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Abstract

Citrus limon (Lemon) belongs to Family Rutaceae, is commonly known as Kagdi Limbu or Lime. The current examination was to 
decide the total alkaloid content in Citrus limon plant and its endophytes isolated of leaf, steam, root, seed and peel. The total alkaloid 
content (TAC) was assessed spectrophotometrically utilizing Bromocresol green strategy and HPLC with caffeine as standard. rich 
wellspring of alkaloids. Among the different parts examinations leaf extracts showed higher alkaloids. The total alkaloid content of 
different Endophytes isolated from whole Citrus limon plant with respect to extract of Citrus limon plant was well established by 
spectrophotometric and HPLC studies. The near assessment of all out alkaloid in the Endophytes was accomplished interestingly 
which can be utilized for additional synthetic and natural examinations and unrefined medication material in planning of home 
grown definition.
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Introduction
Natural meds are at present sought after and their notoriety is 

expanding step by step. In the medical care area, WHO suggests 
and energizes the utilization of customary spices or cures in light 
of the fact that enormous measure of crude material is effectively 
accessible. Plants are very complex in nature [1]. Plants have given 
humanity natural solutions for a few illnesses for a long time. In 
India home grown medications have been the bases of treatment 
and solution for different illnesses in customary techniques like 
Ayurveda, Unani and Sidha [2]. The restorative possibilities of 
plant and creature beginning rough medications are being utilized 

from the antiquated occasions by the straightforward cycle without 
the detachment of the unadulterated mixtures. The pharmacologi-
cal activity of unrefined medication is controlled by the idea of its 
constituents [3]. Accordingly, the plant species might be considered 
as a biosynthetic and for the substance intensifies model proteins, 
sugars, and fats that are used as food by the creatures and people, 
yet in addition for an immense number of mixtures including al-
kaloids, terpenoids, flavonoids, glycosides and so on which apply 
unmistakable physiological impacts. These substance compounds 
are generally liable for the ideal valuable properties [4]. Ordinary 
things eliminated from plants which have a spot with the Rutaceae 
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family are used in the treatment of various ailments all throughout 
the planet. One significant sort in this family is Citrus spp., with in 
excess of 600 species dispersed in tropical and subtropical areas. 
The presence of phytochemical compounds in the plants demon-
strates its therapeutic potential. The presence of alkaloids shows 
antimicrobial, anticancer, antiarrhythmic and pain-relieving action. 
Steroids goes about as flagging atoms and are significant against 
cardio tonic action [5].

Endophytes are microorganisms which live inside the plant tis-
sues with no indicative marks of their reality, and their relation-
ship with the host changes from a saprobe to an idle microbe or 
communalistic/mutualistic symbiont (Stone., et al. 2000). Endo-
phytes assume a basic part in fighting with the abiotic and biotic 
burdens experienced by the host plant separated from improving 
the development and yield (Rodriguez., et al. 2009). Over the range 
of their collaborations inside the plant structure, there is a huge 
load of compound correspondence happening which is intervened 
by an arrangement of sign molecules which have by and large re-
mained underexplored (Saikkonen., et al. 2010; Paramanantham., 
et al. 2019). 

Alkaloids are an assorted gathering of low-atomic weight, nitro-
gen containing intensifies found in about 20% of plant species. The 
strong natural action of certain alkaloids has additionally prompt-
ed their misuse as drugs, energizers, opiates, and toxic substances. 
Plant-determined alkaloids as of now in clinical use incorporate 
the analgesics morphine and codeine, the anticancer specialist's 
vinblastine and taxol, the gout suppressant colchicine, the muscle 
relaxant (C)- tubocurarine, the antiarrhythmic ajmaline, the anti-
infection sanguinarine, and the calming scopolamine. Other sig-
nificant alkaloids of plant birthplace incorporate caffeine, nicotine, 
cocaine, and the engineered O, O-acetylated morphine subordinate 
heroin [6].

Materials and Methods
The whole Citrus limon plant was collected from Department 

of Horticulture, AAU Anand, Gujarat, India. Citrus limon fruits and 
leaves were washed thoroughly under sterile distilled water sur-
face sterilization too [7]. Plant extraction done by steam distilla-
tion method using various solvent under souxlate unit. MSZLd and 
MSZLe bacterial Endophytes isolated from Leaf and MSZPse from 
seed of Citrus limon plant. Bacterial extraction collected by solvent-
solvent cold extraction method [7]. Root, stem and leaf Extraction 

of Citrus limon plant and Extraction of Endophytes were tested for 
alkaloid as phytochemicals having good source of secondary me-
tabolites. 

Reagents and chemicals 

All reagents and chemicals used for testing were analytical 
grade, SRL, Himedia and Sigma brand.

Instruments used

Electric microscope (Lawrence and Mayo), Laminar air flow 
(Bright), Soxhlet unit (SENTWIN), rotary vacuum evaporator (Nu-
tronics DTC201), Cooling centrifuge (Remi 421LAG), Refrigerator 
(Kelvinator Master cool Deluxe), Deep freezer (Blue star), Orbital 
shaker (Ssi) and Autoclave (EQUITRON), Spectrophotometer (Shi-
madzu UV-1800), HPLC (Shimadzu).

