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Abstract

Staphylococcus aureus (S. aureus) is the almost-universal cause of furuncles, carbuncles, and skin abscesses which is the most
commonly identified agent responsible for skin infections. Most strains of S. aureus are now resistant to antibiotics, forcing the
patients treated with high dosage drug, of which must be observed closely for potentially severe adverse effects. Efforts,
therefore, have been increasingly made and paid attention to antimicrobials derived from the plants either as pure compounds
or as standardized plant extracts. Among a variety of natural sources, seeds from citrus plant are reported to have antioxidant,
anti-mutagenic, anti-inflammatory and antibacterial properties. Accordingly, successful isolation and extraction of
phytochemicals from lemon seed would be medicinally advantageous.

In this study, the antimicrobial efficacy of lemon seed extract against the growth and development of S. aureus was thoroughly
investigated. The mixture of lemon seed extract with different concentrations and ratios, and a certain amount of medium and
inoculum, of which ranging from 5% to over 20% to determine the Minimum Inhibitory Concentration (MIC) against S.
aureus. The obtained results of this study have indicated that the extract of lemon seed showed not only the statistically
significant reduction of S. aureus colony formation at 15% in agar test and 22% at broth test with the ratio of 1:4 v/v but also
the improved medicinal advantages of aqueous extracts of lemon seed usage against the growth and development of S. aureus.
In summary, the lemon seed extract could effectively inhibit the growth of S. aureus at the selectively applied concentration.
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1. Introduction

Infectious disease is the most common problem that
receiving the deserved attention of many countries around
the world, especially from developing countries. The
explosion of population and environmental pollution have
increased the incidence of infection ™. Among many
different types of mentioned problem, skin infection is the
most susceptible one with approximately 300 million
peoples being infected with various types yearly all over the
world, and it was listed in the top 10 most prevalent diseases
in 2010 by the Global Burden of Disease (GBD) [, Skin
infection is commonly occurred at all ages, but 90% of the
cases are in kindergarten age [*I. The factors such as climate,
low socioeconomic status, overcrowding, poor skin
condition, low hygienic level facilitate the bacterial growth
and development in the skin [, The skin infection is caused
by microbial invasion of the layers of skin and underlying
soft tissues, it may occur at sites where the skin surface has
been scratched, such as a wound or surgical site infection or
it may also appear without apparent breach of the skin
barrier, such as folliculitis occurring at hair follicles,
furuncles and carbuncles forming at pores Bl S. aureus is
considered to be a major pathogen that colonies and infects
both hospitalized patients with decreased immunity, and
healthy immuno-competent people in the community.

S. aureus is one of the well-known parts of normal
microbial flora in the upper respiratory tract or on the skin.
It is facultative, non-motile, non-spore forming Gram-
positive bacteria. Every single cell has the spherical shape,

0.5 to 1.0um in diameter. S. aureus appears in pairs, short
chains, or grape-like clusters under the microscope. Typical
colonies are yellow to golden yellow in color, smooth,
entire, slightly raised, and hemolytic on blood agar.
However, many strains of S. aureus may appear dirty white
and non-hemolytic ©l. S. aureus grows rapidly in aerobic
conditions, the range for the growth is between 10 and
470C, with an optimum of 30 to 37° C; pH of 4.2 t0 9.3. S.
aureus can produce catalase enzyme to react with H202
from WBCs in human plasma or serum, it is also oxidase-
negative, hemolytic bacteria. Their ability to ferment
glucose and mannitol can be used to distinguish other
staphylococci [,

