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Abstract
Citrus limon (Lemon) belongs to Family Rutaceae, is commonly known as Kagdi Limbu or Lime. The peel is a leathery exocarp, or skin of the
fruit containing numerous oil glands. Lime peel tea was traditionally used as an appetite stimulant, for cold and cough, for sore throat and as a
digestive stimulant. It can also be used as an astringent for skin. Lime peel essential oil is use as an aroma and flavour enhancer. The goal of this
study was to determine the phytochemical analyses of endophytes isolated from several parts of the citrus limon plant, including the leaf, steam,
root, seed, and peel. The presence of various phytochemical compounds was determined through qualitative analysis. This study will provide
referential information for the correct identification of the bioactive compounds and suitable solvent system for separation of those compounds
from the isolates of Citrus limon. The quantitative analysis of the phytochemical compounds allows, by using standard analytical technique, the
determination of chemical groups, or compounds in aqueous extracts from different plants. For the determination of the antioxidant activity of
the isolate is detected by DPPH, and FRAP method. DPPH gave the idea about % scavenging activity of the isolate.
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Introduction
The rhizosphere and phyllosphere bacteria of Citrus limon, a
common evergreen fruit crop, have been examined. Citrus is one
of the most important fruit crops on the planet, with significant
economic, social, and cultural implications in our community.
By employing plants as a natural source, it would be possible
to synthesize bioactive compounds that cannot be produced
through chemical reactions. Interactions between plants and
endophytic bacteria must be explored in order to comprehend
the ecological and environmental implications of this symbiotic
relationship. The antioxidant area is rapidly expanding, owing
to the fact that oxidative stress is linked to the onset of a wide
range of diseases, including diabetes, cancer, and numerous
aging-related and central nervous system ailments. Various free
radicals are generated during rigorous oxidative reactions, which
can be significant precursors of systemic cell and tissue damage.
Antioxidants operate as oxidation inhibitors, eliminating free
radical intermediates such as Reactive Oxygen Species (ROS)
and Reactive Nitrogen Species (RNS) and oxidizing themselves
to protect the organism from free radicals and hazardous chain
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reactions. Despite their low concentration, they can perform a
variety of physiological tasks in the body to prevent the dangerous
oxidation reaction. Antioxidant is not a new phrase; herbal plants
have been considered good antioxidants since ancient times.
Tocopherol, ascorbic acid, and flavonoids are the most well
investigated antioxidants in medicine and pharmacology due to
their anticancer, antimutagenic, and antitumor properties. UV
filtration, symbiotic nitrogen fixation, and flower coloring are
all aided by flavonoids in higher plants. Chemical messengers,
physiological regulators, and cell cycle inhibitors are all possible
functions of these molecules. Saponins can protect plants from
bacteria and fungus by acting as anti-feedants. Tannins defend
plants from predators, and they may also act as insecticides
and regulate plant growth. Alkaloids have a wide range of
pharmacological activities including antimalarial (e.g. quinine),
antiasthma (e.g. ephedrine), anticancer (e.g. homoharringtonine),
cholinomimetic (e.g. galantamine), vasodilatory (e.g. vincamine),
antiarrhythmic (e.g. quinidine), analgesic (e.g. morphine),
antibacterial (e.g. chelerythrine) and antihyperglycemic activities
(e.g. piperine).
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Materials and Methods

Chromatography for Alkaloids

Isolation and characterization of endophytic bacteria

The solvent system used for the Alkaloids is Chloroform:
ethanol in the ratio of 9: 1. The detection of sheets were carried
out under UV light. Rf value is counted for both standard and
unknown eight samples. In addition, the value of unknown
samples was compared with the standard solution.

Endophytic bacteria were recovered from the leaves, stems,
roots, and seeds of Citrus limon. Eight isolates were described
using morphological and cultural characteristics. Gram staining
offered morphological information during a microscopic
examination. The visual analysis of colonies grown on Nutrient
agar media revealed cultural characteristics.

Extraction

After incubation, 100ml of fermentation broth of each culture
was taken in centrifuge tube and then broth was centrifuged
at 4℃ for 5 minutes at 10000 rpm by using cooling centrifuge.
Supernatant was discarded and cell pellets were resuspended
in 20ml prechilled methanol (solvent: broth ratio is 1:4). By
using vortex mixture, cell pellets were vortexed for 3 min. The
cell pellets were preserved in deep freezer at -20℃ until the
antioxidant test and amino acids estimation tests were performed.
All the standards for the test like phenols, Flavonoids, Alkaloids,
Saponins and Tannins were taken in the powder form belonging
to the sigma company HPLC brand.

