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ABSTRACT

Modern commercially available medicines are used extensively because of their guaranteed
quick action, leading to an increase in the resistance of micro-organisms against these antimicrobials.
Hence, there is a need to develop innovative formulations prepared from natural extracts which can
replace these chemical antibacterials. The present study aimed to evaluate the antimicrobial efficacy of
pulp, peel, and juice extracts of three different citrus fruits (Citrus sinensis, Citrus limon, and Citrus
limetta) compared with Chlorhexidine (CHX) as positive control against oral pathogens like Streptococcus
mutans and Lactobacillus acidophilus. The methanol extracts of three citrus fruits were prepared to
estimate the Mean Zone of Inhibition in mm (ZOI), Minimum Bactericidal Concentration (MBC),
and Minimum Inhibitory Concentration (MIC) to evaluate and compare their antimicrobial efficacy
against these two oral pathogens. A comparison between the mean ZOI of these fruit extracts in
comparison to CHX was made with the aid of an independent t-test. The present study revealed that
Citrus sinensis (peel) showed a significantly higher mean diameter of ZOI against L. acidophilus
(14.63+0.57) than CHX. Citrus limetta (peel) and CHX showed the highest antibacterial effect
against S. mutans (MIC: 25 mg/mL, MBC: 50 mg/mL), but about L. acidophilus, all the extracts
including CHX showed similar antibacterial activity (MIC: 25 mg/mL, MBC: 50 mg/mL) except for
Citrus limon. All the fruit extracts were effective against both pathogens, while Citrus sinensis (peel)
showed a significantly higher mean diameter of ZOI against L. acidophilus.
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INTRODUCTION C, and E and flavonoids, phenolic compounds,
From the Vedic period till recent times, carotenoids, and dietary fibers, which are

several natural products like plants, fruits, and ?Tizﬁ];u ISf(;;et:]e %Eozitri\tgn;;'gn:;g? d?;\/OE:lL;Ll.IIT;;
their products have been used for medicinal y » A9

purposes (1). According to the World Health systems (6). They act as antibacterial, anti-in-
Organization (WHO), medicinal plants, fruits, flammatory, antiviral, and anti-cancerous

and their products can be used as a resource
for obtaining various drugs. Natural extracts
with antimicrobial properties are always effi-
cient alternatives to chemical antibacterial
products (2). Further, with the evolution of
multidrug-resistant strains, plant extracts are
considered the best alternative to antibiotics,
which are slowly losing their edge (3).

Citrus fruits are widely available in the
market and possess various medicinal proper-
ties, especially oranges found mainly in tropi-
cal and subtropical regions (4,5). These fruits
are rich in several vitamins like A, B complex,

agents (7,8). Each part of citrus fruits contains
several bioactive substances, which are ob-
tained from the fruit's peel, pulp, and juice and
have been used by the pharmaceutical industry
(6).

C. Sinensis, commonly known as sweet
Orange, contains coumarins, peptides, flavo-
noids, carbamates, steroids, other chemical
compounds, and various nutritional elements
(9,20). Then the other common citrus fruits
like C.limetta (Mosambi) and C. Limon
(lemon) are also proven to have quite a good
amount of antibacterial components like
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pectin, flavonoids, essential oil, polymethox-
ylated flavones, etc. (11,12). Several studies
had been conducted earlier to assess and eval-
uate the antimicrobial effects of citrus fruit ex-
tracts. They have concluded that citrus fruits
possess significant antibacterial actions
against numerous microbes such as S. aureus
and epidermidis, P. aeruginosa, E. coli, and K.
pneumonia (7,8). Another study has con-
cluded that C. limetta has antibacterial effi-
cacy against P. aeruginosa, E. coli, and S. au-
reus (13).

Oral health is a fundamental component
of general health and well-being. The pres-
ence of oral diseases like pain, infection, den-
tal caries, mouth ulcer, periodontitis, and oral
carcinoma can significantly influence general
health. Out of all the dental problems, the most
commonly occurring infectious and painful
oral disease is dental caries affecting globally.
S. mutans is responsible for initiating dental
caries, while lactobacilli help in the progres-
sion of the carious lesion (14). So, in the cur-
rent study, the test bacteria were S. mutans and
L. acidophilus. Fluoride application and anti-
microbial mouthwash use are effective pre-
ventive measures for dental caries. However,
regular use of these antibacterial chemical
compounds leads to various side effects. E.g.,
continuous use of CHX mouthwash can cause
staining of teeth and increase the resistance of
micro-organisms. Hence, there is a need to de-
velop an effective formulation from natural or
plant extracts with lesser adverse effects and
costs that work as effective alternatives to
commercial products. No previous studies
have evaluated and compared the antimicro-
bial efficacy of citrus fruits' components
(pulp, peel, and juice) against these dental car-
ies-causing organisms.

