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A B S T R A C T

The study aimed to evaluate extraction efficiency, detection and quantification of phytochemicals, minerals and
antioxidative capacity of different parts of Salacia chinensis L. Continuous shaking extraction, steam bath assisted
extraction, ultrasonic extraction and microwave assisted extraction with varied time intervals were employed for
extraction of phenolics, flavonoids, and antioxidants. Preliminary screening revealed the presence of wide array
of metabolites along with carbohydrates and starch. Steam bath assisted extraction for 10 min exposure was
found most suitable for extraction phenolics (46.02± 2.30 mg of gallic acid equivalent per gram of dry weight
and 48.57±2.42 mg of tannic acid equivalent per gram of dry weight) and flavonoids (35.26±1.61 mg of
quercetin equivalent per gram of dry weight and 51.60± 2.58 mg of ellagic acid equivalent per gram of dry
weight). In support, reverse phase-high performance liquid chromatography- diode array detector confirmed the
presence of seven pharmaceutically important phenolic acids. Antioxidant capacity was measured by 1, 1- di-
phenyl-1-picryl hydrazyl (DPPH), ferric reducing antioxidant power (FRAP), 2, 2′-azino-bis (3-ethylbenzothia-
zoline-6-sulphonic acid) scavenging (ABTS) and N, N-dimethyl-p-phenylenediamine (DMPD) assays and re-
presented as trolox equivalent antioxidant capacity (TEAC) and ascorbic acid equivalent antioxidant capacity
(AEAC). Antioxidant capacity ranged from 121.02± 6.05 to 1567.28±78.36 µM trolox equivalent antioxidant
capacity and 56.62± 2.83 to 972.48±48.62 µM ascorbic acid equivalent antioxidant capacity. Roots showed
higher yields of illustrated biochemical parameters, however fresh fruit pulp was found a chief source of mi-
nerals. Gas chromatography-mass spectroscopic analysis revealed the presence of a vast array of phytocon-
stituents associated with different plant parts. The present study revealed the amounts of minerals and diverse
phytoconstituents in various parts of S. chinensis and confirmed its medicinal and nutritional implications.

1. Introduction

Salacia L. (family - Hippocrateaceae), an important genus having
numerous nutritional, medicinal, and pharmaceutical implications is
found widely in India, Sri Lanka, China and other Asian countries.
Twenty one species are found in India alone [1]. Many species of the
genus (including S. chinensis) have been used for thousands of years in
traditional medicines, particularly as a food supplement for the

prevention of obesity and diabetes [2]. Salacia spp. (including S. chi-
nensis) has been used widely to treat variety of diseases such as arthritis,
rheumatism, inflammation, leucorrhoea, fever, venereal and bronchitis
[2]. S. chinensis commonly known as Saptarangi or Saptachakra is an
important underutilized plant distributed in the Indian subcontinent,
including the semi-evergreen forests of the Western Ghats, India. The
sweet, translucent and jelly-like pulp surrounding the seeds of the fruit
is edible. An anti-obesity effect with dietary intake of S. chinensis fruits
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was observed in obese human subjects [3,4].
The presence of certain phytochemicals in roots and leaves of this

plant has been reported [5,6]. Various extracts of S. chinensis have been
reported to possess several biological activities including antimicrobial,
antidiabetic, and anti-obesity. Pharmacological studies also demon-
strated the S. chinensis roots modulate multiple targets such as peroxi-
some proliferator-activated receptor-alpha-mediated lipogenic gene
transcription, angiotensin II/angiotensin II type 1 receptor, alpha-glu-
cosidase, aldose reductase and pancreatic lipase [7]. Moreover, antic-
ancer and anti-HIV activities against resistant strains have also been
identified [8]. These pharmacological and medicinal potential of this
plant are associated with the presence of certain bioactive molecules
like salacinol, mangiferin, kotanalol, betulin-3-caffeate, morolic acid,
and oleanolic acid [5,6]. Enhanced production of some of these com-
pounds was successfully carried out using biotechnological tools espe-
cially plant tissue culture [9]. Moreover, molecular markers were also
applied for phyto-molecular characterization and association with some
important biochemical traits in some medicinal plants [10].