Quantitative evaluation
Chromatography

by

TLC-

Thin

layer

Due to natural variability, chemical analysis of plant material
is a great challenge and requires special approaches. TLC was
performed with two different chromatographic systems. Thin
layers were prepared from microcrystalline cellulose and silica
gel G. standard solution and samples were spotted on precoated
plates. Silica plates act as stationary phase. The standard and
unknown solution moves along with the solvent system. Here
eight isolates were taken as an unknown sample, which is isolated
from the citrus limon plant. The illumination with UV light causes
fluorescence and makes the spots visible. The Rf value is counted
for both standard and unknown solution. In addition, the value of
unknown sample was compared with the standard solution.

Phenolic compounds

The solvent system used for phenolic compounds is Ethyl
acetate: Toluene: Formic acid in ratio of 2.2: 1.1: 1.1. The detection
reagent use for the detection of phenolic compounds is Ferric
chloride (FeCl3). After using the detection reagent, the spots were
examined under the UV light because some of the components
can’t be seen with visible light and need to be projected by
ultraviolet light.

Flavonoids

The solvent system used for the Flavonoids is Toluene:
acetone: ethyl acetate in the ratio of 4.5: 4.5: 1. The detection of
sheets were carried out under UV light. Rf value is counted for
both standard and unknown eight samples. And the value of
unknown samples was compared with the standard solution.
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Saponins

The solvent system used for the Saponins is Chloroform:
methanol: water in the ratio of 65: 35: 10. The detection of sheets
were carried out by using 10% H2SO4. Rf value is counted for both
standard and unknown eight samples. And the value of unknown
samples was compared with the standard solution.

Tannins

The solvent system used for the Tannins is Toluene: Acetone:
Formic acid in the ratio of 60: 60: 10. The detection of sheets were
carried out under UV light. Rf value is counted for both standard
and unknown eight samples. In addition, the value of unknown
samples was compared with the standard solution.

Qualitative Evaluation

The presence of specific bioactive components in plants
confers therapeutic efficacy. Both qualitative and quantitative
analyses are used in phytochemical analysis. While qualitative
analysis is concerned with the presence or lack of a phytochemical.
Different qualitative phytochemical investigations are known that
allow the determination of chemical groups or compounds in
aqueous extracts from various plants using standard analytical
techniques.

Phenols: To determine the presence of phenol phytochemicals,
1 mL of extract was mixed with 2 mL of distilled water in a test
tube, followed by a few drops of 10% ferric chloride (FeCl3). The
presence of phenols is indicated by the presence of a blue or green
colour. The extract (50mg) is mixed in distilled water, then 3ml of
a 10% lead acetate solution is added to the mixture. The presence
of phenolic chemicals is indicated by a bulky white precipitate
(Rathod Zalak R. et al., 2021).
Flavonoids: 1 ml of extract and a few drops of dilute NaOH
were added. The intense yellow colour produced in the plant
extract which becomes colourless on addition of few drops of
dilute mineral acid indicated the presence of flavonoids (Rathod
Zalak R. et al., 2021).

Alkaloids: A few drops of Mayer’s reagent are added to
solvent-free extracts to detect the presence of alkaloids. In the
presence of Mayer’s reagent, alkaloids solution generates a creamcolored precipitate. 50mg solvent free extract is mixed with a few
ml of dilute HCl and filtered, then 1 or 2 ml of Hager’s reagent is
added to the filtrate. The presence of alkaloids is indicated by a
bright yellow precipitate (Rathod Zalak R. et al., 2021).
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Saponins: To determine the presence of saponin
phytochemicals in various extracts, the extract was diluted with
20 mL distilled water and agitated for 15 minutes in a graduated
cylinder. The presence of saponin is indicated by the creation of a
1cm layer of foam (Rathod Zalak R. et al., 2021).

Tannins: 1 ml of 5 percent ferric chloride added to solvent free
extract in a test tube to check for tannin phytochemical content.
The production of a bluish black or greenish black precipitate
indicates the presence of tannin (Rathod Zalak R. et al., 2021).

