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Abstract:
The main objective of the study is to analyze the medicinal properties, by giving scientific
validation to the existing bioactive compounds present in the coconut sprouts and recommending
the coconut sprouts as a natural product for the treatment of bacterial infection leading to
inflammations. Phytochemical screening by qualitative and quantitative analysis of the primary
and secondary constituents were carried out in aqueous and methanol extracts of the coconut
sprouts (fresh and dried) using standard procedures. The phytochemicals were characterized using
FT-IR, TLC and GC-MS analysis.. Antioxidant activity using Reducing power, Hydrogen
peroxide scavenging and DPPH radical scavenging methods and Anti-inflammatory activity
through protein denaturation method were carried out. Further confirmation of the functional role
of the phytoconstituent through in-silico docking was studied.The qualitative phytochemical
screening revealed the presence of essential phytoconstituents. The quantitative analysis revealed
the presence of maximum Carbohydrates (0.60+0.1 mg/g), Proteins (39+0.8 mg/ml), Flavonoids
(0.28+0.1 mg QE/g) and Terpenoids (95+1.2 mg/g) in methanolic fresh coconut sprout extract with
respective standards. Through in-silico analysis, docking studies were performed to confirm the
functional role of the specific therapeutic phytochemical. The fresh coconut sprouts are natural,
economically potent food source for human health and can be a nutrient supplement with cost
effective approach. The dried sprouts can also be recommended to the food industry for the large-
scale production of nutrient-based foods with a quality check.
Keywords: Coconut sprouts, Phytochemical, Characterization, Antioxidant, Anti-inflammatory,
In silico
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INTRODUCTION

Consumption of healthy food is highly essential to prevent various diseases. Formation of sprouts
occurs from the seeds during sprouting. The sprouts are well known for its excellent source of
essential nutrients like proteins, vitamins and minerals. The nutrient concentration of the sprouts
remains very high when consumed at its growth phase. Along with the essential nutrients, the
sprouts also contain enormous phytoconstituents. These phytoconstituents, vitamins, minerals,
enzymes and amino acids are of great importance as these are the most prerequisites in
maintaining human health [1-4]. The bioactive compounds found in the sprouts have a broad
spectrum of anti-microbial, antioxidant and anti- inflammatory properties [5].

The transformed protein content, the higher polyunsaturated fatty acid content, higher vitamin content
and the better utilization of the minerals in the sprouts has a higher nutritional value and is of great
biological importance. During the germination process, the polysaccharides degrade into
oligosaccharides and mono-saccharides, the fats into free fatty acids and the proteins into
oligopeptides and free amino acids, which support our biochemical mechanisms. These mainly
improve the bio-efficiency of the protein-decomposing, carbohydrate and fatty acid decomposing
enzymes; thereby the germination can be considered as a kind of pre-digestion which helps to break
down the complex molecular substances into their building blocks.

Apart from leguminous seeds, some of the vegetables are also used for sprout production. Sprouted
seeds are most commonly produced from adzuki beans, coconut, broccoli, buckwheat, cabbage,
chickpeas, clover, cress, leek, lentils, linseed, mung beans, mustard, garlic, grass pea, green and
yellow peas, onion, quinoa, radish, red beet, rice, rye, sesame, snow pea, soy, sunflower, fenugreek
and wheat [6].

Sprouts are divided into sprouts, shoots or cress [6]. Sprouts are mainly germinated in water and
collection is done before the development of leaves and the final product still contains the seed
(except coconut sprout). Shoots are produced during germination in water which results in the
formation of a green shoot with young leaves. The produced shoots are then harvested and
consumed without the roots and seed. Cress is separately germinated in soil or using a hydrophobic
substrate to produce green shoots with young leaves. But cress is commonly sold as an entire plant
in its soil and the green shoots are harvested by the consumer.

Consuming sprouts provides enormous nutrients to our body. Various natural products produced
from different plant sources are consumed directly as a food. Coconut sprout produced from Cocos
nucifera L. with enormous nutrients is used as a natural edible product. It provides the necessary
nutrition and improves our health aspects.

The constituents of C. nucifera L. have some of the biological effects, such as anthelminthic, anti-
inflammatory, antinociceptive, antioxidant, antifungal, antibacterial and antitumor activities. In
addition, other properties such as anti-hypertensive, cardio-protective, anti-seizure, cytotoxicity,
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hepatoprotective, vasodilation, nephronprotective, and anti-osteoporosis effects were also
reported. Because each part of C. nucifera has different phytoconstituents, the pharmacological
and biological effects of the plant vary according to the parts of the plant evaluated [7].

During germination of the coconut, the basal part of the embryo, which is mainly embedded in the
solid endosperm near the germinating pore, enlarges to form a cotyledonary structure called the
sprout (haustorium). Coconut sprout is one of the edible parts of coconut. The coconut sprouts are
spongy in nature, creamish or white or light yellowish in colour. It will be of great significance in
the field of applied medicine due to its enormous amount of potential resources of
phytoconstituents. The chemical analysis of the coconut sprout revealed the presence of proteins,
vitamins, minerals and several secondary metabolites and can be used as a cardioprotective agent

[8].

