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Abstract

Background: With the presence of secondary metabolites that have antimicrobial properties and bacterial resistance against an-
tibiotics, medicinal plants have attracted the attention of researchers in the pharmaceutical industry.

Objectives: The present study aimed to investigate the antibacterial and antioxidant activity and phytochemical compounds of
Citrus grandis extract against human infection bacteria in-vitro.

Methods: Samples of Citrus grandis were collected from the north of Iran and assessed in terms of the antibacterial activity, min-
imum inhibitory concentration (MIC), and minimum bactericidal concentration (MBC) using the agar well diffusion method. In
addition, the anti-radical activity was determined by DPPH, total phenols were measured using the Folin-Ciocalteu method, and
flavonoids were determined using aluminum chloride. The presence of alkaloid, saponin, and tannin was also investigated. Data
analysis was performed in SPSS.

Results: The colored and white skin methanol extract of C. grandis indicated more significant inhibitory effects on Bacillus cereus,
Staphylococcus aureus, and Micrococcus luteus. The total phenol content of the colored and white skin was estimated at 79.71 and 71.63
mgGA/g, and the flavonoid level was determined to be 3.63 and 4.06 mgQ/g, respectively. The ICs, of the colored and white skin
methanol extract and ascorbic acid were estimated at 0.1251, 0.1376, and 0.1095 mg.mL", respectively. The methanol extract of the
colored skin showed the presence of alkaloid, while the white skin showed the presence of alkaloid and saponin.

Conclusions: According to the results, the C. grandis extract had antioxidant and antibacterial properties due to the presence of
secondary metabolites. Therefore, it is recommended that natural and rare drugs be produced to control pathogenic bacteria in
the pharmaceutical industry.
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1. Background

Citrus grandis originates in India and Malaysia (1). His-
torically, plants with the potential of antibacterial prop-
erties have been used in the treatment of infectious dis-
eases. Today, the increased resistance of pathogenic bacte-
ria against antibiotics has led researchers to screen medic-
inal plants with antimicrobial properties (2, 3). The stan-
dard methods used for the extraction of raw materials
from various parts of medicinal plants are aimed at achiev-
ing secondary metabolites with antimicrobial properties
and pharmaceutical processing in the field of medicine (4).

C. grandis is a thin tree, with the height of 4.5 - 9 me-
ters and angular branches, thin thorns, and single flow-
ers with broad petals, spherical fruits, and a large num-
ber of seeds in the fruits. In the past, C. grandis was used
to improve appetite and as an anti-venom agent. The ex-

tract of this plant has antioxidant and antimicrobial prop-
erties (5). Flavonoids with antimicrobial properties (e.g.,
naringin and hesperidin) are found in the fruit skin of cit-
rus. The antimicrobial activity of tannins is attributed to
the inactivation of enzymes and cellular membrane pro-
teins (6, 7). Bacterial resistance against compounds such
as plant extracts has been reported to be slower compared
to the drugs produced from these compounds (8, 9).

Antioxidants are polyphenol compounds, which are
found in all parts of plants, such as the skin, leaves, stems,
fruits, roots, and seeds (10). Antioxidants reduce the risk of
cardiovascular disease and prevent the progression of can-
cers (11). In general, Gram-negative bacteria are resistant to
herbal antimicrobial compounds unless used at high con-
centrations (8).
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2. Objectives

The present study aimed to investigate the antibac-
terial and antioxidant activities of the aqueous and al-
coholic extracts of Citrus grandis skin against 10 human
pathogenic bacteria and evaluate the presence and ab-
sence of secondary metabolites, including alkaloids, tan-
nins, and saponin, in-vitro.

3. Methods

3.1. Chemical Materials

The DPPH assay, Mueller-Hinton agar (MHA), nutrient
broth culture media, quercetin, and Gallic acid were pro-
vided by Merck Co. (Darmstadt, Germany). Ciprofloxacin
and gentamicin antibiotic discs were obtained from Paten
Tab Co. (Tehran, Iran).