Determination of Total phenolic content

Using the Folin-Ciocalteu method (Ahmed, Howladar,
Mohamed, & Al-Robai, 2016; McDonald, Prenzler, Antolovich, &
Robards, 2001), the total polyphenol content in the extracts was
calculated. 5 ml Folin–Ciocalteu reagent, 4 ml sodium carbonate
(75 g/l), and 4.9 ml distilled water were added to a 1 ml sample.
After that, the mixture was incubated at room temperature for 90
minutes. Total polyphenol content was measured at 765 nm. Gallic
acid was used as standard (Van Tan, et al., 2018).

Determine total Flavonoid content

The method was used to determine flavonoid content.
Flavonoid will be a yellow complex formulation with AlCl3
solution in the samples. The amount of flavonoid content is
directly related to the color intensity. The solution’s absorbance
was measured at 510 nm wavelength, allowing the calibration
curve and regression equation between quercetin content and
absorbance to be established (Shoib A. Baba et al., 2014).

Determination of Total Alkaloid content

Measured out aliquots of the caffeine standard solution and
place them in separate separatory funnels. Then, add 5 ml pH 4.7
phosphate buffers and 5 ml BCG solution to a combination of 1, 2,
3, and 4 ml chloroform and shake well. The extracts were collected
in a 10-ml volumetric flask and diluted to achieve the desired
concentration using chloroform as a solvent The complex’s
absorbance in chloroform was measured at 470 nm against a
blank made in the same way but without caffeine (Manjunath
Ajanal et al., 2012).

Determination of Total Saponin content

In separate test tubes, ginsenoside Rb1 (2.0 g) was dissolved
in 10 mL ethanol and serial dilutions of 0.2, 0.6, 1.0, 1.4, 1.8, 2.2,
and 2.6 were made. These concentrations were evaporated to
dryness and 5% w/v of 2.0 mL vanillin-acetic acid and 0.8 mL
of perchloric acid were added to each test tube. Each test tube’s
mixture was heated to 70°C for 15 minutes and then cooled for
20 seconds in an ice bath. After that, each test tube received 5
mL of glacial acetic acid. A UV spectrophotometer was used to
measure the absorbance of each dilution at a wavelength of 550
nm. The absorbance data was utilised to create an absorbance vs.
concentration graph (Theresa Edewor et al., 2016).
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Determination of Total Tannins content
Folin-Ciocalteu was used to determine the tannins. A
volumetric flask (10 ml) was filled with 0.1 ml of the sample
extract, 7.5 ml of distilled water, 0.5 ml of Folin Ciocalteu phenol
reagent, 1 ml of 35% sodium carbonate solution, and 10 ml of
distilled water. The solution was thoroughly mixed before being
stored at room temperature for 30 minutes. The same procedure
was used to generate a set of tannic acid standard solutions (20,
40, 60, 80, 100 g/ ml). An UV/ Visible spectrophotometer was
used to measure the absorbance of test and standard solutions
against a blank at 700 nm (Kavitha Chandran et al.,2016).

Antioxidant activity by DPPH and FRAP method

DPPH method was developed by Blois (1958) by taking it in
mind to determine the antioxidant activity by using a stable free
radical α, α-diphenyl-β-picrylhydrazyl (DPPH). DPPH is stable free
radical that display maximum absorbance at 517nm. When DPPH
radicals come across proton (hydrogen) donating substrate such
as antioxidant, free radical should be scavenged and absorbance
would be reduced. The decreased in the absorbance is taken
as measure for “Radical Scavenging action”. After 30 minutes
of incubation, free radical scavenging property with sample is
compared with Ascorbic acid as control. 95% scavenging activity
of 0.02mg DPPH was achieved by 1mg/ml Ascorbic acid. Generally,
50µl of sample extract in methanol is mixed with 100µl of DPPH
solution and 850µl methanol, by making final volume 1ml.
Methanol is used as blank and distilled water + DPPH solution is
used as control (Ktima SIRIVIBULKOVIT et al., 2018). Percentage
DPPH radical scavenging activity (% DRSA) was calculated by the
following equation,
(%DRSA) = {(Ao–A1)/Ao} × 100

Ferric reducing Ability of Plasma (FRAP) assay is based
on the principle of reduction of ferric tripyridyl triazine (Fe3+TPTZ) complex to ferrous tripyridyl triazine (Fe2+- TPTZ) by the
antioxidants of the sample at low pH. At absorption maximum
593 nm end product, Fe2+-TPTZ gives blue color and the change
in absorbance is related to the antioxidant capacity of the plasma
(Benzie IF et al., 1996).