The health-promoting properties has increased interest in studying
and quantifying the nutrients and secondary metabolites of this un-
derutilized fruit plant [11,12]. It is necessary to compare the nutritional
and phytochemical values of different parts in order to establish op-
timal extraction conditions that can be adapted readily in food pro-
cessing and clinical research programs. In the present study, com-
parative extraction and quantification of total phenolics, flavonoids,
antioxidant properties were determined from different parts of S. chi-
nensis. Moreover, mineral profiling was also carried out for different
parts of S. chinensis.

2. Materials and methods

2.1. Collection and processing of plant material

Plant material (root, stem, leaf, fruit pulp and seeds of S. chinensis)
were collected from single population at Amboli (15°58′05.6′’N;
73°59′48.7″E; altitude: 739 m) locality of the Northern Western Ghats,
India and a specimen was authentically identified and deposited at
Herbarium, Department of Botany, Shivaji University, Kolhapur (Voch.
No. JC/SC/04). Plants were collected according to their vegetative,
flowering and fruiting seasons. The material was cut into small pieces,
shade dried (15 days) and ground to fine powder using a Wiley mill.

2.2. Chemicals and reagents

Phenolic acids, standards for antioxidant assays (gallic acid, tannic
acid, quercetin, ellagic acid, trolox, and ascorbic acid), 2,2-diphenyl-1-
picryl hydrazyl (DPPH), 2,4,6-tris (2-pyridyl)-s-triazine (TPTZ), 2,2′-
azino-bis (3-ethylbenzo-thiazoline-sulphonic acid) (ABTS), N,N-di-
methyl-p-phenylenediamine (DMPD) were procured from Sigma
Aldrich, Bangalore, India. Methanol, acetone, chloroform, petroleum
ether, acetonitrile were of HPLC grade (Qualigens, India). All other
chemicals were analytical grade.

2.3. Extract preparation and qualitative screening of phytochemicals

The qualitative phytochemical analysis was carried out for different
plant parts viz; root, stem, leaf, fruit pulp and seeds. The extractions
were carried out by subjecting 1 g of plant powder into 250 ml conical
flask. The flask was subjected with 100 ml of different solvents (me-
thanol, acetone, chloroform, petroleum ether or distilled water in-
dividually) and kept for shaking on orbital shaker at 110±2 rpm for
12 h (Rivotek, Riviera, India). Then the extracts were filtered through
Whatman No. 1 filter paper and volume was adjusted to 100 ml using
respective solvents. The extracts prepared were analyzed for the pre-
sence of major phytochemical groups such as proteins, carbohydrates,
phenols, tannins, flavonoids, saponins, glycosides, steroids terpenoids

and alkaloids by using standard methods [13,14].

2.4. Comparative extraction of total phenolics, flavonoids and antioxidant
capacity

The methods described for extraction of phytoconstituents from S.
chinensis [15] and Ancistrocladus heyneanus [16] were employed with
minor modifications. Extractions were carried out to evaluate the
method of extraction and time period required for the extraction to get
the higher yield of total phenolics, flavonoids and antioxidants from
different parts of the S. chinensis. Methanol was chosen for these ex-
periments since it was the best solvent for extraction of phenols, fla-
vonoids and antioxidants from fresh fruit pulp of S. chinensis in a pre-
vious study [17]. The extraction techniques employed in the present
study are as follows.

2.4.1. Continuous shaking extraction (CSE)
One gram powder of plant parts (root, stem, leaf, fruit pulp and

seed) were subjected separately to continuous shaking extractions using
100 ml of methanol and placed on orbital shaker (Rivotek, Riviera,
India). Extractions were carried out at a controlled temperature
(25±2 °C) with constant stirring at 110±2 rpm for 360 or 720 min.