Hence, the present study was conducted
to evaluate and compare the antimicrobial ef-
ficacy of citrus pulp, peel, and juice extracts
with that of CHX against S. mutans and L. ac-
idophilus and to estimate the ZOI, MBC, and
MIC of these extracts so that it can be added
to the different formulation for the treatment
of dental caries.

METHODS

The instruments which were used for con-
ducting the current study were an autoclave
(Relitech, India), petri dish (Tarson, India),
micropipette  (Tarson, India), incubator
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(Universal, India), hot air woven (Universal,
India), centrifuge (Remi, India), filter papers
(Whitman no.1, Tarson, India), Laminar Air
Flow (Yorco horizontal cabinet, India) and
96-welled (12x8) microtiter plate (Tarson, In-
dia).

The chemicals employed in the current
investigation are methanol (Merck, India),
DMSO (Dimethyl sulfoxide), triphenyl te-
trazolium chloride (TTC), Mayer's reagent
(Sigma, India), and Dragendorff reagent
(Sigma, India). This study uses cultural medi-
ums such as Mueller Hinton Broth and Nutri-
ent Agar (HI media).

Collection of bacteria

The test bacteria used in this trial were
collected from the Central Research Labora-
tory of the institution. Two micro-organisms,
i.e., S. mutans and L. acidophilus, were exam-
ined against pulp, peel, and juice extracts of C.
Sinensis, C. Limon, and C. limetta for measur-
ing ZOIl, MBC, and MIC.

Collection and identification of fruit samples

Three different citrus fruits, i.e., C. Sinen-
sis (sweet Orange), C. Limon (lemon), and C.
limetta (mosambi), were collected from the lo-
cal market in Bhubaneswar city, Odisha. After
being washed with distilled water, the peels of
these fruits were removed (15). A juice extrac-
tor extracted the juice, and the pulps were col-
lected. The pulp and the peel were dried in
shadow at room temperature for 7 days. A
sterilized mixture grinder is used to convert
this dried pulp and peel into fine powder. 5 g
of powdered peel and pulp sample and 50 ml
of juice were dissolved in an aliquot of 100 ml
of methanol and incubated at 4°C for a week
with stirring. For each fruit sample, the same
steps were repeated. Using sterilized What-
man No.1 filter paper, these extracts were fil-
tered and stored in the sterilized container and
refrigerated at 4 °c (16,17).

Bacterial Strains

S. mutans (MTCC 497) and L. acidophi-
lus (MTCC-10307) were obtained from Mi-
crobial type culture collection and gene bank,
IMTECH, Chandigarh, India. Two bacteria
recognized as pathogens of dental caries were
the micro-organisms chosen for testing in the
current investigation. These strains were pro-
cured from S. mutans, a gram-positive, facul-
tatively anaerobic coccus typically found in
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human oral cavities and plays a substantial
role in tooth decay. It helps in caries initiation
(18). L. acidophilus is a rod-shaped, gram-
positive anaerobic microbe that advances a
carious lesion that already exists (14).

Agar-well diffusion method for antibacterial
assays of fruit extracts

With the help of the agar-well diffusion
method, the antibacterial action of methanol
extracts of pulp, peels, and juice extracts of
collected fruits was estimated (18,19). Metha-
nol was selected as the solvent for extraction
based on a literature survey which suggested
it was the best solvent and had the maximum
extraction yield value (20,21). Both the iden-
tified bacterial strains monitored the extracts'
antibacterial effects. Agar plates having 6mm
thickness of agar were punched fully, bacterial
colonies were made to appear on a petri dish,
and after 30 mins, 6-8 wells were created. 50
pl molten Nutrient agar was used to line each
well. 30 mg/mL solvent-extracts of the fruit
were diluted by adding 10% (Dimethyl sulfox-
ide) DMSO solution to produce 100 pl ali-
quots to fill each agar well. The agar plates
were incubated at 37°C for 18-24 hours. To
evaluate the antibacterial activity, the mean
ZOl was measured. Two agar plates were used
for the experiment of every methanol extract
of fruits, and the procedure was repeated three
times. An aliquot of 100 pl of 2% CHX is con-
sidered the positive control, while 10%
DMSO solution was the reference control.
The 10% DMSO solution showed no activity.