Determination of total alkaloids

• Extraction: The plant materials (100g) were ground and 
thereafter eliminated with methanol for 24 h in an inces-
sant extraction soxhlet instrument. Bacterial endophytes ex-
tract was collected by Chloroform- methanol cold extraction 
method (Ashraf A. Mostafa., et al. 2018). All extracts were 
separated and methanol and chloroform were dissipated 
on a rotating evaporator under vacuum at a temperature of 
60oC to dryness. A remaining material was disintegrated in 
2N HCl and afterward filtered out. One ml of this solution 
was moved to a separatory pipe and washed with 10 ml chlo-
roform (multiple times). The pH of this arrangement was ac-
climated to impartial with 0.1 N NaOH. At that point 5 ml of 
BCG arrangement and 5 ml of phosphate buffer were added 
to this arrangement. The combination was shaken and the 
complex shaped was separated with 1, 2, 3 and 4 ml chloro-
form by energetic shaking. The concentrates were gathered 
in a 10-ml volumetric flask and diluted to volume with chlo-
roform [6,8].

• Qualitative Analysis: 1ml of the concentrate was mixed 
with 5 ml of 1% fluid HCl on a steam shower and separated 
while hot. Refined water was added to the buildup and 1ml 
of the filtrate was treated with a couple of drops of either 
Mayer's reagent (Potassium mercuric iodide-arrangement) 
or Wagner's reagent (arrangement of iodine in Potassium 
iodide) or Dragendorff's reagent (arrangement of Potassi-
um bismuth iodide). The development of a cream tone with 
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Mayer's reagent and ruddy earthy colored encourage with 
Wagner's and Dragendorff's reagent give a positive test for 
alkaloids [5,9].

• Quantitative Analysis: Alkaloid assurance utilizing Har-
borne [10] strategy 5g of the example was weighed into a 
250 ml measuring cylinder and 200 ml of 10% acidic cor-
rosive in ethanol was added and covered and permitted to 
represent 4h. This was separated and the concentrate was 
focused on a water shower to one-fourth of the first volume. 
Concentrated ammonium hydroxide was added dropwise to 
the concentrate until the precipitation was finished. The en-
tire arrangement was permitted to settle and the hastened 
was gathered and washed with weaken ammonium hydrox-
ide and afterward sifted. The remain solution is the alkaloid, 
which was dried and weighed (Amin M., et al. 2016).

Solution preparation

Bromocresol green arrangement was set up by warming 69.8 
mg bromocresol green with 3 ml of 2N NaOH and 5 ml refined wa-
ter until totally broke down and the arrangement was weakened to 
1000 ml with distilled water. Phosphate support arrangement (pH 
4.7) was set up by changing the pH of 2 M sodium phosphate (71.6g 
Na2HPO4 in 1L refined water) to 4.7 with 0.2M citrus acid (42.02g 
citrus acid in 1L distilled water). Caffeine standard arrangement 
was made by dissolving 1mg extra pure atropine (Sigma Chemical, 
Bangalore) in 10 ml distilled water [6].

Purification and qualitative and quantitative analysis of alka-
loids by HPLC system

1gm of test put something aside for the present for extraction 
in HPLC grade methanol. These concentrates were sonicated for 20 
min in sonicator 20 μl from sonicated eliminates was adhered to 
0.45 mm procedure. Filtrate was used for HPLC assessment. Ab-
stract and quantitative HPLC examination of the model was per-
formed according to the method of Sarma., et al. (2002). The HPLC 
system and software package (Spectra research laboratory Shi-
madzu HPLC) was used. Chromatographic examination was com-
pleted utilizing a C-18 section at temperature: surrounding. Run-
ning conditions included: infusion volume 10 μl; portable stage: 
methanol: water (60:40), flow rate 0.500 ml/min; and detection 
at 273 nm. Tests were separated through an ultra-membrane filter 
(pore size 0.45 μm) preceding injection in the test [11].

Data analysis

Retention time and concentration of alkaloids was distin-
guished by utilizing HPLC programming (Spectra research labora-
tory - Himatnagar).

Results and Discussion
Microbial assistant metabolites have contributed enormously 

in the headway of a collection of medications, specifically against 
microbials, metabolic inhibitors, immunomodulatory subject mat-
ter experts, cell fortifications and anticancer trained professionals. 
Endophytic bacteria and fungi in the earlier decade have moreover 
opened streets of examination and abuse of new compound com-
ponents made during the plant-microorganism correspondence 
for drug similarly as green applications [12]. Three different Ba-
cillus spp. selected for alkaloid determination which were isolat-
ed from Citrus limon plant. The results for total alkaloid content 
(TAC) of six extracts in three from the plant extracts and three from 
bacterial endophytes extracts of Citrus limon L. Burm. f. All six ex-
tracts gave positive to both of qualitative tests with Wagner’s and 
Dragendorff’s reagents. Quantitative analysis of these six extracts 
is presented in the table 1. TAC was imparted in milligram of per-
ticular caffeine (mg CE). The results showed that the MSZLe leaf 
endophyte extract of Citrus limon showed highest alkaloid content 
(35.13 mg CE) followed by leaf extract of Citrus limon (28.63 mg 
CE). The Citrus limon root of showed least alkaloid content (18.03 
mg CE). The maximum alkaloid content was revealed in the leaves 
and its endophytes. The alkaloid content was varied with respect to 
the parts analysed at 470nm by UV spectrophotometer (Shimadzu 
UV-1800) (Figure 1). The alkaloid contents had been examined 
by Tambe V. 2014 in Hibiscus plant separates and communicated 
regarding atropine comparable as mg of AE/g of concentrate pe-
troleum ether, ethyl acetate and methanol extracts of Hibiscus tili-
aceus L. wood was examined. Ethyl acetic acid derivation separate 
showed high substance of phenol, alkaloid, flavonoid and tannin 
when contrasted with extraction of petroleum ether and methanol. 