In general, the coconut sprouts have been consumed by different classes of people to reduce the
risk of stomach problems. One such disorder which is peptic ulcer is caused by a bacteria,
Helicobacter pylori or allergic reactions to some medicines like non-steroidal anti- inflammatory
drugs in the digestive tract in the stomach or the duodenum [9]. It is a gram-negative bacillus,
motile, microaerophilic, flagellate bacteria. The pathogenic activity is found in the Type-I strains
of the bacteria which encodes the effector protein cytotoxin- associated gene (cagA). After
entering the host cell, cagA effects shape of the cell increases the cell motility, intrupt the cell
junctional activity thereby resulting in gastric carcinomas and gastric ulcers [ 10]. The bacteria also
causes an increase in the expression of cytokines like TNF-a gastritis, IL-1B 1is also
overexpressed in gastritis [11]. H. pylori-infected gastric mucosa showed infiltration of
polymorph nuclear leucocytes, lymphocytes, monocytes and plasma cells in the lamina propria
and intraepithelial severe neutrophil infiltration [12]. The antibiotics at appropriate doses may
result in a minimal chance for recurrence of ulcers. The bacterial infection can also be reduced
through triple therapy regimens with proton pump inhibitor and two antibiotics such as amoxicillin
and clithromycin may act as a standard therapy [13]. Peptic or stomach ulcers result in abdominal
pain and discomforts. Some of the other symptoms include weight loss, nausea, poor appetite,
bloating, blood in stool and vomiting, black stools indicating the gastrointestinal bleeding [14].

The main objective of the study was to analyze the medicinal properties, by giving scientific
validation to the existing bioactive compounds present in the coconut sprouts and recommending
the coconut sprouts as a natural product for the treatment of bacterial infection leading to
inflammations. The sprouts are also enriched with various antioxidant, anticancer properties which
increases the human nutrition thereby improving the health aspects. The various phytoconstituents
makes the coconut sprouts to be rich in nutritive value and if consumed in the fresh or dried form
of the coconut sprouts can be one of the economical sources for the betterment of human health.

MATERIALS AND METHODS
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Sample collection

The fresh sprouts of Cocos nucifera L. were purchased from local markets in Vaniyambadi, Tamil
Nadu. These fresh sprouts were used for further study. The analysis of dried samples was carried
out with100 gms of the coconut sprouts using dry shade method for three weeks. Then they were
ground using a blender and stored in air tight containers for further analysis and were subjected to
Soxhlet extraction with different solvents (fig. 1 and fig. 2).

Fig. 1: Fresh coconut sprouts Fig. 2: Dried coconut sprouts

Screening of microbial contamination

During sprout production, the warm, humid and nutrient rich environment is ideal for bacterial
growth. Since the sprouts are edible and used for consumption, the examination of microbial
contamination is highly essential to analyse the purity of the samples [15]. The analysis was
done to check whether the samples are pure which can be used for further tests and thereby
recommended for consumption. The fresh and dried sprouts were checked for bacterial and fungal
contamination. Serial dilution method was carried out for each sample. Dilutions of 10-6 and 10~
7 were used for analysis for bacterial contamination and dilutions of 10-3 and 10-4 were used for
analysis for fungal contamination. Nutrient Agar (NA) and Potato Dextrose Agar (PDA) plates
were used for the analysis of bacterial and fungal contamination respectively using pour plate
method. Nutrient Agar (NA) plates were incubated at 37 °C and Potato Dextrose Agar (PDA) plates
were kept in room temperature. The plates were observed after 24 h for any bacterial growth and
48 h for fungal growth.

Crude extract preparation

The crude extract preparation was carried out using 10 gms of the fresh coconut sprouts was
ground with 100 ml of each of the solvents like butanol, acetone, methanol and water (aqueous)
separately [16]. Then it was filtered using Whatmann No.1 filter paper and was centrifuged at
5000rpm for 15 min. The supernatant was used for further phytochemical analysis. The powder
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(dried) was dissolved in different organic solvents namely (butanol, acetone, methanol
and water) and filtered after 48 h for the dried sprouts analysis. The filtrates were then concentrated
at 40 to 50 °C using a flash evaporator. The paste that was produced was freeze- dried and stored
in a refrigerator in air tight containers for further analysis.

Phytochemical screening

The fresh and dried sprouts of Cocos nucifera L. butanol, acetone, methanol and aqueous extracts
(CB, CAc, CM, CA and CBD, CAcD, CMD, CAD) were used for the phytochemical analysis.
Qualitative phytochemical tests for the identification of alkaloids, saponins, terpenoids,
glycosides, steroids and triterpenoids, resin, quinone, gum and mucilage, coumarin, anthraquinone,
proteins and amino acids, anthocyanin and betacyanin, carbohydrates, phlobatannin, flavonoids,
cardiac glycosides, phenols, tannins, phytosterol, polyphenols, fixed oils and fats, fatty acids were
carried out for all the four extracts using standard protocols [17-20].