Result and Discussion

Isolation and characterization
The endophytes isolated from various sections of the citrus
limon plant, including the leaf, steam, root, seed, and peel, were
analysed for phytochemicals. Eight isolates of Citrus limon were
identified and morphologically described using microscopic
inspection and the gram staining technique which can be observed
in Table 1.

Colony characterization of isolates

Phytochemicals were extracted from endophytes isolated
from several parts of the Citrus limon plant, including the leaf,
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steam, root, seed, and peel. Eight isolates of Citrus limon were
described by colony characteristics on Nutrient agar plate which

can be observed in Table 2.

Table 1: Results of morphological characteristics.
No.

Isolate code

Morphological characteristics

Microscopic slide

Size

Shape

Arrangement

Gram’s reaction

1

A14L

Big

Cocci

Pair & Cluster

Gram positive

2

A14P

Big

Bacilli

Chain

Gram positive

3

A14E

Big

Bacilli

Chain

Gram positive

4

A14D

Small

Cocci

Cluster

Gram positive

5

A14R

Big

Cocci

Cluster

Gram positive

6

A14O

Small

Cocci

Cluster

Gram positive

7

A14Sc

Small

Cocci

Single & cluster

Gram negative

8

A14Sa

Small

Bacilli

Single & pair

Gram positive
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Table 2: Result of colony characterization of isolates.
No.

Isolates

Size

Shape

Margin

Elevation

Texture

Opacity

Pigmentation

1

A14L

Medium

Round

Regular

Raised

Smooth

Opaque

Orange

A14E

Small

Round

Irregular

Flat

Smooth

Opaque

-

Round

Regular

2

A14P

3
4
5

Big

A14D

Medium

A14O

Medium

A14Sa

Medium

A14R

6
7

Round

Small

A14Sc

8

Round

Big

Irregular

Raised

Gummy

Flat

Smooth

Flat

Irregular

Raised

Gummy

Round

Irregular

Flat

Smooth

Regular

In the chromatogram shown in Figures 1-5, eight isolated
and extracted sample fractions were detected in the TLC sheet,
and the eluted species were labelled A14L, A14P, A14E, A14D, A14R,
A14O, A14Sc, and A14Sa. For each standard and sample, the Rf value
Table 3: Rf values for the standard Phytochemical and samples.

Opaque

Raised

-

Opaque

Smooth

Round
Round

TLC (Thin Layer Chromatography)

Regular

-

Opaque

Gummy

Yellow

Opaque

Orange

Opaque

-

Opaque

-

was calculated (Table 3). A14L, A14R, A14O, A14Sc and A14Sa did not
give any spot near to standard spot for the Alkaloid, Saponins and
Tannin. The Rf value of the sample was then compared to standard
Phenol, Flavonoid, Alkaloid, Saponins and Tannin which can be
observed in Table 3 & Figure 1-5.

Phyto-chemical

Standard

A14L

A14P

A14E

A14D

A14R

A14O

A14Sc

A14Sa

Phenol

0.805

0.805

0.791

0.82

0.805

0.835

0.82

0.82

0.835

0.84

-

0.825

0.83

0.83

-

-

-

Flavonoid
Alkaloid
Saponins
Tannins

0.515
0.939
0.559

0.507
-

0.515

0.523

0.956

0.956

0.576

0.573

0.523
0.956
0.576

0.476

0.461

0.476

-

-

-

-

-

-

0.492
-

Figure 1: Observation of TLC sheet for Phenolic compound.
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Figure 2: Observation of TLC sheet Flavonoids.

Figure 3: Observation of TLC sheet for Alkaloid.

Figure 4: Observation of TLC sheet for Saponins.
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Figure 5: Observation of TLC sheet for Tannins.