2.4.2. Ultrasonic extraction (UE)
Powdered plant material (root, stem, leaf, fruit pulp and seeds) was

subjected separately to ultrasonic extraction at working amplitude of
60 Hz on ultrasonic bath (Revotek, India). One gram of powdered
material was transferred to 100 ml of methanol in 250 ml beaker.
Samples were exposed to sonication for 10 or 20 min at room tem-
perature.

2.4.3. Microwave assisted extraction (MAE)
One gram powder of root, stem, leaf, fruit pulp and seeds were

extracted individually with 100 ml methanol in conical flasks. All flasks
were exposed for 5 or 10 min in a microwave oven (Samsung, India) at
180 W. Cooling at regular intervals (2 min) was done to avoid bumping
and repeated exposures were allowed to complete the required ex-
posure.

2.4.4. Steam bath assisted extraction (SBAE)
Extractions were carried out on stirred thermal water bath

(Equitron, Mumbai, India) and constant temperature (70 °C). One gram
of dried plant powder was extracted with 100 ml methanol for 10 or
20 min. The flasks were kept on the thermal water bath for evaluating
the efficiency of steam on the extraction.

Extracts prepared using the four different extraction procedures
were filtered through Whatman No. 1 filter paper and adjusted to
100 ml and extracts were used for further analysis.

2.5. Determination of total phenolic content (TPC)

The quantification of TPC was carried out using modified
Folin–Ciocalteu method [18]. The absorbance of blue color developed
was read at 760 nm on double beam spectrophotometer (Thermo Sci-
entific, multiskan Go 1510, USA). The results were compared with
standard curves of tannic and gallic acid and were expressed as milli-
gram equivalent per gram dry weight.

2.6. Determination of total flavonoid content (TFC)

Total flavonoid content was quantified by using aluminium chloride
calorimetric method [19]. The absorbance of extracts and standard
solutions was measured at 367 nm. The results were expressed as mil-
ligram of quercetin and ellagic acid equivalent per gram dry weight.
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2.7. RP-HPLC-DAD determination of phenolic acids

2.7.1. Sample preparation
One gram powder of plant materials (root, stem, leaf, fruit pulp and

seed separately) were extracted using 100 ml of methanol on an orbital
shaker with a constant stirring of 110±2 rpm at 28±2 °C, overnight.
The extracts were filtered through a 0.45 mm nylon filter (Axiva filters),
volume of the extracts were adjusted to 100 ml with methanol and
stored in amber vial at 4 °C for less than a week until HPLC analysis.

2.7.2. Instrumentation
Reversed phase HPLC diode array detector (RP-HPLC-DAD) analysis

was performed on a Shimadzu chromatographic system (model no. LC-
20 CE) consisting of a quaternary pump, manual injector, degasser
(DGU-20A5) and dual λ UV absorbance diode array detector (SPD-
M20A). LC-Solution software (Version 1.25, Shimadzu Corporation,
Japan) was used for data processing. Chromatographic separation was
achieved on a Waters, Nova-Pak C18 column (4 µm, 4.6 × 250 mm).

2.7.3. Chromatographic conditions
Mobile phase consisting of water: acetonitrile: glacial acetic acid

(90:5:5) was used for separation with an injection volume of 20 µl. A
isocratic flow rate of 0.9 ml/min was used with a run time of 60 min.
Detection was at 280 nm.

2.7.4. Calculations, calibration curves and linearity
Phenolic compounds were accurately weighed and dissolved in

methanol to obtain a standard stock solution (1 mg/ml). The stock so-
lution of phenolic compounds was serially diluted using same solvent to
obtain 6 levels (1, 5, 10, 20, 40 and 100 µg/ml) of working con-
centrations for plotting calibration curves. All solutions and analytes
were stored in microfuge tubes at 4 °C for less than a week until further
use.