Estimation and quantification

The methanol and aqueous extracts of the fresh and dried coconut sprouts showed good results
with the presence of various phytochemicals. These two extracts of the fresh and dried coconut
sprouts were taken for further study. The estimation and quantification of the phytoconstituents
such as proteins, terpenoids, total soluble sugars, and flavonoids were carried out, and levels of
phytic acid were quantified.

Estimation of total soluble sugars

The total soluble sugars were estimated using Dinitrosalicylic acid (DNS) method. 1 gm of the
sample was ground in 10 ml of the solvents (methanol and aqueous). 1 ml of the methanol and
aqueous extracts (fresh and dried sprouts) were taken in the test tubes, to which 1 ml of DNS
reagent was added. The test tubes were placedina boilingwater bath for Smin and were
cooled to room temperature. Reagent blank was prepared similarly without the sample extract.
The absorbance of the reddish coloured solution was measured at 575 nm using a UV
Spectrophotometer. The amount of sugars in the extracts was calculated with the standard curve
prepared from glucose [21, 22].

Estimation of proteins

Estimation of proteins was carried out using Lowry’s method. The protein samples (fresh and
dried) of both methanol and aqueous extracts (1 gm ground in 10 ml of the solvent) were placed in
1 ml of 1N sodium hydroxide at 100 °C for 4 to 5 min and 5 ml of alkaline copper reagent was
added, the mixture was allowed to stand at room temperature for 10 min. 0.5 ml of Folin-
Ciocalteu reagent was added and mixed immediately. After 30 min the absorbance was measured
at 750 nm using UV Spectrophotometer. The amount of protein in the samples were calculated
with the standard curve prepared using Bovine Serum Albumin (BSA) or casein [23].
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Estimation of flavonoids

The flavonoids were estimated using aluminium chloride method.

1 ml of the methanol and aqueous extracts of the fresh and dried coconut sprouts were taken in
the test tubes to which 0.3 ml of 5% of sodium nitrite solution was added. After 5 min, 0.3 ml
of 10% aluminium chloride solution, 2 ml of 1M sodium hydroxide solution was added.
The absorbance of the yellowish coloured solution was measured at 510 nm using a UV
Spectrophotometer. The amount of flavonoids was calculated using quercetin as standard
(24,25).

Estimation of terpenoids

The estimation of terpenoids was carried out using Ferguson’s method. The fresh and dried sprouts
of coconut 500 mg were soaked in methanol and distilled water (aqueous) respectively for 24 h
and filtered separately. Each filtrate was now extracted with petroleum ether. The resulting ether
extract was treated as total terpenoids. The residue which was obtained was dried and weighed
[26]. Then the terpenoid content was calculated using the formula

Weight of terpenoid extract (gms) « 100

Terpenoid content (%) =
Weight of the sample (0.5gm)
Estimation of phytic acid

1 gm of each sample (fresh and dried) was homogenised with 20 ml of 3% TCA. The homogenate
was kept in the shaker for 30 min. Itwas then centrifuged at 5000 rpm for 10 min. The pellet was
discarded, and the supernatant was collected. 2 ml of IN ferric chloride solution was added and
mixed well.

This mixture was incubated in a hot water bath for 45 min and then centrifuged at 5000 rpm for
10 min. The supernatant was discarded and the precipitate obtained was dissolved in 10 ml of 3%
TCA. The obtained mixture was heated in a hot water bath for 5 min followed by centrifugation
at 5000 rpm for 10 min. 2 ml of water and 1.5 ml of 1.5N sodium hydroxide solution was added to
the precipitate obtained and the volume was made up to 15 ml using distilled water.

The mixture was kept in a hot water bath for 30 min, cooled and filtered using Whatman No. 1
filter paper. The obtained precipitate was washed several times with hot water and dissolved in 10
ml hot 3.2N hydrochloric acid. Cool the content to room temperature and dilute with 10 ml of
water. Absorbance was measured at 480 nm using UV Spectrophotometer. Iron content from Fe
(NO3)3 standard was calculated. Phytate phosphorus from the iron results was calculated [27].

Fourier transform infrared spectrophotometer (FT-IR) analysis
For the FT-IR study, Spectrum FT-IR system (Shimadzu, IR Affinity 1, Japan), equipped with a

DLATGS detector with a mirror speed of 2.8 mm/sec. scan range: from 400-4000 cm-lwith a

resolution of 4 cm-! was used. The methanol and aqueous extracts of the fresh and dried coconut
sprouts were prepared. The extracts were evaporated by the flash evaporator and it was mixed
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with a KBr salt, using a mortar and pestle and compressed into a thin pellet. Infrared spectra were

recorded on KBr pellet on a Shimadzu FTIR spectrometer 4000-500 cm-1.