Rf value is calculated as, Rf value = Distance travelled by
solute/Distance travelled by solvent

Qualitative analysis of phytochemical

The qualitative tests were performed for all the endophytic
bacterial isolates. All of the endophytic bacterial isolates were
subjected to qualitative analysis of Phytochemical. All of the
Table 4: Results of qualitative analysis of phytochemical.

isolates gave positive results for the test of Phenol, Flavonoids
where A14P, A14E and A14D gave positive results for the test of
Alkaloid, Saponins and Tannins. A14P, A14E and A14D gave better
growth with positive results for the test of Phenol, Tannins
compared to other isolates. A14R, A14O, A14Sc and A14Sa gave
negative result for the test of Alkaloid, Saponins and Tannins
which can be observed in Table 4.

Test

A14L

A14P

A14E

A14D

A14R

A14O

A14Sc

A14Sa

Phenol

+

+++

+++

+++

++

++

++

+

-

++

++

+++

-

-

-

+++

+++

Flavonoid
Alkaloid
Saponins
Tannins

+
-

++
++

+++

+++
+++

+

++

Key: +++= Excellent growth, ++= Better growth, +=Good growth, -= Negative growth

Quantitative analysis of phytochemical
Quantitative analysis of phytochemical performed for the
eight isolates. A14E gave the best results for the production of
all Phytochemical, like it produces 0.82mg/g phenol in highest
amount. On the contrary, A14L and A14Sa gave the least result for
tannins, A14R gave the least result of Flavonoid in the concentration
of 0.11mg/g, All the isolates gave the good results for the phenol.
Among the all isolates A14P, A14E, A14D gave the better result for
saponin other gave it in very minute concentration. The graph
for the all phytochemicals with their concentration(mg/g)
are mentioned, in the Graph 1 Alkaloid shows 102 times
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+
-

+
-

+

++

-

-

-

-

higher concentration where, Saponins shows 103 times higher
concentration.

Antioxidant activity by DPPH

For antioxidant activity, DPPH and FRAP tests were
performed. The eight isolates were tested for antioxidant activity
by DPPH, and FRAP method. Intensity of colour was measured
spectrophotometrically for DPPH at 517 nm. Ascorbic acid used
as standard for DPPH (Figures 6) (Graph 2). Antioxidant activity
by DPPH for A14E gave the highest scavenging activity 61.50%
whereas for A14Sa gave the least scavenging activity 33.70% which
can be observed in (Figure 6) (Graph 2).
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Graph 1: Result of quantitative analysis of phytochemical.

Graph 2: Antioxidant activity measured by DPPH method.

Figure 6: Results of Antioxidant activity by DPPH method.
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Graph 3: Antioxidant activity measured by FRAP method.

Antioxidant activity by FRAP
Intensity of color was measured spectrophotometrically for
FRAP method at 593 nm. Ferrous sulphate used as standard for
FRAP (Figure 7) (Graph 3). Increased absorbance of the reaction

mixture indicated increase reducing capacity. Antioxidant
activity by FRAP for A14D gave the highest concentration 6.39
µmol/L among the al isolates whereas for A14Sa gave the least
concentration 3.448 µmol/L which can be observed in Figure 7
and Graph 3.

Figure 7: Results of Antioxidant activity by FRAP method.

Conclusion
Citrus limon isolates from its leaf, root, seed and stem were
analysed for phytochemical contents appeared to have potential
as a source of beneficial medications as well as to improve
the health status of its users due to the presence of numerous
phytochemical substances that are essential for good health.
Macroscopy, microscopy, physio-chemical parameters, and TLC
fingerprinting provide the majority of information on the identity,
purity, and quality of the isolates (Rathod Zalak R. et al., 2021).
The qualitative analysis gave the positive results for the presence
of Phenols and Flavonoid in all the 8 isolates. Also, some of the
isolates also gave the results for the Alkaloid, saponin and Tannins.
By the quantification study the concentration of phytochemicals
present in the isolates is obtained. Phytochemical screening
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aids in the discovery of plant isolates constituents and the one
that predominates over the others, as well as the search for
bioactive compounds that can be employed in the development
of therapeutic medications. So it can be concluded the further
scale up of phytochemicals with endophytes the processes for
secondary metabolites may be a promising source of medicines.
As a result, isolates from these plants could be considered a
promising source of therapeutics. The traditional medicine
practice is recommended strongly for these plant as well as it is
suggested that further work should be carried out to purify, and
characterize the active constituent responsible for the activity
of these plants isolates. Also, additional work is encouraged to
elucidate the possible mechanism of action of these isolates (RNS
Yadav et al., 2011).
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