Estimation of MIC (Minimum Inhibitory
Concentration)

MICs are the lowest antimicrobial con-
centration that will inhibit a micro-organism's
visible growth after overnight incubation (22).
MIC of active pulp, peel, and juice extract pre-
pared with methanol was estimated by diluting
each fruit extract with 10% DMSO solution to
attain concentrations of 0, 1.562, 3.125, 6.25,
12.5, 25, 50, 75, 100, 125, 150 and 200 mg
fruit-extract/ml. A 96-well (12x8) microtiter
plate was used to determine MICs. To each
well on this plate, 80 pl of every dilution of
fruit extract was added, which was then inoc-
ulated with 20 pl bacterial inoculum (109
CFU/ml) and mixed with 5 pl-aliquot of 0.5%
Triphenyl tetrazolium chloride (TTC) and 100
pl MH broth (HI Media). Following this, each
micro-titer plate was incubated for 18 hours at
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37°C. The appearance of pink with the addi-
tion of TTC into a well was recorded as an in-
dicator of bacterial growth. The MIC value
was recorded where no color change was ob-
served, which meant no bacterial growth.

Estimation of MBC (Minimum Bactericidal
Concentration)

At each level of dilution, bacteria were
subcultured from the well of the microtiter
plate, and the level at which no bacterial
growth was recorded was considered the MBC
value for the extract (15). This process was re-
peated twice, and the readings recorded for the
2" time were considered.

Qualitative phytochemical analysis

The presence of different phytochemical
agents was estimated by conducting a chemi-
cal test on every fruit extract. For testing the
presence of reducing sugars aliquot of 2 ml of
the pulp, peel, and juice extract in a test tube
was added with equal volumes of Fehling's so-
lutions I and 1l (5ml) and for 2 minutes heated
in a water bath. A precipitate of brick-red
color between the aqueous extract and Fehling
solutions I and I1 indicated the presence of re-
ducing sugars (13). For saponins, a mass of 0.5
g of the pulp, peel, and juice extract was dis-
solved in distilled water to get an aliquot of 10
ml which was agitated for 30 seconds and al-
lowed to rest for 45 minutes—frothing when
warmed confirmed saponins being present.
For flavonoids, a ferric chloride solution of
10% was mixed with 0.5 ml of the dissolved
pulp, peel, and juice extract. The appearance
of blue-green color confirmed that flavonoids
were present. Similarly, for testing the pres-
ence of tannins, the water of 5ml was added to
0.5 g of the pulp, peel, and juice extract. Then
10% ferric chloride solution was added to this
mixture. A blue-black, green, or blue-green
precipitate confirmed tannins' presence (13).
To know the presence of steroids/terpenes, a
mass of 500 mg of the concentrated mass of
pulp, peel, and juice extract was added to 2 ml
of acetic anhydride and got dissolved. Then 12
N sulfuric acid (H2SO4) was added to this mix-
ture. After this, cooling of the mixture was
done at 0 to 4°C. A change in the color of the
solution from violet to blue-green color con-
firmed the presence of a steroidal nucleus. In
the case of alkaloids, a mass of 0.5 g of pulp,
peel, and squeezed juice was stirred with an
aliquot of 5 ml 1% HCI in a steam bath. Then
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the filtration of this mixture was done. Mayer's
reagent and Dragendorff reagent was added to
this 1ml of the filtrate. The turbidity in the
tubes indicated that alkaloids were present in
the extract (23). An aliquot of 2 ml of glacial
acetic acid (1.048 g/mL) and a drop of 1%
FeCls solution was added to the 5 ml pulp,
peel, and juice extract to test the presence of
glycosides, and mixing was done thoroughly.
Iml of sulfuric acid like 12N H;SO4 was
mixed with this mixture. The formation of a
brown ring at the interface confirmed that gly-
cosides were present. All these tests were re-
peated for confirmation (23).

Statistical analysis

Data was entered through a personal com-
puter, and statistical analysis was performed
using SPSS version 20 (IBM, Chicago, USA).
The zone of inhibition was expressed in mean
and standard deviation (SD). A comparison
between the mean ZOI of three citrus fruit ex-
tracts with CHX was made with an independ-
ent t-test. The confidence interval is 95%, and
a p-value <0.05 was considered statistically
significant.
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RESULTS

The mean diameter of ZOl of methanol
extracts of three citrus fruits, i.e., C. Sinensis,
C. Limon and C. limetta, and CHX, are men-
tioned (table 1). Based on the results of the
current study among all the fruit extracts, C.
limetta (juice) showed the highest mean ZOI
(11.80+0.49) against S. mutans followed by C.
Sinensis (peel) (11.53+0.86) and lowest mean
ZOl was shown by C. Limon (peel)
(6.98+0.13). However, the positive control
CHX exhibited the highest mean ZOI
(11.98+0.09) against S. mutans compared to
all other fruit extracts (table 1). DMSO (nega-
tive control) could not inhibit the growth of S.
mutans.

