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Background and Aims: Medicinal herbs are used due to fewer side effects for produce of
natural drugs in the pharmaceutical industry. The aim of this study was investigation of
antibacterial and antioxidant activity of Citrus medica skin extracts against 10 human
pathogenic bacterial and investigation of secondary metabolites in vitro.

Materials and Methods: Color and white Skin of Citrus medica under the supervision of
Citrus Research Center experts were collected from Ramsar City, Mazandaran Province, Iran
in 2014. Antibacterial activity by agar well diffusion method, total phenolic content by Folin-
Ciocalteu method, total flavonoid by aluminum chloride and antioxidant properties by DPPH
method were investigated. Phytochemical investigation of secondary metabolites was
performed.

Results & Conclusion: The highest inhibitory activity was observed on methanol extract
of color skin on Bacillus cereus bacteria. IC50 methanol extract of color, white skin and
ascorbic acid were calculated 0.1505, 0.1738 and 0.1095 mg/mL respectively. The total
phenolic content of color and white skin was 109.5 and 105.6 (mgGAE/g) and the total
flavonoid content was 3.53 and 3.02 (mgQ/g), respectively. The presence of alkaloid in
methanol extract of color skin and the presence of saponin and tannin in methanol extract of
white skin was confirmed. Due to antibacterial properties of this medicinal plant can be used
in produce antibiotics controlling of human pathogenic microorganisms.

Keywords: Citrus medica, Secondary metabolites, antibacterial

Received: 2019/06/29 Accepted: 2019/10/31 Available online: 2020/01/19

Copyright © 2019 Iranian Journal of Medical Microbiology. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

How to cite this article:

Shojaemehr M, Alamholo M. Antibacterial Activity of Alcoholic and Aqueous Extracts of

Various Organs of Citrus medica on 10 Human Pathogenic in Vitro. Iran J Med Microbiol. 2019;

13 (4) :310-320

Download citation: BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks

Send citation to: @ Mendeley e Zotero RefWorks

Ol Sy eulid o 5 Sus alas Majallah-i mikrub/shinasi-i pizishki-i Iran.

310


http://dx.doi.org/10.30699/ijmm.13.4.310
mailto:mostafa.alamholo@yahoo.com
http://orcid.org/0000-0003-0335-9636
http://orcid.org/0000-0003-1644-8179
http://www.ijmm.ir/
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=BibTeX
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=BibTeX
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=ris
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=ris
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=EndNote
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=EndNote
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=Medlars
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=Medlars
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=ProCite
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=ProCite
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=Reference_Manager
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=Reference_Manager
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=RefWorks
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=http://ijmm.ir/article-1-946-en.html
http://www.mendeley.com/import/?url=http://ijmm.ir/article-1-946-en.html
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=ris
http://ijmm.ir/web2export.php?a_code=A-10-1227-1&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=Iran-J-Med-Microbiol&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fijmm.ir%2Farticle-1-946-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=Iran-J-Med-Microbiol&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fijmm.ir%2Farticle-1-946-en.html
https://crossmark.crossref.org/dialog/?doi=10.30699/ijmm.13.4.310

Mohadeseh Shojaemehr and Mostafa Alamholo.

311

Introduction

Due to use of plant medicinal in treatment of
chronic human diseases, it is believed that herbs are
safer than synthetic drugs and lack side effects (1).
One of the herbs that have medicinal use is Citrus
medica. Flavonoids in methanol extract of citrus
bark have been identified as antimicrobial agents
(2). C. medica is used in the treatment of diabetes
and Alzheimer's diseases (3). Many phenolic and
flavonoid compounds have antioxidant activity,
such as metal chelating and free radical scavenging
activity, which is created by inactivating reactive
oxygen species and other free radicals produced by
aerobic metabolites. The aim of this study was to
evaluate the antibacterial and antioxidant activity of
the skin extracts of Citrus medica against human
pathogenic bacteria and the presence and absence
of secondary metabolites in vitro.

Materials and Methods

The color and white skin of Citrus medica under
the supervision of citrus research center experts
were collected from Ramsar city, Mazandaran
province, Iran in 2014. The extract was performed
by soxhlet apparatus.

The bacteria such as Streptococcus pyogenes
(PTCC-1447), Bacillus subtilis (PTCC-1156), B. cereus
(PTCC-1247), Micrococcus luteus (ATCC 10987),
Staphyllococcus aureus (PTCC-1189), Escherichia
coli (ATCC-25922), Shigella boydi (PTCC1744),
Salmonella typhi (PTCC-1609), Pseudomonas
aeruginosa (PTCC-1181) and Enterobacter
aerogenes (PTCC-1221) were prepared from
Hamadan University of Medical Sciences, Iran.