3.2. Preparation of the Plant Extracts

The colored and white skin of C. grandis were collected
from Gilan Province, located in the north of Iran, in 2015
and extracted using soxhlet (12). Initially, 20 grams of dried
powder was added to 200 milliliters of 80% methanol, 96%
ethanol, and distilled water and shaken. Afterwards, the ex-
tracts were filtered and centrifuged at 10,000 rpm for eight
minutes (13). The extracts were preserved in a dark glass
bottle in the freezer at the temperature of -22°C (14).

3.3. Bacterial Strains

Gram-positive bacteria, such as Bacillus cereus (PTCC
1247), Streptococcus pyogenes (PTCC 1447), Bacillus subtilis
(PTCC 1156), Micrococcus luteus (ATCC 10987), and Staphy-
lococcus aureus (PTCC 1189), and Gram-negative bacteria,
such as Salmonella typhi (PTCC 1609), Escherichia coli (ATCC
25922), Shigella boydii (PTCC 1141), Pseudomonas aeruginosa
(PTCC1181),and Enterobacter aerogenes (PTCC1221) were pro-
vided by Hamadan University of Medical Sciences (Iran).
To prepare a fresh bacterial culture, a bacterial colony was
transferred to the solid MHA medium and incubated for
24 hours at the temperature of 37°C. The concentration of
bacterial suspension was equivalent to 0.5 McFarland stan-
dard (1.5 x 108 CFU) (15).

3.4. Evaluation of Antibacterial Activity Using the Agar Well Dif-
fusion Assay

At this stage, the concentration of 400 mg.mL" of 96%
ethanol, 80% methanol, and aqueous extracts of the col-
ored and white skin of C. grandis were prepared. Following
that, 200 milliliters of the bacterial suspension (1.5 x 10*
CFU) was poured onto the MHA medium. Wells with the

diameter of five millimeters were prepared in Petri plates.
Following that, 50 microliters (16) of the prepared concen-
tration was poured into the wellsand incubated at the tem-
perature of 37°C for 24 hours (17). At the next stage, gentam-
icin (10 p1g) and ciprofloxacin (0.005 j1g) were used as the
positive controls (3). The experiments were performed in
triplicate, and data analysis was performed in SPSS version
16.

3.5. Determination of the MIC and MBC Using the Serial Dilution
Method

To determine the minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC),
400 mg.mL" of 96% ethanol, 80% methanol, and the aque-
ous extracts of the white and colored skin extracts were
used in the serial dilution method. The dilution series of
200, 100, 50, 25, 12.5, and 6.25 mg.mL" were prepared for
the MIC assessment (18), and the one-second serial dilu-
tion was prepared. The broth nutrient culture medium
with the non-bacterial extract was selected as the positive
control, and the culture medium without the extract and
containing the bacteria was used as the negative control.
Following that, 20 microliters of the bacterial suspension
(0.5 Mcfarland) was added to all the test tubes, except the
positive control. The tubes were incubated for 24 hours at
the temperature of 37°C. The lowest dilution of the extract
with no bacterial growth was considered as the MIC. At this
stage, five microliters of the tubes with no human bacte-
rial growth was added to the MHA culture medium and in-
cubated for 24 hours at the temperature of 37°C. The min-
imum concentration with no bacterial growth on the cul-
ture medium was considered as the MBC (14).