Gas chromatography-mass spectrometry (GC-MS) analysis Gas chromatograph

100 pl methanol extract of fresh coconut sprouts (CM) was used for GC-MS analysis. A Shimadzu
GC-2010 Plus gas chromatograph was equipped with a straight deactivated 2 mm direct injector
liner and a 15m Alltech EC-5 column (250u I.D., 0.25p film thickness). A split injection was used
for sample introduction and the split ratio was set to 10:1. The oven temperature program was
programmed to start at 35 °C, hold for 2 min, then ramp at 20 °C per minute to 450°C and hold
for 5 min. The helium carrier gas was set to 2 ml/minute flow rate (constant flow mode).

Mass spectrum

A direct connection with capillary column metal quadupole mass filter pre-rod mass spectrometer
operating in electron ionization (EI) mode with software GCMS solution ver. 2.6 was used for all
analyses. Low-resolution mass spectra were acquired at a resolving power of 1000 (20% height
definition) and scanning from m/z 25 to m/z 1000 at 0.3 seconds per scan with a 0.2-second inter-
scan delay. High-resolution mass spectra were acquired at a resolving power of 5000 (20% height
definition) and scanning the magnet from m/z 65 to m/z 1000 at 1 second per scan.

Mass spectrometry library search

Identification of the components of the compound was matched with their recorded spectra from
the data bank mass spectra of NIST library V 11 provided by the instrument's software. GC/MS
metabolomics Database was used for the similarity search with retention index.

In silico analysis (Docking studies)

In silico analysis through molecular docking helps us to study the functional role of the specific
bioactive compound. The compounds identified by GC-MS analysis in the coconut sprouts were
screened against the target protein (Helicobacter pylori). The target molecule was retrieved from
(PDB) Protein Data Bank (http://www. rcsb.org/pdb/). The bioactive compound details were
retrieved from the Pubchem database. The bioactive compounds were docked against the target
protein in mcule database. Docking results in interactions between the target and ligand molecules.
Docking studies were carried out to prove the anti-inflammatory property of the bio-constituent
from the sprout samples. Diclofenac sodium was used as a standard anti-inflammatory compound
[28].

Statistical analysis

For each experiment, data presented are the means of three replicates. Values are expressed as
mean+SD of three replicates.

RESULTS AND DISCUSSION

The sprouted foods are normally consumed by all classes of people. Specifically, the consumption
of sprouted coconut is in the day to day practice by the common people seen in different parts of
Vaniyambadi, Tamil Nadu for curing inflammation in the stomach. The coconut sprouts are known
to be an excellent source of phyto- constituents such as proteins, vitamins, minerals and several
secondary metabolites. Study of various medicinal properties of coconut sprouts leads to the
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betterment of human health aspects by discovering their, anti-inflammatory, antioxidant and anti-
ulcer properties as not much work is carried out and not proven scientifically.

Phytochemical screening

The phytochemical analysis carried out (fresh and dried coconut sprouts) using different solvents
namely butanol, acetone, methanol and aqueous (water) revealed the presence of phytoconstituents
chiefly in methanol and aqueous solvents.

The fresh and dried coconut sprouts indicated the presence of alkaloids, saponins, terpenoids,
steroids, triterpenoids, resin, quinone, proteins, amino acids, carbohydrates, flavonoids, cardiac
glycosides, phenols, tannins, fixed oils, fats and fatty acids.

The fresh coconut sprouts only showed the presence of betacyanin (table 1).

Table 1: Phytochemical analysis of various solvent extracts of fresh and dried coconut
sprouts

S. No. Phytochemical Buta nol Acetone Methanol Aque ous
constituents F F

D F DF D D
1. Alkaloids - - - - - - + +
2. Saponins + + + + + + + +
3. Terpenoids + + + + + + + +
4. Glycosides - - - - - - - -
5. Steroids and+ + + + + + + +
Triterpenoids
6. Resin + + + + + + + +
7. Quinone + + + + + + + +
8. Gum and Mucilage - - - - - - - -
9. Coumarin - - - - - - - -
10. Anthroquinone - - - - - - - -
11. Protein and Amino acids + + + + + + + +
12. Anthocyanin and+ - + - + - + -
Betacyanin
13. Carbohydrates + + + + + + + +
14. Phlobatannin - - - - - - - -
15. Flavonoids - - + - + + + +
16. Cardiac glycosides + - + - + - + +
17. Phenols - - - - + - + -
18. Tannins - - + - - - + T
19. Phytosterols - - - - - - - -
20. Polyphenols - - - - - - - -
21. Fixed oils and fats - - - - - - + +
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22. Fatty acids - - - - - - + +

(F)-Fresh; (D)-Dried; (+) presence; (-) absence

The novel phytoconstituents are of great significance in improving human health aspects. The
major food nutrients such as proteins, free amino acids and carbohydrates present in the sprouts
enhance the nutritional quality. The terpenoids have high antioxidant potential, also used as an
anti-inflammatory agent, antibacterial and anti-viral agent [29, 30]. Saponins are non-volatile
surfactants with antimicrobial, anti-inflammatory and anti-tumour properties. Steroids are mainly
used in the treatment of asthma, skin inflammation, hormone control. The cardiac glycosides act
as a cardioprotective agent. The various other phytochemicals such as alkaloids, flavonoids, resin,
quinone, triterpenoids, anthocyanin, betacyanin, tannins, fatty acids, fixed oils and fats also makes
the sprout as a healthy edible product by acting against various human pathogens thereby
benefiting the human health.