2.7.5. System suitability, limit of detection and limit of quantification
The system suitability test was assessed by three replicates of

standard phenolics at a concentration of 40 μg/ml. The peak areas were
used to evaluate repeatability of the method and analyzed for resolution
and tailing factors. Signal: noise ratios of 3.3 and 10 were used for
estimating the limit of detection (LOD) and limit of quantification
(LOQ), respectively.

2.8. Antioxidant capacity

2.8.1. DPPH radical scavenging assay
The plant extracts were assessed for their antioxidant activities as a

degree of radical scavengers using 1,1-diphenyl-2-picrylhydrazyl
(DPPH) in 100 ml of chilled methanol [20]. One hundred microliters
(100 µl) of plant extract were reacted with 2.9 ml DPPH solution. The
reaction suspension were shaken and kept in dark for 30 min after
which the absorbance was measured at 517 nm.

2.8.2. Ferric reducing antioxidant power (FRAP) assay
The assay was performed for different parts using method described

by Benzie and Strain [21]. The absorbance was read at 595 nm after
15 min dark incubation at 37 °C.

2.8.3. ABTS radical cation scavenging assay
A modified ABTS [2, 2′-azino-bis (3-ethylbenzothiazoline-6-sul-

phonic acid)] radical cation decolorization assay [22] was used to
analyze the antioxidant activity of the various parts of S. chinensis. The
ABTS reagent was diluted in 1:10 ratio using methanol which gives
1.1± 0.02 absorbance at 734 nm. Using methanol as a blank, ABTS
antioxidant activity was measured at 734 nm.

2.8.4. DMPD radical cation decolorization assay
An improved decolorization assay was performed to evaluate the

antioxidant capacity of different plant parts by using N,N-dimethyl-p-
phenylenediamine (DMPD) [23]. Plant extract (100 µl) was allowed to
react with 2 ml of DMPD reagent in presence of 0.9 ml distilled water.
After 15 min dark incubation the absorbance were measured at 505 nm.

For analysis of antioxidant capacity, different concentrations of as-
corbic acid and trolox (mg/ml) were used as reference standards.
Results were expressed as micromole (µM) of ascorbic acid and trolox
equivalent antioxidant capacity (AEAC/TEAC).

2.9. Mineral profile

Different parts of S. chinensis (root, stem, leaves, fruit and seeds)
were separated and dried in the shade and ground to a fine powder. The
acid digestion process and measurement of contents of inpartic ele-
ments was carried out according to methods described previously
[24,25]. The content of the elements were expressed as mg/g DW.

2.10. GC-MS analysis of phytoconstituents

2.10.1. Sample preparation
The extraction was performed using previously described method

[26] with little modification. Ten grams dried powder of plant material
was subjected for extraction of phytochemicals by using soxhlet ex-
tractor. Uniform plant material was placed into a thimble and extracted
with 100 ml of ethyl acetate. The polarity of ethyl acetate was elevated
by addition of 1 ml of conc. HCl. The process of extraction continued for
3 h with constant temperature (77 °C). Finally, the volume of the fil-
tered extract was adjusted to 100 ml and stored in refrigerator at 4 °C
for less than a week until further use.

2.10.2. Chromatographic conditions
GC-MS analysis was carried out using Shimadzu model QP-2010

with a nonpolar 60 M RTX 5MS column. Helium was used as the carrier
gas and the temperature programming was set with initial oven tem-
perature at 40 °C and held for 3 min and the final temperature of oven
was 480 °C with rate at 10 °C. Two microliters (2 µl) sample was in-
jected using a split less mode. Mass spectra was recorded over
35–650 amu range with electron impact ionization energy 70 eV. The
total running time for a sample was 45 min. Relative quantitative de-
terminations were made by relating respective peak areas to total ion
chromatogram (TIC).

2.10.3. Identification of compounds
Unknown components compared with known mass spectra of

National Institute of Standards (NIST) for molecular identification of
compounds. Name, molecular weight, retention time and peak area
percentage of the test material was tentatively ascertained.