The pathogens from S. aureus often have high antibiotic
resistance, so the use of antibiotics for treatment is
significantly hampered because patients may be allergic to
antibiotics with high doses 1. Historically, plants have been
valuable and indispensable sources of therapeutic agents for
the health of human beings and they have a great potential
for producing new drugs. In today’s global market, more
than 50 major drugs originated from tropical plants,
therefore; such plants should be investigated to better
understand their properties, safety, and efficiency [, In
addition, the antimicrobial effects of compounds derived
from plants have especially been paid to the roles of
biologically active compounds in human health and disease
treatment instead of nutritional value only. It has been
reported that the phenolic compounds might significantly
decrease the risk of some health problems due to
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their antioxidant, antimutagenic, anti-inflammatory and
antibacterial properties [® 101,

Citrus fruits originated in South East Asia and belong to
family Rutaceae, subfamily Aurantoideae and tribe Citrae.
This widely grown fruits on the planet consisting of 40
species that are distributed around the world . Bioactive
compounds such as phenolics, flavonoids, and vitamins in
citrus fruits are believed to prevent antimicrobial activities
and protect human health I 2 Lemon fruit is an
inexpensive, easily available citrus fruit, popular for its
culinary and medicinal uses, contain many biological active
compounds such as polyphenolic compounds of flavonoids
and some limonoids. The crude extracts of different parts
(leaves, stem, root, juice, peel, seed and flower) of lemon
are having different potential in against clinically significant
bacterial strains has been reported 11,

Different part of lemon fruit contains different biologically
active compounds, and the seeds are being the primary stage
of the life cycle of plant, containing phytoconstituents which
have been proven to contribute to antimicrobial activity by
owing a strong defense mechanism 4 51 emon seeds
contain many secondary metabolites [l and prominently
high concentration of limonoids 71, There are three forms
of limonoids in citrus seeds: monolactone, dilactone, and
glucosides by 36 different variations of limonoid skeleton.
The first limonoids were identified mainly limonin as the
bitter constituent of citrus seed which was following by
accumulated nomilin, obacunone, and deacetylnomilin as
well as dilactones, nomilinic acid, deacetylnomilinic acid
and their glucosides [*8. These compounds also contributed
to plant defense by demonstrating anti-infection pathogenic
bacteria.

Although lemon seed extracts are applying for testing the
antimicrobial activity for a numerous strain of bacterial,
there is no information about the how to utilize and apply
the extracts from lemon seeds for evaluating and testing the
antimicrobial activity on the S. aureus. It is, therefore,
scientifically and economically important to know whether
the lemon seed extract can be used to inhibit the activity of
the S. aureus. Also, the consequence of choosing a suitable
concentration of the lemon seeds extracts should be
controlled in order to meet the proposed works need to be
determined as well.

In summary, this study has been conducted to determine as
well as to evaluate the possible and highly suitable
concentration of lemon seeds extracts against the growth of
S. aureus. The aim of this study was to evaluate the effect of
the lemon seeds extracts against the S. aureus.

Materials and Methods

Materials

Lemon fruits were collected from the South Western
province of Ben Tre province, Vietnam. The lemon seeds
were dried in drying oven at 105°C to get the consistent
moisture content of 5% and then store in Desiccator ready
for further use and analysis.

S. aureus ATCC 25923 with freeze-dried format was
purchased from Lan Oanh Company, Ho Chi Minh,
Vietnam.
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Brain Heart Infusion Broth was purchased from Doviet Joint
Stock Company, Ho Chi Minh City. Brain Hear Infusion
Agar was purchased from Gen Lab Company, Ho Chi Minh

City.

Methods

Preparation of Lemon seed extract

The dried lemon seeds were well ground into fine powder
by using a blender.

To prepare the aqueous extract, 10g of lemon seed powder
was added to 100 ml deionized water (ratio of 1:10 w/v) at
90°C for 2-3 hours and cool down to 50°C-55°C. The
collected mixture was filtered using standard funnel and
filtering paper to collect the filtrate (aqueous phase). The
filtrate was then centrifuged at the speed of 1500rpm at
room temperature for 15 minutes to remove the insoluble
and debris in order to have a purified lemon seed extract at a
certain degree.