3.6. Determination of the Total Flavonoid and Phenolic Contents

The total flavonoid content was determined using the
aluminum chloride method (19), with quercetin used as
the standard. After 30 minutes at the temperature of
25°C, the absorption of the samples was measured at 415
nanometers using a spectrophotometer and determined
as the milligram of quercetin per gram of the dry extract
weight (mgQ/g). The total phenolic content was estimated
using the Folin-Ciocalteu method (20), with Gallic acid
used as the standard. The absorption of the samples was
measured at 765 nanometers using a spectrophotometer
after 15 minutes at the temperature of 25°Cin darkness and
determined as the milligram of Gallic acid per gram of the
dry extract weight (mgGA/g).
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3.7. Anti-radical Activity by the DPPH Assay

The free radical activity was investigated using the
method proposed by Stojicevic et al. (21). The methanol
extract of the colored and white skin of C. grandis were
prepared at the concentrations of 0.2, 0.4, 0.6, 0.8, and 1
mg.mL", and ascorbic acid was used as the standard. After-
wards, the samples were placed in darkness for 30 minutes,
and absorption was recorded using a spectrophotometer
at 517 nanometers (22). The ICs, of the extracts and ascor-
bic acid were measured, and 99% methanol was used as the
blank. The free radical scavenging activity (%) was calcu-
lated using the following formula:

RSA (%) =100 (1- (As - Ab)/Ac

where As shows the sample, Ab is the blank, and Ac rep-
resents the control.

3.8. Investigation of the Phytochemical Compounds

The methanol extract was used to determine the pres-
ence and absence of alkaloids, saponins, and tannins. To
detect the presence of alkaloids, 0.5 gram of the methanol
extract was dissolved in five milliliters of 1% HCI solution,
preserved in warm distilled water for five minutes, filtered,
and added the Mayer’s reagent. The sediment or turbid-
ity indicated the presence of alkaloid (22, 23). To detect the
presence of tannin, 0.5 gram of the methanol extract was
dissolved in five milliliters of distilled water, filtered, and
added to 10% FeCl; chloride. The observation of the black-
green color indicated the presence of tannin (22). To de-
tect the presence of saponin, 20 milliliters of distilled wa-
ter was added to 0.25 gram of the methanol extract, boiled,
filtered, and shaken. The stable foam on the surface indi-
cated the presence of saponin (22).

3.9. Statistical Analysis

Data analysis was performed in SPSS version 16, and the
obtained results were expressed in a completely random-
ized design using a factorial test and average comparison
by Duncan’s test at the significance level of P < 0.05.

4. Results

Table 1shows the evaluation of the inhibitory effects of
the alcoholic and aqueous extracts of C. grandis against hu-
man pathogenic bacteria, including the negative control
(50 pL of used solvents) and positive controls (gentamicin
and ciprofloxacin). After incubation, the bacterial growth
inhibition zones were measured around the wells.

Table1also shows the findings regarding the inhibitory
effects of the methanol, ethanol, and aqueous extracts of C.
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grandis (colored and white skin) on human infectious bac-
teria. In the colored skin, the methanol extract had more
significant inhibitory effects compared to the ethanol and
aqueous extracts. The highest diameter of the inhibi-
tion zone was observed in the methanol extract against B.
cereus, S. aureus, and M. luteus. In addition, P. aeruginosa
showed resistance to the aqueous extract. Compared to the
gentamicin, the methanol extract showed had more signif-
icant inhibitory effects on B. cereus and E. aerogenes.

With regard to the inhibitory effects of the methanol,
ethanol, and aqueous extracts of the white skin, S. pyo-
genes, S. boydii, M. luteus and P. aeruginosa showed resis-
tance against the aqueous extract. On the other hand, the
methanol extract had better inhibitory effects compared
to the ethanol and aqueous extracts. The methanol extract
showed the most significant growth inhibition zone in the
case of M. luteus.

4.1. MIC and MBC

Table 2 shows the obtained results on the MIC and MBC
of the colored and white skin extracts of C. grandis. Accord-
ingly, the MIC (6.25 mg.mL") of the colored and white skin
methanol extract was observed in B. cereus and S. aureus,
while the inhibitory dilution (12.5 mg.mL") of the colored
skin methanol extract was observed in S. aureus, M. luteus,
and S. typhi. In the methanol extract of the white skin, such
effect was observed on M. luteus and E. coli. However, the
aqueous extract had no inhibitory effects on S. boydii and
P. aeruginosa, while S. pyogenes and S. boydii showed resis-
tance against all the tested dilutions.

