & Alizadeh Behbahani,
B. (2013). Antimicrobial effect of the aqueous and
ethanolic Teucrium polium L. extracts on gram
positive and gram negative bacteria “in vitro”.
Archives of Advances in Biosciences, 4(4). 55-61.

[41] Alghooneh, A., Alizadeh Behbahani, B.,
Noorbakhsh, H., Yazdi, F. T. (2015). Application of
intelligent modeling to predict the population
dynamics of Pseudomonas aeruginosa in
Frankfurter sausage containing Satureja extract.
Microbial Pathogenesis. 85, 58-65.


http://dx.doi.org/10.22034/FSCT.22.158.172
https://fsct.modares.ac.ir/article-7-75915-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-15 ]

[ DOI: 10.22034/FSCT.22.158.172 ]

Iranian Journal of Food Sciences and Industries,

No. 158, Volume 22, April 2025

[42] Arbab, S., Ullah, H., Weiwei, W., Wei, X.,
Ahmad, SU., Wu, L., & Zhang, J. (2021).
Comparative study of antimicrobial action of aloe
vera and antibiotics against different bacterial
isolates from skin infection. Vet Med Sci. 7(5), 2061-
2067.

[43] Mohebbi, M., Alizadeh Behbahani, B.,
Ansarifar, E., & Noshad, M. (2015). Antimicrobial
effect of Aloe vera and chitosan “in vitro”. IRANA
JOURNAL OF INFECTIOUS DISEASES AND
TROPICAL MEDICINE. 19(67), 21-29.

183


http://dx.doi.org/10.22034/FSCT.22.158.172
https://fsct.modares.ac.ir/article-7-75915-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-15 ]

[ DOI: 10.22034/FSCT.22.158.172 ]

Vet ;‘-’»'\J-ffé Y oy95 NOA o el LQ\J.')'l J\-Lo C—Lﬂﬁ}(’j\"‘d’”“

Ol e s 5 pske alaus

www.fsct.modares.ac.ir e ol

SL S 5 sl p 1wl oylas g5 Sedd Jouily 5 Sl ST sl S5 b5

AL LT aallas 1t p 8 5t p S

"ol oolle s, (S5 e FL e el dezee Ml 5 WS

cb)&)’)‘)l.ﬂis C}L& NEGH «L;LU.& @L;;)da\: r)l; oISl LL;L\J\..Q @L«a L;.».L».@.«Jr)l& ajjg A-L-:V)‘ fu)ksd)’h,.:d\; -)

Olji] ‘J’UM” udb)}}ﬂcl.\,a)d))jl,&s (:}l.& aK.:J'J L‘;‘J‘.j\.b @u}wlb f)lﬁ oSSl tg;l]v\—c @L«é w.)m.@.djr}l& a)‘)f c)l:.ii\: -Y

o.&& e !
;;AKT &J.M.s L;&:«b le.ha..b)\v\.@ﬁ.: 9 CJL.:SJS b &\J& b‘jﬁ t_éj.,aﬁ 6)_5]4‘ ca‘)? BE) sl s @)U

RO PN P PSP S PO TIPSR ORIV, IV K EUL SR P S Y

VBN Sl sl

VSTV 1t pdy gyl

A5 SAeaSI ST sla S5y ol A3 552 5 3 Olsn sty cnl 03 Hskie reas o
O 2 8 13 bl 3,0 136 0T ol S 5 5ledel consws ol ojlas o5 Snds
VAYIY 5 ojlas p 3 a0 55 el SUJB 0 5 L V) G5 a0 S L5500 5 b
Sl S8 le doss SV S (S 03lll ajlas p 5 a3 ot 555 0 S e
cble opxiy ;5 700/+V (ABTS 531 sl gl 5 £ WY« DPPH 551 JIGsl
B e O TR T (R RV G W SO W B
05 S BT Sals 5 BT 05y Ss sla iy 53 oslas oy Sads

L;ﬁ'@;)@i“;&@j,ﬁ/éuojjg Sl iy sledislasl clale o maS g Cte

1S wlads
s 3

(s SbAs
Wby OlS 5
R RVLE

& i skl o st siee bt (sl e sSS shlen] i Sise b
O1 31 0155 50 5 ool s 5 Kok 5 OIS 5T S 5 G sl T o5lae

.JJS saleul Lf'”i"‘b oJJ)U.@_i;' ‘g.’. Qb..&d.’

DOI:10.22034/FSCT.22.158.172.

e J i "
mehrnia@asnrukh.ac.ir

184


http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.22.158.172
https://fsct.modares.ac.ir/article-7-75915-en.html
http://www.tcpdf.org