In the case of L. acidophilus, C. Sinensis
(peel) showed the highest mean ZOI
(14.63+£0.57) even in comparison to CHX
(13.95+0.08) followed by C. limetta (juice)
(14.03£0.10) and the lowest mean ZOIl was
shown by C. Limon (peel) (6.98+0.13). Again,
DMSO showed no activity against L. acidoph-
ilus (table 1).

Table (1): Mean diameter of inhibition zone in mm (SD) against S. mutans and L. acidophilus.

Group Material S. mutans (Mean%SD) L. acidophilus (Mean+SD)
Pulp C. sinensis 8.59+0.81mm" 12.05+0.13 mm”
C. limon 8.03+0.10 mm” 9.80+0.41mm”
C. limetta 10.93+0.15 mm” 11.98+0.17 mm”
Peel C. sinensis 11.53+0.86 mm 14.63+0.57 mm*
C. limon 6.98+0.13 mm” 11.05+0.20 mm”
C. limetta 9.81+0.41 mm” 13.96+0.10 mm
Juice C. sinensis 11.48+0.66 mm 13.98+0.17 mm
C. limon 7.95+0.13 mm” 9.81+0.43 mm”
C. limetta 11.80+0.49 mm 14.03+0.10 mm
CHX 11.98+0.09 mm 13.95 +0.08 mm
DMSO No activity No activity

SD: Standard deviation, CHX: Chlorhexidine, DMSO: Dimethyl sulfoxide.

*In comparison to CHX (p=0.001).
# In comparison to CHX (p=0.016).

Multiple independent t-tests were em-
ployed to compare the antimicrobial efficacy
of each of the fruit extracts with CHX. CHX
exhibited significantly higher ZOl in compar-
ison to all other extracts (p<0.05) except for C.
Sinensis (peel), C. Sinensis (juice), and C.
limetta (juice) (p>0.05) against S. mutans. In
the case of L. acidophilus, C. Sinensis (peel)
showed significantly higher mean ZOI
(p<0.05) as compared to CHX.

Palestinian Medical and Pharmaceutical Journal (PMPJ). 2023; 8(3): 263-272

According to MIC and MBC values (table
2) in this study, out of all the fruit extracts,
only C. limetta (peel) was comparable to CHX
at MIC: 25 mg/mL, MBC: 50 mg/mL against
S. mutans and the highest concentration was
shown by C. Limon (peel, juice) (MIC: 50
mg/mL, MBC: 125 mg/mL). Against L. aci-
dophilus, all the extracts except C. Limon
were comparable to that of CHX at MIC: 25
mg/mL and MBC: 50 mg/mL.
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Table (2): MICs and MBCs of C. Sinensis, C. Limon, and C. limetta extracts on S. mutans and L.

acidophilus.
Extracts MIC and MBC values (mg/mL)
. . . . . s 2% CHX (Pos-
C.sinensis pulp | C. sinensis peel C. sinensis juice .
itive control)
S. mutans MIC | MBC MIC MBC MIC MBC MIC | MBC
50 100 25 75 50 75
C. Limon pulp C. Limon peel C. Limon juice 5 50
MIC | MBC MIC MBC MIC MBC
25 75 50 125 50 125
C. limetta pulp C. limetta peel C. limetta juice
MIC | MBC MIC MBC MIC MBC
25 75 25 50 25 75
- - - - 5 -
L. acidophi C. Sinensis C. Sinensis peel C. Sinensis juice 2./9 CHX (Pos
lus pulp itive control)
MIC | MBC MIC MBC MIC MBC MIC | MBC
25 50 25 50 25 50
C. Limon pulp C. Limon peel C. Limon juice 5 0
MIC | MBC MIC MBC MIC MBC
25 50 50 100 25 100
C. limetta pulp C. limetta peel C. limetta juice
MIC | MBC MIC MBC MIC MBC
25 50 25 50 25 50

MIC: Minimum Inhibitory Concentration, MBC: Minimum Bactericidal Concentration, CHX: Chlorhexidine.