2.11. Statistical analysis

Statistical analysis was performed using the statistical software
GraphPad Prism evaluation version. Data was reported as means±
standard deviation (SD). Significant differences between means were
determined using repeated measure one-way ANOVA at P< 0.05 with
GraphPad, Software, Ver. 3.06. The chromatographic profiles of all
extracts were analyzed using built in Shimadzu LC Solution software
(Version 1.25). The principal component analysis (PCA) performed was
based on (i) total polyphenols (TPC and TFC); (ii) antioxidant activities
(DPPH, FRAP, DMPD and ABTS) and (iii) HPLC analysis.
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3. Results and discussion

3.1. Preliminary phytochemical screening

Investigation on the preliminary qualitative phytochemical
screening of various extracts of S. chinensis revealed the presence of
diverse groups of metabolites such as proteins, carbohydrates, phenols,
tannins, flavonoids, saponins, glycosides, steroids, terpenoids and al-
kaloids (Table 1). It is well documented fact that the presence of these
chemicals is associated with various medicinal properties [27]. In this
study, methanolic extract of root and leaves of S. chinensis were found
to be chief source of major phytochemicals. Terpenoids, a pharma-
ceutically important group, are present in all the parts of S. chinensis
irrespective of solvent system (Table 1). Most interestingly, proteins
and carbohydrates were soluble in chloroform and distilled water and
associated mainly with fruit pulp and seeds. Their presence might be
the possible cause for edible nature of the fruits of S. chinensis. Simi-
larly, carbohydrates are the major ingredients of Cola parchycarpa, C.
lepidota fruits [12].

3.2. Total phenolics and flavonoids

Various parts of S. chinensis viz. root, stem, leaf, fruit pulp and seeds
were analyzed for their total phenolic and flavonoid contents using
different extraction techniques. The extraction conditions certainly af-
fected extraction efficiency of TPC and TFC (Table 2). Among the ex-
traction techniques employed, SBAE with minimum exposure time
(10 min) was found with superior extractabilities followed by the MAE
(10 min) and CSE (360 min). So, it can be depicted that the extraction
conditions could affect the yield of the polyphenols. Similarly, extrac-
tion method alters the levels of polyphenols in medicinal plant Clin-
acanthus nutans [28] and so as in every other species. The phenolic
content ranges from 0.03± 00 to 46.02±2.30 mg GAE/g and
0.46±0.02 to 48.57± 2.42 mg TAE/g DW. The phenolic hierarchy
among different plant parts studied was observed to be as root>
stem> leaves> fruit pulp> seeds. In the present study, it was ob-
served that the roots are the major source of polyphenols as compared
with other plant parts. The maximum yield of phenolics from roots
(46.02±2.30 mg GAE/g and 48.57± 2.42 mg TAE/g DW) was ob-
tained by SBAE with 10 min of exposure time (Table 2). The stem and
leaves also showed the significant contents; however fruit pulp and
seeds were found to be poor source of polyphenols.

TFC among different parts of S. chinensis is presented in Table 2. The
scenario for TFC among different plant parts studied are as root>
stem> leaves> fruit pulp> seeds, as observed for TPC. TFC content
ranged from 1.28±0.06 to 35.26±1.61 QE/g and 1.17± 0.06 to
51.60± 2.58 EAE/g DW among different parts of S. chinensis. SBAE
yields the higher amount of TFC at minimum exposure (10 min), as
observed for TPC as well. Among various plant parts assessed, roots
showed the highest values of TFC at 10 min exposure to SBAE
(32.26±1.61 mg QE/g and 51.60± 2.58 mg EAE/g DW) (Table 2).
The plant parts like fruit pulp and seeds were observed with less TFC
values compared to the other plant parts.