4.2. Evaluation of Antioxidant Properties
4.2.1. Total Phenolic and Flavonoid Content

Table 3 shows the levels of flavonoids (mgQ/g) and phe-
nols (mgGA/g) in the colored and white skin methanol ex-
tract of C. grandis. Accordingly, the total phenolic content
of the colored and white skin was 79.71 and 71.63 mgGA/g,
while the flavonoid content was estimated at 3.63 and 4.06
mgQ/g, respectively. Furthermore, a significant difference
was observed in the total flavonoids between the colored
and white skin extract at 5% probability level.

4.3. Anti-Radical Activity by DPPH

Table 4 shows the IC5q content. According to the re-
sults, the inhibitory effects of the DPPH free radicals in-
creased at the higher concentrations of the extract. The
IC5, of the colored and white skin methanol extract and
ascorbic acid were estimated at 0.1251, 0.1376, and 0.1095
mg.mL”, respectively. However, no significant difference
was observed in the ICs, values between the methanol ex-
tract and ascorbic acid.
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Table 1. Antibacterial Activity of Methanol, Ethanol, and Aqueous Extracts of White and Colored Skin of C. grandis Compared to Gentamicin and Ciprofloxacin

Colored Skin White Skin
Bacteria Gentamicin Ciprofloxacin
Methanola®? Ethanolb™ ® Aqueousc™” Methanola® ? Ethanolb®® Aqueousc™ ”
B. subtilis 134 0.88" 17.67 & 0.33" 1333 £ 033" 145 +1.73% 11.67 % 0.88"° 9.33 £ 0337 29 + 057" 295+ 033"
B. cereus 20 + 0.58" 17.33 £133" 12.67 £ 12N 833 4 0.88%° 11 +153° 9.67 4 0337 19.66 4 0.33' 285 4 0.66°
S. aureus 20334 033" 16.67 4= 0.88/ 12.67 £ 033" 17.67 4 0.33" 15 4 2.4% 10 4 0.58" 20 +1" 285 4-0.66°
S. pyogenes 8 +0.67° 1233 £ 033" 1041 16.8 %+ 0.66' 14.5 + 0.00% 0+0’ 20 + 0.57% 3154 033°
M. luteus 20 % 0.58" 144 058" 9334 0.88™ 26.67 £1.76" 13.67 & 033" 04 0.00" 224033¢ 30+1°
S. typhi 124 0.58" 1267+033" 1333+ 033M 134 058" 14t 15.67 & 0.88 29.541° 334 057°
S. boydii 11.67 4 0.33\° 7.67 £ 033° 7334+ 033° B33+03" 10334088 0= o0.00" 19 £ 0.57' 375 £ 0.66"
P. aeruginosa 5334267 124 0.58" 040’ 1533 +1.2¢ 14.7 4 0.67 0= 0.00" 20+ 033" 2454 0.66"
E.coli 12334+ 03" 12334033 940332 19.67 4 0.88"" 15.67 £1.2 1233 4+ 033" 19.5 1% 245+ 057"
E. aerogenes 14 £ 033l 13 £ 0.58 1233 £12™N 22+ 0.58¢ 20.67 + 93341337 1+ 0.33° 284+ 033°
0.88°H
*Values are expressed as mean = SD.
bSame letters shows non-significant difference at P< 0.05.
Table 2. MIC and MBC (mg.mL") of Colored and White Skin Extracts of C. grandis Against Human Pathogenic Bacteria
Bacteria
Organ Con.
B. B. cereus S. M. E. aero- S. typhi P. E. S. pyo- S. boydii
subtilis aureus luteus genes aeruginosa coli genes
MIC 25 6.25 125 125 50 25 - 50 - -
M
MBC 50 50 50 100 - 25 - 100 - -
Colored MIC 50 25 25 50 25 25 100 25 - -
skin E
MBC - 50 100 100 50 50 - 100 - -
MIC 50 100 50 50 100 - - - -
A
MBC - - - - 100 200 - - -
MIC 25 50 6.25 125 50 - 100 125 - -
M
MBC 50 100 25 50 100 100 50 - -
White MIC 50 25 25 25 25 50 - 50 - -
skin E
MBC 100 50 50 100 50 100 - - - -
MIC - - 100 50 - 50 - 50 -
A
MBC - - - 100 -