As per the paraoptometric analysis Plant leaf and all three bac-
teria producing in good amount of alkaloid which were further 
tested with HPLC analysis. The standard Caffein HPLC chromato-
gram shows the compound revealed at 2.56 min figure 2. The high-
est peaks were present in Leaf endophytes MSZLd of Citrus limon 
in figure 4. than Leaf endophytes MSZLe of Citrus limon in figure 5, 
then Leaf endophytes MSZPse of Citrus limon in figure 6. HPLC pro-
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Extractions of Plant 
and Endophytes

Part  
investigated

Total alkaloids 
mg CE/100g

Plant extract Root 18.03 ± 0.24
Plant extract Leaf 28.63 ± 0.18
Plant extract Stem 20.53 ± 0.46
Extraction of Endophytes 
isolated from leaf MSZLd 35.13 ± 0.14

Extraction of Endophytes 
isolated from leaf MSZLe 30.18 ± 0.12

Extraction of Endophytes 
isolated from seed MSZPse 28.62 ± 0.26

Table 1: Total alkaloids in plant and endophytes of Citrus limon. 
Each value is the average of three analyses ± standard deviation, 

Where CE is Caffein equivalent.

Figure 1: Spectrophotometric analysis of alkaloids.

file of Citrus limon leaf reveled 6 peaks of different phytochemical 
compounds with retention time 2.0min, 2.53min, 3.04min, 3.79min, 
4.09min and 4.64min respectively in figure 3. All extractions de-
tected under UV detection at 273nm. Borde V., et al. 2014 reported 
that in in the example Abrus precabrius uncovered 3 significant 
tops, as thing 2, thing 4, thing 9, with RF value of maintenance time 
3.203 min, 5.330 min, 7.760 min and their respective concentra-
tions were 0.000 ug/ml, 6.116 ug/ml, 19.557 ug/ml. Luyang Li., et 
al. 2014 studied that in the roots of five Berberis plants had the to-
tal alkaloids in root and stem tests were in the scope of 1.60-4.72% 

and 0.76 - 2.70%, while those of the berberine were 0.70-2.92% 
and 0.23-1.07%. With higher substance of the total alkaloids and 
berberine, the foundations of B. soulieana, B. gagnepainii and B. 
bergmanniae were acceptable wellsprings of "Sankezhen". Citrus 
limon plant HPLC data showing leaf extract and endophytic bac-
teria which isolated from leaf are produced such higher amount of 
alkaloid production. It may be considered that Citrus limon plant 
produced alkaloid due the presence of their inner microorganism, 
endophytes shown In-situ production of phytochemicals [13-16]. 

Figure 2: HPLC chromatogram of caffein standard.

Figure 3: HPLC chromatogram of extraction of citrus limon leaf.

Conclusion 
The current examination uncovered the alkaloid substance of 

various parts and endophytes of Citrus limon which are restor-
atively significant plants. The relative assessment of all out-alka-
loid content is the essential report for these endophytes of plants. 
The bacterial endophytes MSZLd, MSZLe and MSZPse isolated from 
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Figure 4: HPLC chromatogram of extraction of leaf endophyte 
MSZLd.

Figure 5: HPLC chromatogram of extraction of leaf endophyte 
MSZLe.

Figure 6: HPLC chromatogram of extraction of seed endophyte 
MSZPse.

Citrus limon Leaf and seed. They were identified as Bacillus Spp. 
with 16S rRNA nucleotide sequencing. Isolate MSZLd as identified 
as Bacillus subtilis MK592771, isolate MSZLe identified as Bacillus 
vallismortis MN533948 and isolate MSZPse identified as Bacillus 
licheniformis MN160317. All bacterial nucleotide gene sequences 
deposited in NCBI gene bank. The above studies provide informa-
tion with respect to the identification, chemical constituents and 
physicochemical characters of Citrus limon that plant’s own endo-
phytes producing in higher amount of secondary metabolites rath-
er than plant itself. First time reported that such type of study of 
plant endophytes having phytochemicals as secondary metabolites 
without inducing any gene. These examinations help in distinguish 
to identify and approval of the plant material. Right distinctive ver-
ification and quality insistence of the starting materials is a princi-
pal crucial for ensure reproducible nature of local drug which will 
add to its prosperity and suitability.
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