The following process of antimicrobial activity tests were
performed with different concentrations of dilution from the
total lemon seed extract; computed by the formula:

mass of solute
“'J'rv (%}_ f : (g)
volume of solution(ml)

100

Each different final concentration was diluted using
deionized water. Each concentration was labeled and stored
at 4°C. The solution should be autoclaved at 121°C and
15Ibs pressure before using for further antimicrobial tests.

Microorganisms preparation

The freezing-dried form of S. aureus ATCC 25923 was
cultured in Blood Agar (BA) medium and then were
incubated for 16-24 hours at 37°C before culturing in
Brain-Heart infusion broth (BHI). After checking without
contamination on Agar Base, randomly take one colony on
the BA plate to culture in BHI broth medium at 37°C for 24-
36 hours for further antimicrobial activity testing.

To ensure the bacteria appeared in BHI broth medium was
Staphylococcus aureus only, the taken bacteria in BHI was
then cultured again in BA from 24-36 hours at 37°C for
gram stain and catalase test. This process was weekly
performed in order to check the bacterial as well as to safely
keep the bacterial for such a long time.

Agar plate test

This test was performed by culturing the inoculum on BHI
agar containing a specific concentration of lemon seed
extract. Three ratios of 1:4 viv, 1:2 viv, 1:1 v/v were
repeated 5 times, for each concentration.

In details, 10 ml BHI agar medium was autoclaved at
121°C, 15 minutes and cooled down to about 600C before
transferring the lemon seed extract into the medium, vortex
well and pour into the petri dish. A sterile cotton swab was
used for spreading out 20 pm inoculum on the surface plates
and incubated at 37°C, 24 hours. There were several
treatments which distinct in added the sample into the
medium.
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Table 1: Experimental design for culturing the Staphylococcus aureus for each treatment.

No. of replicated _ Added materials
Medium | Inoculum | Lemon seed extract
Negative control 1 N X X
Negative control 2 1 N X N
Positive controll 1 N N X
Sample 5 N N N

(V: with; x: without)

Table 2: Experimental design for culturing Staphylococcus aureus.

Treatment No. | Concentration of sample | No. of replicates

5% 5

6%

6.5%

7%

8%

9%

10%

15%

OO |INO(OTB|W[IN|F-
oljojojoiforjorjorjon

20%

Colony counter was used to determine the number of
colonies growing on the agar medium after incubated.

Broth test

S. aureus was cultured in BHI broth medium containing
specific lemon seed extract concentration, for each
treatment the number of replicated was five times. Three
different ratios of 1:4 v/v, 1:2 viv, 1:1 viv (lemon seed
solution/medium) were performed to determine the minimal
inhibitory concentration of lemon seed extract against
Staphylococcus aureus.

Broth medium was autoclaved at 121°C, 15 minutes and
cooled down to approximately 6°C, then transferred the
sample to medium which was followed by adding 20ul of
the inoculum before incubated at 37°C for 24 hours.

Table 3: Experimental design for culturing Staphylococcus aureus.

Treatment No. | Concentrate of sample | No. of replicates
1 5% 5
2 6% 5
3 6.5% 5
4 7% 5
5 8% 5
6 9% 5
7 10% 5
8 15% 5
9 20% 5
10 21% 5
11 22% 5
12 25% 5

The result of this test was collected by counting the colony
with “liquid serial dilution” method. Bacterial counting was
determined to the effect of lemon seed to the pathogen and
calculated by the following the formula:

% Reduction (D-value) =
[(Memi CFU }cmitrol —{Memi CFU ]smn‘p!e]:\: 100
{Memi CFU ]rmitrol

Log (Reduction) = Logio [{:MeauﬂFcha?m'uE—Logm
(Mean CFU )sample

This method was intentionally used to determine minimum
inhibitory  concentration (MIC) as the minimum
concentration of the extract solution that completely inhibits
the growth of visible bacterial.