Comparatively, almost all the extracts

showed a greater mean diameter of ZOl
against L. acidophilus than S. mutans (Figure
1-3). Besides, compared to CHX, only C.
Sinensis (peel) extract has shown a signifi-
cantly greater mean diameter of ZOI against

s
2
o
N
2
<
i
=

L. acidophilus (Figure 2). Results of phyto-
chemical analysis (table 3) revealed that alka-
loid is found in all three citrus fruits' pulp,
peel, and juice extracts, followed by tannin,
which is absent only in C. Sinensis (juice)
whereas terpenoids were not found in a maxi-
mum of the extracts.

C. sinensis pulp C.limon pulp C.limetta pulp

W S.mutans

M L.acidophilus

Figure (1): Comparison of the mean diameter of ZOI of citrus fruit pulp extracts and CHX

against S. mutans and L. acidophilus.
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C. sinensis peel

S.mutans

C.limon peel

C.limetta peel

L.acidophilus

Figure (2): Comparison of the mean diameter of ZOI of citrus fruit peel extracts and CHX
against S. mutans and L. acidophilus.

MEAN ZOI (MM)

[ S TN S
o N B O

C. sinensis juice C.limon juice

S.mutans

C.limetta juice

L.acidophilus

Figure (3): Comparison of the mean diameter of ZOI of citrus fruit juice extracts and CHX
against S. mutans and L. acidophilus.

Table (3): Phytochemical screening of three citrus fruit extracts.

Alka- Glyco- Terpe- | Reducing | Sapo- . Flavo- | Ster-
. . . . Tannins . :
loids sides noids sugars nins noids | oids
C.sinen- + + + + - + + +
sis pulp
C;.smen- + + + } + + + -
sis peel
Q.s!n(_an- + ) ) } . . + -
sis juice
C.limon + + i + + + + +
pulp
C.limon + i + + - + - -
peel
C.limon + - - + + + + +
juice
C.limett + + + + + + + +
a pulp
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Alka- Glyco- Terpe- | Reducing | Sapo- . Flavo- | Ster-
. . . . Tannins . .
loids sides noids sugars nins noids | oids
C.limett + + i + + + i i
a peel
C._Ilmett + i i i i + + +
a juice
+ = Present, - = Absent.
DISCUSSION showed better antimicrobial activity than the

Out of all the oral health issues, dental
caries is considered to be the most commonly
occurring dental disease affecting people
worldwide to a great extent (24). The effec-
tiveness of different herbal and plant extracts
against different micro-organisms, including
oral pathogens, has already been demonstrated
in the literature. However, the effectiveness of
different citrus fruits' pulp, peel, and juice ex-
tracts against dental caries pathogens is yet to
be investigated. So, the current study was con-
ducted to assess and compare the effectiveness
of pulp, peel, and juice extracts of C. Sinensis,
C. Limon, and C. limetta against S. mutans and
L. acidophilus.

In the current study, the highest mean
ZOl against S. mutans among all the fruit ex-
tracts was shown by C. limetta (juice) fol-
lowed by C. limetta (peel) and lowest by C.
Limon (peel), which is not similar to the find-
ings of the study conducted by Shakya A et al.
who reported that C. limetta (peel) extracts
showed better ZOI against gram-positive bac-
teria than that of juice extracts (25). In the cur-
rent study, C. Limon (juice) showed better
ZOI than its peel extracts which are similar to
the findings of the study conducted by Shakya
A et al. (25). Saponins and flavonoids were
not found in the C. Limon (peel) extracts
which were present in juice extracts. Because
of this, C. Limon (juice) showed better ZOI
than peel extracts. Shetty et al. revealed that
ethanolic extracts of C. Sinensis (peel) showed
mean ZOI within the range of 8 mm to 13 mm
at all concentrations against S. mutans and
Lactobacillus, which is nearer to the findings
of the present study (18). Goudarzi et al. con-
cluded that C. Limon (peel) extracts showed
good antibacterial properties against S. mutans
with mean ZOI of 28 mm and MIC and MBC
within the range of 6.25 mg/mL to 25 mg/mL,
which contradicts the findings of the current
study (26). This may be due to the use of eth-
anol extract in the previous study, which

methanol extract used in the current study.
Tawfik et al. used three different citrus fruit
juice, i.e., C. Limon, C. Aurantium, and C.
paradise, to examine the antimicrobial effi-
cacy of these fruit juice against gram-positive
micro-organisms like S. aureus, P. Vulgaris
and P. aeruginosa and concluded that these
fruit juices have a strong antibacterial effect
against these pathogens (27).