Estimation and quantification

The total soluble sugars were quantified in the fresh and dry coconut sprouts. The standard solution
of concentration (10-100 ppm) confirmed to Beer’s Law at 510 nm with a regression coefficient
(R2)= 0.9918. The plot has a slope (m) = 0.0078 and intercept = 0.0577. The equation of the
standard curve is y = 0.0078x+0.0577. The results revealed that methanol and aqueous extract of
fresh coconut sprouts had 0.60+£0.1 mg/g and 0.58+0.2 mg/g of glucose and the dried coconut
sprouts had 0.57+£0.2 mg/g and 0.56+0.1 mg/g of glucose.

Protein content in various sprout samples was estimated using BSA as standard. The standard
solution of concentration (100-1000 ppm) confirmed to Beer’s Law at 510 nm with a regression
coefficient (R2) = 0.9901. The plot has a slope (m) = 0.0008 and intercept = 0.0614. The equation
of standard curve is y = 0.0008x+0.0614. The results indicated that methanol and aqueous extract
of fresh coconut sprouts had 39+0.8 mg/ml and 38+1.2 mg/ml of protein and the dried coconut
sprouts had 36+0.9 mg/ml and 35+1.1 mg/ml of protein.

Quantification of flavonoids carried out in fresh and dried samples. The quercetin solution of
concentration (100-1000 ppm) confirmed to Beer’s Law at 510 nm with a regression coefficient
(R2)=0.9933. The plot has a slope (m) = 0.0008 and intercept = 0.0495. The equation of standard
curve is y = 0.0008x+0.0495. The results revealed that methanol and aqueous extract of fresh
coconut sprouts had 0.284+0.1 mg QE/g and 0.25+0.12 mg QE/g and the dried coconut sprouts had
0.234+0.13 mg QE/g and 0.22+0.008 mg QE/g.

Terpenoid content in the fresh and dry sprouts was quantified. The results revealed that methanol
and aqueous extract of fresh coconut sprouts had 95+1.2 mg/g and 90+1.1 mg/g and the dried
coconut sprouts had 89+1.1 mg/g and 85+1.3 mg/g.

Investigation studies on proteins and carbohydrates carried out in methanol extracts of Triticum
aestivum 3 d old seedlings and wheat grains revealed 326 mg/g of protein, 36.79 2 mg/g of
carbohydrates in 3 d old wheat seedlings and 305.84 mg/g of protein, 46.14 mg/g of carbohydrates
in wheat grains [31]. Quantification of protein content of selected samples of Glycine max with
respect to BSA was found to be 90.6ug/ml, 82ug/ml, 94.5ug/ml and 79.1ug/ml respectively [32].
Thus the results are also clear evidence that sprouting enhanced the amount of carbohydrates,
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protein content and various other bio-constituents like flavonoids, terpenoids making the sprouts
highly nutritious than the seeds.

Phytic acid content in the fresh and dry sprouts was estimated which showed that methanol and
aqueous extract of fresh coconut sprouts had 0.12+0.009 mg/g and 0.13+0.006 mg/g and the dried
coconut sprouts had 0.13+0.007 mg/g and 0.12+0.008 mg/g.

Fourier transform infrared spectrophotometer (FT-IR) analysis

FT-IR analysis of all the fresh and dry sprouts reveals about the distribution of functional groups
within the organic fractions and provides a basis for a comparison of compositional differences
between the sprouts. The FT-IR spectra for fresh coconut sprouts methanol extract (CM) showed
the presence of various functional groups such as alkylhalides, esters, carboxylic acids, alkenes,
amides, ketones, alkynes, alkanes and alcohols (fig. 3). The FT-IR spectra for fresh coconut sprouts
aqueous extract (CA) showed the presence of various functional groups such as alkyl halides,
alkenes, alkanes, esters, ketones, alkynes, phosphines, phosphoric acid, carboxylic acids and
alcohols (fig. 4). The FT-IR spectra for dried coconut sprouts methanol extract (CMD) showed the
presence of various functional groups such as alkyl halides, alkynes, esters, carboxylic acids,
amides, ketones, phosphines and alkanes (fig. 5). The FT-IR spectra for dried coconut sprouts
aqueous extract (CAD) showed the presence of various functional groups such as alkyl halides,
alkynes, alkanes, carboxylic acids, ketones, isocyanides, phosphines, aldehydes and alcohols (fig.
6).