Statistical analysis

All data were treated and presented as means * standard
deviation of representatives of similar test carried out in 5
times of replication. Statistical differences in colony
forming unit (CFU) were determined by student’s one-way
ANOVA in which, P-values less than 0.05 was considered
statistically significant.

Results and Discussions

After the dried powder of lemon seed was added to
deionized water, then sonicated in water bath at 90°C for 2-3
hours followed by filtering using filter paper, the aqueous
phase of lemon seed was obtained. It had a yellowish-brown
colored solution.

The formula below was used to calculate the obtained yield:

dissolved powder in solutionx 100

intitial biomass of powder

Yield of extraction(w/v %) =

As a consequence, the concentration of lemon seed extract
was of 15% (w/v) which was followed by adding deionized
water to have it diluted into different concentrations of
lemon seed solution ( 5%, 6%, 7%, 8%, 9%, 10%) by
applying the formula C1V1= C2V2 (Where C1 and C2 are
the concentration (%) of the initial and final solution,
respectively, V1 and V2 are the volume (ml) of the initial
and final solution).

Fig 1: Lemon seed extract with difference concentration

Lemon seeds are commonly herbal medicine in traditional
medicine systems which contains the high level of bioactive
compounds, it used to be potent analgesic, anti-
inflammatory, antibacterial, antifungal agent 29,
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e Microoraganism preparation

» Staphylococcus aureus culture’ identification
Staphylococcus  aureus  belongs to  the  family
Staphylococcaceae, the colony formation on Blood Agar of
S. aureus usually displays a light to golden yellow pigment

Negative control
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and frequently surrounded by zones of clear beta-hemolysis
which is sphingomyelinase that is highly active against
sheep erythrocytes?’. The formation of colony on blood agar
after incubated at 37°C, 24 hours, as opposed to the negative
control, is shown in figure 2:

B o

Staphylococcus aureus

Fig 2: S. aureus colonies on blood agar

Fig 3: Gram stain of S. aureus showing typical gram-positive cocci in pairs, tetrads and grape-like clusters

Fig 4: Catalase test of S. aureus

From figure 2 and 3, S. aureus could be differentiated from
others since it is a gram-positive bacterium and the color of
gram stain was a purple and in cocci shape. In addition, the
identified Staphylococcus aureus from another aerobic
gram-positive cocci catalase test was used 2% The test was
performed by adding bacterial cells from a colony to a drop
of 3% by using hydrogen peroxide. The appearance of
bubbles (right) indicates the enzyme catalase while catalase-

negative bacteria give no reaction (left) was shown in figure
4,

In the laboratory, many strains were cultured at the same
time, so opportunistic bacteria contamination could not be
avoidable. Therefore, each individual test should be
performed singularly and separately in order to prevent and
avoid any possible contaminants.
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e Determination of antimicrobial activity lemon seed extract including 5%, 6%, 6.5%, 7%, 8%, 9%,
» Agar plate test 10%,15% and 20% (w/v). Each ratio was named test 1, test
In this test, the experiment was performed with 2 controls 2 and test 3, respectively. The experiment was repeated five
(positive and negative control) and three tasting sample times. The data was recorded after adding lemon seed
ratios of is 1:4 viv, 1:2 v/v and 1:1 v/v (ml of medium : ml solution and incubated 37°C, 24hours.

of lemon seed extract), nine different concentrations of

10% (wiv) 15% (w/v)

Fig 5: Sample concentration testing on agar plate with the ratio of 1:4 (v/v) with the minimal inhibitory concentration (on the right) in
comparison to the 10% of sample (on the left).

7% (wiv) 8% (w/v)

Fig 6: Sample concentration testing on agar plate, ratio of 1:2 (v/v) with the minimal inhibitory concentration (on the right) in comparison to
7% of sample (on the left).

5% (W/v)
Fig 7: Sample concentration testing on agar plate, ratio of 1:1(v/v) with the minimal inhibitory concentration (on the right) at 5% in
comparison to control (on the left).