Abbreviations: A, aqueous; Con., concentration (mg/mL); E, ethanol; M, methanol; -, lack of bacterial growth.

Table 3. Total Phenolic and Flavonoid Contents of Colored and White Skin Methanol
Extracts of C. grandis®

Organ Extract Colored Skin White Skin
Phenols, mgGA(g Methanol 79.71% 71.63%
Flavonoids, mgQ/g Methanol 3.63% 4.06"

#Same letters show non-significant difference at P < 0.05.

4.4. Identification of Phytochemical Compounds
In this study, the methanol extract was used to confirm
the presence or absence of secondary metabolites, includ-

ing alkaloids, saponins, and tannins. The formation of sed-
iment or turbidity indicated the presence of alkaloids (Fig-
ure 1A), the production of a stable foam showed the pres-
ence of saponins (Figure 1B), and the production of a black-
green color represented the presence of tannins (Figure
1C).

Table 5 shows the presence or absence of secondary
metabolites (alkaloids, saponins, and tannins). Accord-
ingly, alkaloids were present and saponins and tannins
were absent in the colored skin extract, while alkaloids
and saponins were present and tannins were absent in the
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Table 4. Antioxidant Activity (ICso: mg.mL") of Colored and White Skin Methanol Extracts of C. grandis and Inhibition Rate of DPPH

Inhibition Rate of DPPH at Various Concentrations, mg.mI_'l

Organ 1Cs50
0.2 0.4 0.6 0.8 1

Colored skin 79.92 86.13 93.81 96.4 98.47 0.1251A

White skin 72.7 74.44 78.16 82.85 85.31 0.1376A

Ascorbic acid 91.3 92.43 97.41 98.56 99.67 0.1095"

?Same letters show non-significant difference at P < 0.05.

A

White Skin

Color Skin

White Skin

White Skin

Color Skin

Color Skin

Figure 1. Presence of A, alkaloids; B, saponins; C, tannins

white skin extract.

Table 5. Presence and Absence of Alkaloids, Saponins, and Tannins in Colored and
White Skin Methanol Extracts of C. grandis

C. grandis
Organ
Alkaloid Saponin Tannin
Colored skin +
White skin + +

Abbreviations: +, presence; -, absence.

5. Discussion

Due to the increased bacterial resistance against an-
tibiotics and side-effects of chemical drugs, the use of
medicinal plants with antimicrobial properties has gained
importance in disease treatment (15). According to the re-
sults of the present study, ethanol and methanol polar sol-
vents could extract the compounds with antibacterial ac-
tivity, such as aromatics, flavonoids, and flavonols, which
were dissolved in the methanol and ethanol solvents (24,
25). In addition, the methanol extract of C. grandis ex-
erted more significant inhibitory effects compared to the
ethanol and aqueous extracts.

] Kermanshah Univ Med Sci. 2020; 24(3):e102243.

The literature search revealed that no prior studies
have been focused on the antimicrobial activities of C. gran-
dis in Iran. Meanwhile, the antimicrobial activity of ethyl
acetate, butanol, and the methanol extracts of the white
and colored skin of C. grandis has been investigated us-
ing the disc-diffusion method against S. aureus, B. cereus,
B. subtilis, and E. coli (26). According to the findings, the
methanol extract of the colored and white skin of C. gran-
dis showed better inhibitory activities against B. cereus and
S. aureus, which is consistent with our findings.