The results revealed terpenoids were found to be present because of the presence of C-H stretch at
2862.49 and 2928.07 cm-1. The presence of C=0 stretch at 1743.72 cm-1 showed the presence of
saponins [44]. The presence of different functional groups may be attributed to the existence of a
variety of potential phytochemicals. The multiple functional groups reflect either the complex
structure or it indicates the nature of the sample as a mixture.
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Fig. 3: FT-IR Spectrum of fresh coconut sprouts methanol extract (CM)
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Fig. 5: FT-IR spectrum of dried coconut sprouts methanol extract (CMD)
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Fig. 6: FT-IR spectrum of dried coconut sprouts aqueous extract (CAD)

Reducing power assay

The fresh coconut sprouts methanol extract (CM) and aqueous extract (CA) showed IC50value of
196pg/ml and 214.2ug/ml (fig. 7). The dried coconut sprouts methanol extract (CMD) and
aqueous extract (CAD) showed IC50value of 236.8ug/ml and 285.2ug/ml (fig. 8). The reducing
power activity of standard ascorbic acid showed IC50value of 149.1ug/ml.

The reducing capacity of a compound may serve as a significant indicator of its antioxidant
potential. The reducing ability was measured in terms of Fe3+to Fe2-+transformation in the
presence of different concentrations of the extract. Reducing power assay revealed that assayed
sprouts were able to reduce the ferric ions (Fe3+) to ferrous ions (Fe2+) in a concentration-
dependent manner [33].
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Fig. 7: Reducing power activity of fresh coconut sprouts methanol extract (CM) and aqueous
extract (CA)
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Fig. 8: Reducing power activity of dried coconut sprouts methanol extract (CMD) and
aqueous extract (CAD)

DPPH radical scavenging assay

The fresh coconut sprouts methanol extract (CM) and aqueous extract (CA) showed per cent
maximum inhibition of 88+1.2 and 86+1.4 respectively at 500ug concentration with IC50value of
169.9ug/ml and 184.2ug/ml (fig. 9).

The dried coconut sprouts of the methanol extract (CMD) and the aqueous extract (CAD) showed
per cent maximum inhibition of 8441.2 and 82+1.3 respectively at 500ug concentration with
IC50value of 197.5ug/ml and 205pug/ml (fig. 10). The DPPH scavenging activity of standard
ascorbic acid showed per cent maximum inhibition of 90£1.5 at 500ug concentration with
IC50value of 149.1pg/ml.

The electron donation ability of natural products can be measured by 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) purple- colored solution bleaching where the method is based on
scavenging of DPPH through the addition of a radical antioxidant that decolourises the DPPH
solution. The degree of color change is proportional to the concentration and potency of the

antioxidants [34].
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Fig. 10: DPPH free radical scavenging activity of dried coconut sprouts methanol extract
(CMD) and aqueous extract (CAD)

Highly reactive free radicals like oxygen-derived radicals, which are mainly
formed by exogenous chemicals or through endogenous metabolic processes in the human body.
These are capable of oxidizing several cellular biomolecules like nucleic acids, enzymes, proteins,
lipids and carbohydrates, consequently affecting the immune functions resulting in cell death and
tissue damage [35]. Oxidative damage has a significant pathological role in several human diseases
like cancer, atherosclerosis and arthritis [36]. The majority of the organisms are protected against
free radical damage using enzymes like superoxide dismutase and catalase or bioactive compounds
such as tocopherol, ascorbic acid and glutathione [37]. Several problems such as ageing,
deterioration of physiological functions resulting in severe diseases followed by accelerated ageing
are produced when the mechanism of antioxidant protection becomes unbalanced. Synthetic
antioxidants used might be effective, but their safety and toxicity have been major concerns [38].
Much attention has been focused on the use of natural antioxidants to protect the human body from
the oxidative damage by free radicals. Dietary antioxidants (natural food antioxidants) protect
against free radicals such as reactive oxygen species in the human body.

Among the three antioxidant assays carried out in fresh and dried sprouts,
DPPH assay revealed a potent antioxidant activity when compared to hydrogen peroxide
scavenging assay and reducing power assay. Thus it clearly shows that the coconut sprouts are the
potent natural antioxidant agents due to the presence of rich phytoconstituents namely terpenoids
and flavonoids.

Terpenes have a significant role as signal compounds and growth regulators (phytohormones).
These are the main constituents of essential oils and also sprouts having wound healing and
antioxidant properties [39]. Most investigations regarding their role in human health reported their
chemotherapeutic and antioxidant properties [40]. An important mode of action of terpenoids as
antioxidants is to support other antioxidants like a-tocopherol, thereby terpenoids not only being
a strong antioxidant but also aid in the functioning of other antioxidants by showing synergistic
effects.