Negative control
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Table 4: The antimicrobial activity result of lemon seed extract testing on agar plate.

Concentration (%)Mean|Standard deviationReduction (%)[Log reduction|
Control 444 4 4,037
5% 255.4 26.633 0.2406
6% 214.2 11.367 51.80 0.3170
6.50% 199.8 9.445 55.04 0.3472
A\
Test1(1:4) 7% 1714 6.914 61.43 0.4138
8% 90.2 6.496 79.70 0.6926
9% 28.6 9.044 93.56 1.1914
10% 4.8 1.483 98.92 1.9665
Control 493 3.933
Test 2 5% 48.4 3.109 90.18 1.0080
(1:2) 6% 29 5.888 94.12 1.2304
’ 6.50% 28.6 4,031 94.20 1.2365
7% 3.8 0.957 99.23 2.1131
Test 3 [Control 489 2.828
(1:1)
100
90
g; 80
E’ 70
e
T w0
3
© 50
o
40 I
30
Test 1(1:4) Test 2(1:2)
m5% mG% m650% m7% m8% mo% m10%

Fig 8: The percentage of bacterial reduction (%) at different concentration lemon seed extract with different ratios in agar media.

In the agar plate testing, there were significant differences in
the bacterial reduction at different concentration of 5%, 6%,
6.5%, 7% of test 1 and 2. Comparisons of the S. aureus
reduction at different concentrations of the lemon seed
extract showed no significant differences between 10% and
7%, 9% and 6%, 6.5% in test 1 and in test 2 respectively.
However, the differences between the other concentrations
of the extract in each test were significant (p<0.005).
Therefore, the probability of bacterial growth would have
reduced when increased the sample concentration. Also, the
increased volume of lemon seed extract in the agar medium
lead to the inhibition of bacterial growth at the lower
concentration of lemon seed extract. Hence, the proportion
of bacterial reduction underwent a rise as well as the
increasing concentration of lemon seed extract (figure 8).

In addition, at the concentration of 15%, 8% and 5% of the
sample solution in test 1, test 2 and test 3, respectively,
showed 5 of 5 replicates had no colony formation after
incubation 24 hours. There was demonstrated that lemon

seed was able to inhibit the growth of S. aureus though it
was found to be effective at a higher concentration and
volume, it indicated a marked antimicrobial activity and has
an ability to replace the synthetic medicine for skin
infectious treatment. To sum up, the lemon seed solution
given their antimicrobial activity when it contributed at least
15% (MIC) at a quarter per total solution.

= Broth test

The broth experiment was conducted with 3 control samples
and 9 testing samples with different concentrations of lemon
seed extract and was repeated five consecutive times. The
turbidity was used to test the bacterial growth in the liquid
medium. After 24 hours of incubation, the dilution method
was used to count the colony from broth medium into agar
plates. Taking 0.1 ml of the mentioned suspension and
added with 0.9 ml of sterile distilled water. From this
suspension, 8 dilution factors were done and 100 pl of
lasted dilution is cultured on agar plated for 37°C, 24hours.
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Fig 11: Concentration broth with the ratio of 1:1(v/v) in test 3

Test tube 1: Negative control 1 with BHI broth medium
only.

Test tube 2: Negative control 2 with BHI broth medium and
the lemon seed extract.

Test tube 3: Positive control with BHI broth medium and
20pl Staphylococcus aureus inoculum.

Test tube from 4 to 12: contains 20ul bacterial inoculum
with three different ratios between the BHI medium and the
concentration of the lemon seed extract from 5%, 6%, 6.5%,
7%, 8%, 9%, 10%, 15%, and 20%. There are three more
tubes were used for the concentration of the extract 21%,

22% and 25% in test 1.