In the present study, plant part and method of extraction were found
to be the most important factors in extraction optimization, however
time of extraction least affected variation of yield of TPC as well as TFC.
Recently, similar observations were made for Clinacanthus nutans [28]
and Achyranthes aspera [29]. It can be noted that, TPC and TFC content
in the studied plant parts differ significantly from each other and the
contents of TPC, and TFC was higher in roots than other plant parts.

3.3. Identification and quantification of major phenolic acids by RP-HPLC-
DAD

The major phenolic acids in various parts of S. chinensis were
identified by RP-HPLC-DAD analysis (Fig. 1). The major peaks

identified by comparison with authentic standards. Seven different
phenolic acids including gallic acid, catechol, hydroxy benzoic acid,
caffeic acid, vanilin, ferulic acid and salicylic acids were detected in
various parts of S. chinensis. (Table 3, Fig. 1). In the present study, gallic
acid was identified as chief source of polyphenol. It is a naturally
abundant plant phenolic compound known for its consumption benefits
due to antioxidant and free radical scavenging properties [30]. Root
extracts detected with superior phenolic profile with presence of major
phenolic compounds like gallic acid (0.683± 0.03 mg/g), catechol
(0.406±0.02 mg/g), ferulic acid (0.024± 0.01 mg/g) and salicylic
acid (2.438±0.12 mg/g). Salicylic acid, a key cause of several phar-
macological properties [31] was found in the roots of S. chinensis. Ca-
techol is the major source found in the fruit pulp which indicates the
nutritional importance of the fruits. The study confirms the presence of
four key phenolic acids in the roots which may be responsible for its
high antioxidant capacity and proven its medicinal implications. Gallic
acid, caffeic acid and vanilin were detected in leaves of S. chinensis. The
phenolic profile in leaves of S. chinensis was confirmed recently by LC-
ESI-MS/MS analysis [32].

3.4. Antioxidant capacity

In the present investigation, AC of different parts of S. chinensis
assessed by DPPH, FRAP, ABTS and DMPD assays are indicated in
Fig. 2. Moreover, each antioxidant assay was evaluated by using two
reference standards such as trolox and ascorbic acid. DPPH assay is the
most common method to assess the antioxidant capacity of plants.
Fig. 2A shows the DPPH radical scavenging capacity of different parts of
S. chinensis. The DPPH capacity of the different plant parts ranged from
165.75±8.29 to 997.42±47.05 µM TEAC and 147.23± 7.36 to
798.03±37.64 µM AEAC. Among the various extraction methods
employed, SBAE, with 10 min exposure, was found most suitable for
extracting compounds with DPPH activity. Under these conditions, the
roots showed the highest DPPH radical scavenging activity
(997.42±47.05 µM TEAC and 798.03±37.64 µM AEAC). Stem and
leaves also bear significant DPPH capacity, however dry fruit pulp and
seeds possesses poor radical scavenging potential. Kishi et al. [33]
isolated various classes of terpenes from S. chinensis and were assessed
for its DPPH radical scavenging activity [33]. Some of these compounds
showed strong DPPH activity.

As shown in Fig. 2B, there is great variation in the ferric reducing
antioxidant power of the different parts of the S. chinensis, ranging from
78.23±3.91 to 745.34± 37.27 µM TEAC and from 56.62±2.83 to
664.28±33.21 µM AEAC. Methanolic stem extract possesses the
comparatively higher values (745.34±37.27 µM TEAC and
664.28±33.23 µM AEAC) at 10 min exposure to steam bath assisted
extraction. Leaves (578.12± 28.91 µM AEAC and 547.23±27.36 µM
TEAC) and roots (510.21± 25.51 µM TEAC and 465.78±23.29 µM
AEAC) also showed the fair amount of electron donation to Fe+++.