Hasan et al. performed a study to assess
the antimicrobial activity of citrus fruits such
as citron (C. medica), satkora (C. macrop-
tera), and adajamir (C. assamensis) against
Bacillus spp. and E. coli and found that C.
macroptera showed highest ZOI 2.2 cm
against Bacillus spp. and 2.6 cm against E. coli
whereas C. assamensis showed lowest ZOI
1.7 cm against Bacillus spp. and 2.1 cm
against E. coli (28). Both fresh and dried C.
Sinensis peel extracts were examined in a
study conducted in Nigeria for their phenolic
content and antibacterial activity. According
to the study's findings, fresh C. sinensis peel
extract has higher phenolic content and more
potent antibacterial properties against the
strains of bacteria under study than dry peel
extract. The study's conclusions suggest that
drying plant parts before extracting their phy-
tonutrients may result in the loss of active
components (29). Similar to this, the phyto-
chemical examination of C. Sinensis, C. retic-
ulata, C. limetta, and C. maxima peel extracts
revealed the presence of flavonoids, saponins,
steroids, terpenoids, alkaloids, and tannins,
and they were effective against Salmonella
typhi, Staphylococcus aureus, Bacillus sub-
tilis, and E. coli. Both studies corroborated our
study, which had similar results (30).

Upadhyay and Shah compared the antimi-
crobial efficacy of C. Sinensis (peel) extract
with CHX against some periodontal micro-or-
ganisms. They found that against P. gingi-
valis, the MIC and MBC value was 50 mg/mL,
while against A. actinomycetemcomitans and
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P. intermedia, it was 100 mg/mL. MIC and
MBC value of CHX for P. gingivalis was
within the range of 0.2 ug/mL to 1.6 ug/mL,
while for A. actinomycetemcomitans and P.
intermedia, MIC and MBC value was 12.5
mg/mL (31). These findings agree with the
present study's findings that though the citrus
fruit extracts possess antibacterial activity, in
comparison to CHX, they possess low anti-
bacterial activity for which they can be used
as an adjunct to CHX for the treatment against
periodontal pathogens. Even Hussain et al.
suggested that hot ethanolic extracts of C.
Sinensis (peel) showed MIC within the range
of 12-15 mg/mL against periodontal patho-
gens, similar to the current study's findings
(23).

Mishra RP et al. evaluated the antimicro-
bial efficacy of peel, seed, juice, and pomace
extract of C. limetta (Mosambi) against P. ae-
ruginosa, E. coli, and S. aureus. They demon-
strated that peel and juice extracts were more
effective against these pathogens than seed
and pomace extracts (13). C. limetta showed
the lowest MIC (juice), i.e.,, 22.85 mg/mL
against S. aureus, and the maximum was
shown by pomace column extract, i.e., 42.42
mg/mL against E. coli, but no MIC was seen
in seeds. Pandey et al. found that methanol ex-
tracts prepared from the juice of C. Limon
showed better ZOI against P. aeruginosa than
seed and peeled extracts (32). According to a
study done by Denkova-Kostova et al. on
evaluating the antimicrobial activity of tange-
rine (Citrus reticulata L.), grapefruit (Citrus
paradisi L.), lemon (Citrus lemon L.) and cin-
namon (Cinnamomum zeylanicum Blume) es-
sential oils against saprophytic and pathogenic
micro-organisms found that cinnamon oil
demonstrated the highest antimicrobial activ-
ity, followed by grapefruit, tangerine and
lemon zest oil with MIC ranging from 6 to 60

ppm (33).
CONCLUSION

The current study revealed that all the ex-
tracts of citrus fruits, i.e., pulp, peel, and juice
have antibacterial activity against both micro-
organisms. However, they are more effective
against L. acidophilus. Besides this, among all
the extracts, C. Sinensis (peel) showed a sig-
nificantly higher mean diameter of ZOlI
against L. acidophilus than CHX. Further in-
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vivo trials could be conducted to assess the an-
timicrobial efficacy of these fruit extracts in
the oral cavity. Studies can be conducted using
different concentrations of the extracts so that
the correct dosage of the extract can be deter-
mined, which can be added to the different for-
mulations to work effectively. Moreover, var-
ious clinical trials should be performed using
different natural extracts, which can act as an
alternative to commercial antimicrobials,
thereby reducing cost and side effects. In all
cases, clinical trials should be performed be-
fore using these plants in human therapy.
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