As showed in figure 9, the liquid inside the tube with the
concentration of 22% and 25% was clear and slightly
transparent which indicated no bacteria growth in the ratio
1:4(v/v). Similarly, with the ratio of 1:2(v/v) and 1:1(v/v),
the tube arrangement from 10 to 12 and from 8 to 12
indicated the clear and transparent liquid that verified no
bacteria growth in figure 10 and figure 11 in respectively. In
a short summary, the increased amount of lemon seed
extract in the medium could inhibit the growth of S. aureus
at a wider range.
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Table 5: The antimicrobial activity result of lemon seed extract testing on broth media

Concentration (%) | Mean | Standard deviation | Reduction (%) | Log reduction
Control 500.6 10.807
5% 309.4 85.981 38.19 0.2090
6% 2154 19.074 56.97 0.3662
6.50% 136.2 20.825 72.79 0.5653
Test 1 7% 133.8 8.556 73.27 0.5730
(1:4) 8% 31.6 16.288 93.69 1.1998
' 9% 6 1.000 98.80 1.9213
10% 5.2 2.387 98.96 1.9835
15% 5.2 1.483 98.96 1.9835
20% 4 1.414 99.20 2.0974
21% 1.6 2.074 99.68 2.4954
Control 501 9.950
5% 137.4 12.502 72.57 0.5619
Test 2 6% 73.4 32.478 85.35 0.8341
(1:2) 6.50% 65.6 28.290 86.91 0.8829
’ 7% 19.8 7.328 96.05 1.4032
8% 4 4.637 99.20 2.0978
9% 3.2 4.604 99.36 2.1947
Control 486.6 36.672
Test 3 5% 17.2 26.442 96.47 1.4516
(1:1) 6% 10.6 15.010 97.82 1.6619
' 6.50% 7.6 10.550 98.44 1.8064
7% 3.8 6.870 99.22 2.1074
100
95
90
85
. 80
75
§ 70
c 65
LS 60
© 55
3 50
T s
& 40
35
30
25
20
Test 1(1:4) Test 2(1:2) Test 3(1:1:)
W5% W6% W650% m7% W8% m9% W10% m15% m20% ©21%

Fig 12: The proportion of bacterial reduction (%) at different concentrations of lemon seed extract with different ratios in broth media

Table 5 showed the percentage of bacterial reduction
performing in broth medium after the broth culture was put
on the agar plate, and then incubated in 24 hours for
counting the colony formation. The CFU was calculated for
the reduction’s proportion to determine the antibacterial
activity of sample?2. Since S. aureus can increasingly grow
in the high moisture content medium, the MIC of lemon
seed extract in broth medium was different and higher from
agar medium. As presented in this table, the comparison
between bacterial reduction of different concentrations
showed a significant difference between test 1, 2 and 3. On
the other hand, the comparison between the same extract
concentration on S. aureus reduction determined a
significant difference between three tests in broth medium.
The difference of reduction for S. aureus at 21% (test 1), 9%
(test 2) and 7% (test 3) was no significant.

Moreover, the experiment has proven that the sample
concentration of 22%, 10% and 8% in test 1, test 2, and test
3, respectively represented for MIC in each test. At the
concentration of 22% in test 1, 10% in test 2 and 8% in test
3, the lemon seed extract started their antimicrobial activity

with the percentage of S. aureus reduction was higher 90%
(figure 12) as the steadily low CFU was seen. This could
conclude that the growth of S. aureus was able to be
inhibited by the lemon seed extract for 24 hours at the
concentration of 22% with one-fourth per total solution.

Conclusions

In this study, the effects of the lemon seeds extract against
the growth and development of S. aureus was successfully
and thoroughly investigated.

Lemon seed extract showed its antimicrobial activity when
its extracted solution contributes to about 15% of a quarter
per total prepared medium affected the reduction proportion
of S. aureus over 95%

The suitable concentration of the extract was at about of
15% showed the strongest effect on the inhibition of S.
aureus.
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