Flavonoids are a large class of compounds, found in plants usually occurring as glycosides. These
contain several polyphenols or phenol hydroxyl functions attached to ring structures. The cleavage
of the glycosidic ring takes place in the gastrointestinal tract thereby releasing the free polyphenols.
The chemical activities of polyphenolic components in terms of their reducing properties as
hydrogen or electron donating agents predict their potential for action as free radical scavengers
(antioxidants). The free radical scavenging activities of the sprout extracts may be attributed to the
presence of flavonoids in the extracts [41].

DPPH radical scavenging activity of the studied sprouts was compared with the standard ascorbic
acid. The fresh and dried methanolic and aqueous extracts of coconut sprouts revealed a prominent
free radical scavenging activity on par with the standard ascorbic acid used. Thus, the consumption
of the sprouts can be beneficial in preventing oxidative stress-related degenerative diseases.

Thin layer chromatography (TLC) analysis
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The methanol extract of the fresh sprout sample showed good results for
antibacterial and antioxidant assays, hence TLC analysis was carried out in fresh sprouts samples
of methanol extract. Methanol extract of fresh coconut sprouts (CM) using the solvent system n-
butanol: pyridine: water (1:1:1), showed yellow colour with a Rf value of 0.71 indicating the
presence of proteins, with the solvent system Chloroform: Methanol: Water (30:4:1), greenish
colour with Rf value of 0.3 indicating the presence of terpenoids and using the solvent system,
Chloroform: Methanol (96:4), yellowish- orange colour with Rf value of 0.86 indicating the
presence of flavonoids (fig. 11).

Fig. 11: TLC Analysis for fresh coconut sprouts methanol extract (CM)

g - e

Proteins Terpenoids Flavonoids

A human diet with several plant proteins includes a diverse range, which vary in terms of amino
acid composition and its digestibility. These are capable of satisfying the human needs for all ages
when consumed in appropriate mixtures. Recent data shows that intake of protein based diets
reduces the risks of cardiovascular disease, hypertension and osteoporosis. The terpenoids show
significant pharmacological activities, such as antiviral, antibacterial, antimalarial, anti-
inflammatory, inhibition of cholesterol synthesis and anticancer activities [42]. Flavonoids are of
great significance because of its antioxidant activity, activities of 5-lipoxygenase, cyclo-
oxygenase, protein kinase C, tyrosine kinase C, genetic toxicity and they have free radical
scavenging and antioxidation properties which are mainly responsible for several anticancer and
anti-ageing activities [43]. Hence the results confirmed the presence of various bio-constituents
such as proteins, terpenoids and flavonoids in the methanolic fresh coconut sprouted sample.

Gas chromatography-mass spectrometry (GC-MS) analysis

GC-MS is a combination of two different analytical techniques, Gas Chromatography (GC) and
Mass Spectrometry (MS) used to analyze complex organic and biochemical mixtures [44]. Since
the methanol extract of the fresh coconut sprout samples had a higher amount of phytoconstituents
and showed prominent results for antibacterial, anti-inflammatory and antioxidant assays, the GC-
MS analysis was carried out in fresh coconut sprout samples of methanolic extract to analyse the
presence of specific bioactive compounds. The GC-MS spectrum of methanol extract of fresh
coconut sprouts (CM), indicated the presence of various compounds like isosorbide dinitrate, n-
decanoic acid, pyrrolidine, 1,3-propanediol, D-glycero-D- ido-heptose, xylitol, ethylene
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diacrylate, n-capric acid, ascorbic acid, n-nondecanol-1, 2-chloroethyl linoleate, cis-vaccenic acid,
DL-Phenyl alanine, glycerol tri caprylate, caprylic anhydride, squalene, 4- nitrophenyl caprylate
(fig. 12 and table 2). The compounds are mostly of fatty acids, free amino acids, vitamins,
terpenoids and other small functional groups. These compounds have the antimicrobial, anti-
oxidant, anti-ulcer, anti-cancer properties. In recent decades, consumption of natural foods like
sprouts has attracted huge attention, since many epidemiological and biochemical studies have
consistently demonstrated clear and significant studies regarding regular intake of these natural
food products which has reduced the rates of heart diseases, common cancers, ageing and other
degenerative diseases. They are of great biological significance because of the presence of several
antioxidants, especially antioxidative vitamins, including a- tocopherol, ascorbic acid (vitamin C),
and provitamin A. Sprouts being a part of regular diet in considerable amounts, they apparently
provide long-term health profiting effects. Thus, the GC-MS studies are further taken for In silico
work with the compounds identified for various biological activities, particularly with anti-
inflammatory and antiulcer properties.
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Fig. 12: GC-MS Spectrum of fresh coconut sprouts methanol extract (CM)
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Table 2: GC-MS Analysis of fresh coconut sprouts methanol extract (CM)