In a study in this regard, Mokbel and Suganuma in-
vestigated the antimicrobial activity of 80% and 100%
methanol extract of C. grandis white skin against S. au-
reus, B. subtilis, B. cereus, M. luteus, and E. coli (5). Ac-
cording to the mentioned research, 80% methanol extract
had more significant antibacterial effects compared to the
pure methanol extract, and S. aureus had the highest sus-
ceptibility. In addition, the level of free radicals was esti-
mated to be 74.5%, which in line with the present study.
Several factors could affect antimicrobial activity, such as
the extraction method, environmental conditions, plant
genotype, moisture content, extraction time, and pow-
der size (27). In the current research, the serial diffusion
method yielded more accurate results compared to the
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disc-diffusion and agar well diffusion methods (28).

Citrus fruits contain high levels of phenolic com-
pounds and ascorbic acid (29, 30). According to the find-
ings of Gorinstein et al. (31), the flavonoid content of
lemon, orange, and grape fruit is 1.9, 1.8, and 1.6 mgGA|g,
respectively. The discrepancy between the mentioned
study and our findings could be due to the differences in
the species type, environmental conditions, and different
compounds. In another research, Mathur et al. (32) re-
ported the total phenol content of the skin ethanol ex-
tract of C. sinensis, C. maxima, and C. reticulata to be 0.13,
0.02, and 0.14 mgQ/g, respectively. Furthermore, Ghasemi
et al. (33) reported the total flavonoid content of the skin
methanol extract of 13 species from Iran to be within the
range of 0.3 - 31.1 mgQ/g and the ICs, content to be within
the range of 0.6 - 2.9 mg/mL; the IC5, content obtained in
the mentioned study is consistent with our findings. On
the same note, Fatahimoghadam et al. (34) reported the
total flavonoid content of the skin methanol extract of six
citrus fruits from the north of Iran to be within the range
0f 2.65-7.68 mgQ/g and the free radical inhibition percent-
age within the range of 68.58 - 95.77%, which is consistent
with the results of the present study.

Considering the higher solubility of active compounds
with antimicrobial properties in methanol solvents (35),
we used the methanol extract to detect the presence or ab-
sence of secondary metabolites. In this regard, Tian-Shung
et al. (36) assessed the presence of alkaloids by an acetone
extract, and Okwu et al. (37) evaluated the presence of tan-
nins, alkaloids, and saponins by the diethyl ether extract
of C. grandis skin; the results of the mentioned studies are
consistent with our findings. In another study, Mishra et
al. (38) detected the presence of tannins and saponins by
the methanol extract of C. limetta skin using a phytochem-
ical method. In addition, Sheikhlar et al. (39) reported
the presence of alkaloids (consistent with our findings)
and tannins, as well as the absence of saponins (consis-
tent with our findings in the colored skin extract) by the
skin methanol extract of C. limon using a phytochemical
method. Similarly, Pandey et al. (16) reported the pres-
ence of tannins (contrary to our findings) and absence of
saponins by the skin and seed methanol extract of C. limon.
Pathan et al. (40) also reported the presence of tannins
and alkaloids by the leaf and skin hydro-alcoholic extract
of C. aurantium. The difference in the presence and absence
of secondary metabolites in various plants depends on the
variations in the species type, extract and solvent, environ-
mental conditions, and extraction methods (41).

5.1. Conclusions

According to the results, the extract of C. grandis had
antibacterial and antioxidant activities owing to the pres-
ence of secondary metabolites. Therefore, it is recom-
mended that by the processing and extraction of antimi-
crobial compounds from the extract of this plant, C. gran-
dis be used in the pharmaceutical industry as an antibiotic
to control human pathogenic bacteria.
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