In this study, aqueous, ethanolic (96%) and
methanol (80%) extracts were prepared at
concentration of 400 mg mL? of white and color
skin organs. 200 microliters of the bacterial
suspension was inoculated on sterile Molar Hinton
Agar plates and cultured by sterile swabs.
Gentamicin (10mg) and Ciprofloxacin (0.005 pg)
antibiotics were used as positive control. Minimum
Inhibitory Concentration and Minimum Bactericidal
Concentration were determined by dilution
method. To determination of MIC, a dilution series
of 200, 100, 50, 25, 12.5, and 6.25 mg mL™* of extract
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was prepared in the nutrient broth (Merck,
Germany) medium (6). The least dilution of the
extract with no opacity was considered as MIC. To
determine the minimum bactericidal concentration,
the samples of all tubes with no growth were
cultured on MHA medium. After incubation, the
lowest concentration of extract with no bacterial
growth was considered as MBC.

The total flavonoid content by Aluminum
Chloride Colorimetric method (7), total phenol
content by Folin—Ciocalteu method (8) and free
radical activity by Stojicevic et al. (9) method were
performed. IC50 of samples and ascorbic acid were
calculated.

The methanol extract was used to evaluate the
presence and absence of alkaloids, saponins and
tannins.

The experiments were performed in completely
randomized design with factorial test by SPSS 16
(SPSS Inc., Chicago, IL. USA).

Results and Discussion

The result of inhibitory activity of methanol,
ethanol, and aqueous extracts of the colored and
white skin of C. medica on human pathogenic
bacteria has been shown in Table 1. G” bacterium P
aeruginosa against the colored skin extract and G*
bacterium Streptococus pyogenes and G bacteria P.
aeruginosa and Shigella boydii against white skin
extract showed resistance. The G* bacterium B.
cereus had the highest inhibitory diameter (24 mm)
against methanol extract of colored skin. The
aqueous extract didn’t show inhibitory activity on
Streptococcus pyogenes.

Nowadays, due to development of drug
resistance and high cost of treatment with chemical
drugs as well as the adverse effects of some
antibiotics, the research is conducted to study new
antibacterial compounds, especially herbal extracts
to discover their effective chemical compounds
have been led. According to the results of Kabra et
al. (11), S. aureus and P. aeruginosa showed more
susceptible, whereas P. aeruginosa showed
resistance to ethanol extract in the present study.
The difference in degree of susceptibility of bacteria
could due to the intrinsic tolerance of
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microorganisms, the type of solvent, and the nature
of present compounds in plant extracts such as
alkaloids, tannins, saponins, phenols, glycosides and
flavonoids which have anti-microbial activity (12).

The minimum inhibitory concentration and
minimum bactericidal concentration of white and
color skin extract of C. medical has been shown in
Table 2. The minimum inhibitory dilution of
methanol extract of color skin on G* bacteria B.
subtilis and B. cereus and G™ bacteria S. typhi and E.
coli was 6.25 mg mL*. Minimum inhibitory dilution
of ethanol extract of white skin on G* bacterium M.

luteus was 6.25 mg mL?l. P. ageruginosa was
resistance to color and white skin extracts.

DPPH free radical scavenging rate was increased
by increasing of plant extract concentration. The
ICso content of each sample of extract and ascorbic
acid was calculated (Table 3). The IC50 of methanol
extract of color and white skin and ascorbic acid
were calculated as 0.1505, 0.1738 and 0.1095 mg
mL?, respectively. Total phenolic content of color
and white skin as 109.5 and 105.6 (mgGA/g) and
flavonoid content as 3.53 and 3.02 (mgQ/g) were
obtained, respectively.

Table 1.Antibacterial activity of methanol, ethanol, and aqueous extracts of colored and white skin of C. medica in comparison to
gentamicin and ciprofloxacin antibiotics