Peak R.Time Name Area Area %  Height Height %
1 5.043 Isosorbide Dinitrate 39810397 8.23 6591365 11.79
2 6.709 n-Decanoic acid 44381385 9.18 4734461 8.47
3 6.892 Pyrrolidine 13113688 2.71 2449370 4.38
4 8.542 1,3-Propanediol 212138815 43.86 8878208 15.88
5 10.556 D-Glycero-D-ido-heptose 8336666 1.72 789377 1.41
6 11.679 Xylitol 5116587 1.06 1451395 2.60
7 11.867 Ethylene diacrylate 693200 0.14 172193 0.31
8 16.429 n-Capric acid 1982916 0.41 533074 0.95
9 18.435 Ascorbic acid 70770128 14.63 12407401  22.20
10 19.195 n-Nonadecanol-1 1621170 0.34 410036 0.73
11 22.987 2-Chloroethyl linoleate 10944235 2.26 2040071 3.65
12 23.179 Cis-Vaccenic acid 49223633 10.18 8484243 15.18
13 23.417 DL-Phenylalanine 3273215 0.68 513496 0.92
14 28.953 Glycerol tricaprylate 3125292 0.65 793461 1.42
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15 29.361 Caprylic anhydride 6800088 1.41 1574321 2.82

16 43.652 Squalene 3877251 0.80 1517523 2.72

17 45.075 4-Nitrophenyl caprylate 8486145 1.75 2550879 4.56
483694811 100.00 55890874  100.00

In silico analysis (Docking studies)

GC-MS studies confirmed the presence of fatty acids, free amino acids, vitamins,
terpenoids and other small functional groups. From the GC-MS analysis, screening was carried
out for the compounds related to the anti-ulcer property.

Among the compounds screened, squalene from fresh coconut sprouts was found to be
related to the present study having anti- ulcer activity. Squalene, a triterpenoid is an anti-ulcer,
anticancer agent. It is also used as an immunologic adjuvant in vaccines. Diclofenac sodium was
used as a standard.

Diclofenac is a non-steroidal anti-inflammatory agent (NSAID) with antip yretic and analgesic
actions. It is primarily available as the sodium salt. The target protein of Helicobacter pylori, was
obtained from Protein Data Bank (http://www.rcsb.org/pdb/)-PDB ID: 1G60. The bioactive
compound details (squalene) was retrieved from Pubchem database. Mcule [https://mcule.com/]
is an integrated drug discovery platform providing drug discovery tools, high-quality compound
database and professional compound delivery. These components are integrated together and can
be accessed via a clean and simple web interface. The bioactive compounds docked against the
target protein in mcule database showed the anti-ulcer property of the compounds through docking
scores. More negative values are an indication of higher binding affinity. Rigid docking method
was followed where the bond angles, bond lengths were not modified at any stage of the analysis.

Docking analysis of squalene from fresh coconut sprouts methanol extract (CM) showed
docking scores of-7.7,-7.6,-7.5 and-7.3 (fig. 13). Docking analysis of standard diclofenac sodium
showed docking scores of-7.5,-7.3,-7.1 and-6.8 (fig. 14). Maximum binding affinity was noted for
squalene against Helicobacter pylori than the standard drug compound diclofenac sodium.

Thus docking results are clear evidence for coconut sprouts having anti-ulcer properties.
Thus the sprouts with enriched phytoconstituents can be recommended as a natural treatment for
ulcer problems. The maximum binding affinity was reported with fresh methanolic extracts of
coconut sprouts with a squalene-an antiulcer agent when compared with the standard diclofenac
sodium. Specifically, coconut sprouts can be extensively used as an anti-ulcer agent as it is already
existing as a traditional practice of consuming the coconut sprouts for various stomach disorders.
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Fig. 13: Illustration of squalene compound from fresh coconut sprouts methanol extract
(CM) Docked with Target Protein 1G60-Helicobacter pylori

Fig. 14: Illustration of standard diclofenac sodium compound docked with target protein
1G60-Helicobacter pylori

CONCLUSION

The present study revealed that the fresh coconut sprouts are enriched with phytoconstituents such
as proteins, carbohydrates, terpenoids and flavonoids which possess strong antibacterial, anti-
inflammatory and antioxidant activities. Further, GC-MS and docking studies confirmed the
presence of squalene, a triterpenoid showing a strong specific antiulcer affinity against the target
protein Helicobacter pylori, an ulcer causing bacteria. Sprouts have been used in the diet as healthy
food and in addition to being a good source of basic nutrients; they also have important
phytoconstituents with disease preventive and health promoting properties. Moreover, sprouts are
believed to have stronger defences and metabolic pathways than the parent seeds. In recent past,
there is an increasing need for the consumption of nutrient rich diet from the natural sources. The
fresh coconut sprouts are natural, economically potent food source for human health and can be a
nutrient supplement with cost effective approach. The dried sprouts can also be recommended to
the food industry for the large-scale production of nutrient-based foods with a quality check.
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