Color skin White skin
Bacteria Gentamicin Ciprofloxacin
Methanol Ethanol Aqueous Methanol Ethanol Aqueous
B. subtillis 21+0.57 12.67+0.88 11+0.57 201 13.33+0.88 11 +0.57 29+0.57 29.5+0.33
B. cereus 24+0.57 17.33+0.66 12.33+0.33 9.67+0.33 12.67+0.88 9+0.57 19.66+0.33 28.5+0.66
S. aureus 18.67+0.88 18+0.57 14.33+0.33 11.67+0.66 15.33+1.2 10.33+0.66 20+1 28.5+0.66
S. pyogenes  10.33+0.33  10.67%0.33 0£0 0+0.00 0 £0.00 0£0 20+0.57 31.5£0.33
M. luteus 14+0.57 15.67+0.33 17+0.57 10.67+0.88 13.67+0.66 13+1.15 22+0.33 301
S. typhi 10.67+1.33  12.33+0.67 9.67+0.33 8.33+0.88 11.67+0.33 9.33+0.66 29.5+1 33+0.57
Sh. boydi 8.33+0.67 14+ 0 10.67+0.33 0+0 0+0 0+0 19+0.57 37.5+0.66
P. aeruginosa 0+0 0+0 0+0 0+0 0+0 0+0.00 20+0.33 24.5+0.66
E. coli 19.57+0.33  12.33+0.33 11+0.57 12+0.57 12+1 11+0.57 19.5+1 24.5+0.57
En.aerogenes 14+0.57 13.67+0.33 12.33£0.33 14.33+0.66 12+0.57 10.67+0.88 11+0.33 28+0.33

Table 2.MIC and MBC (mg mL™) of color and white skin extracts of Citrus medica against human pathogenic bacteria

Bacteria Bacteria Extract
MIC MBC MIC MBC MIC MBC MIC MBC
M 6.25 25 12.5 12.5 M 6.25 50 50 100
B. subtilis E 25 50 100 200 S. typhi E 50 25 100 200
W 50 - 50 - w 50 - - -
M 6.25 25 - - M - - - -
B. cereus E 100 - 50 100 P. aeruginosa E - - - -
W 100 - - - W - - - -
M 25 50 25 50 M 6.25 50 50 -
S. aureus E 125 25 125 50 E. coli E 50 50 25 50
w 50 - 100 - w 50 200 50 -
M 12.5 50 12.5 50 M 100 - - -
M. luteus E 50 - 6.25 25 S. pyogenes E 100 - - -
W 100 200 50 100 W - - - -
M 50 - 125 25 M 50 100 - -
En.aerogenes E 50 - 12.5 50 Sh. boydii E 50 - - -
\W% 100 - 100 - w - - - -
M: Methanol  E: Ethanol W: Water -: Lack of bacterial growth
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Table 3. The investigation of antioxidant activity (IC50) by DPPH method

The DPPH percentage for different concentrations ( mg mL?)

0.2 0.4 0.6 0.8 1
Color skin DPPH% 66.46 74.99 80.92 86.78 91.19 0.1505
White skin DPPH% 57.53 73.13 78.00 82.03 85.3 0.738
Ascorbic acid DPPH% 91.3 92.43 97.41 98.56 99.67 0.1095

Secondary metabolites such as phenol and flavonoid
have a strong potential for clearing free radicals that
are present in all different plant parts such as leaf,
fruit, seed, root and skin (13). Ghasemi et al. (15)
measured the total phenolic content of methanol
extract of 13 lranian citrus species between 66.5
and 396.8 (mgGA/g) and flavonoid content in range
of 0.3 to 31.1 (mgQ/g), which was approximately
similar to the results of present research. Menichini
et al. (16) reported the hexane extract IC50 of C.
medica skin about 0.147 mg mL™. Differences in
antioxidant capacity of different extracts have been
attributed due to
composition and secondary metabolites with

differences in chemical

antimicrobial properties such as phenol, flavonoid,
ascorbic acid and carotenoids (17).

The methanol extract of color skin showed the
presence of alkaloid and the absence of saponin and
tannin while the methanol extract of white skin
showed the presence of saponin and tannin and the
absence of alkaloid.

Choudhury et al. (12) attributed the antimicrobial
properties of plant extracts to phenolic compounds,
tannins, terpenoids, alkaloids, flavonoids and
saponins. Kabra et al. (11) showed the presence of
alkaloid and the absence of saponin and tannin in

Volume 13, Issue 04

skin ethanol extract of C. medica by phytochemical
method which was similar to the results of methanol
extract of color skin in the present study. Sheikhlar
et al. (18) reported the presence of tannins and
alkaloids and the absence of saponins in skin
methanol extract of C. limon. The difference in the
presence and absence of secondary metabolites in
plants depends on the type of specie; extract type,
solvent and testing methods (19).

Conclusion

According to obtained results, the C. medica due to
the presence of secondary metabolites such as
tannins  showed
properties. By

extraction and processing of the compounds in the

alkaloids,  saponins  and

antibacterial and antioxidant

extract of this medicinal plant can be used as
antibiotics to control human pathogens, especially

bacteria and also drug production in the

pharmaceutical and medical.
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