In ABTS antioxidation capacity, less exposure to SBAE (10 min) and
CSE (360 min) had shown the significant antioxidation power (Fig. 2C).
The root extract displayed the highest (1112.02± 55.60 µM TEAC and
889.64±44.48 µM AEAC) ABTS radical scavenging capacity. Simi-
larly, the roots of Salacia reticulata also possess strong ABTS activity
[34]. In contrast, ABTS as well as DPPH activity was recorded highest in
leaves of Salacia macrosperma [35]. In present investigation as well, the
leaves of S. chinensis showed the fair amount ABTS antioxidative ca-
pacity (881.02± 44.05 µM TEAC and 740.81±37.04 µM AEAC).

The DMPD assay revealed the variation in extractabilities of the
different methods applied. Various methods like SBAE, UE and MAE with
variable time intervals have been observed to be competent for DMPD
analysis. Overall SBAE was found to be suitable for this antioxidant assay
(Fig. 2D). Crude root extracts showed the highest values of the DMPD
capacity (1567.28±78.36 µM TEAC and 972.48±48.62 µM AEAC) for
SBAE at 10 min exposure time. The fruit pulp and seed extracts were
observed with poor DMPD antioxidant capacity.
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Overall, antioxidation results demonstrated that the root extracts
resemble the highest antioxidation capacity except FRAP assay.
Significant activity was also shown by the leaves while dry fruit pulp
and seed bears the least capacity of antioxidation. In contrast, it was
reported that the fresh fruit pulp of S. chinensis bears good antioxidant
capacity [17]. The steam bath assisted extraction procedure with
10 min exposure was found to be suitable in all the antioxidant assays
studies.

3.5. Mineral composition

In general, fruits are characterized by a high content of potassium
[36]. Similarly, high potassium contents (76.50 mg/g) in S. chinensis
fruits were expected. Moreover, the fine nutritional status and con-
sumption value of fruits of S. chinensis were maintained with higher
contents of nitrogen, nitrate, and sulphur (Table 4). The roots had the
highest ferrous concentration (289.46 mg/g) which was statistically
different from the other parts of the S. chinensis (Table 4). The leaves
presented the highest amount of phosphorous (1.100 mg/g), sodium
(23.50 mg/g), manganese (36.19 mg/g), and molybdenum (0.126 mg/
g). These values were significantly different for the other plant parts.

Similarly, fair amount of sodium content was previously reported for
Salacia senegalensis [25]. Sodium in combination with potassium is in-
volved in maintaining proper acid-base balance and in nerve impulse
transmission in the body [25]. The various parts showed significant
differences in the zinc and copper content, having highest content in
stem. It is noteworthy that zinc is an essential mineral for the meta-
bolism of carbohydrates, lipids and proteins [36]. In case of S. chinensis
seeds acquire its regeneration capacity by means of fair contents of
macro and microelements.

3.6. Identification of phytoconstituents by GC-MS

The researchers report successful extraction, detection and tentative
identification of a series of compounds extracted from various parts of
S. chinensis (Table 5, Fig. 3). In this study the researchers propose the
identification of 32 different compounds in S. chinensis. Root and fruit
pulp extracts contains maximum number of compounds. Utmost plant
parts (except fruit pulp) showed the presence of ethyl.alpha.-d-gluco-
pyranoside which is known to possess antituberculous, antioxidant and
anticonvulsant activity [37]. Roots showed the presence of compounds
like Ethyl α-d-glucopyranoside (23.11%), tetracosane (13.83%),

Table 2
Total phenolic and flavonoid content among various parts of S. Chinensis with respect to different extraction methods and extraction durations.

Sr. No. Plant part Extraction method Extraction period (Min.) Total phenolic content Total flavonoid content

(mg GAE/g DW)a (mg TAE/g DW)b (mg QE/g DW)c (mg EAE/g DW)d

1 Root MAE 05 41.25± 2.06 43.54± 2.18 18.41± 0.92 29.45± 1.47
2 10 43.37± 2.17 45.77± 2.28 24.03± 1.20 38.44± 1.92
3 UE 10 39.13± 2.00 41.29± 2.06 22.76± 1.13 36.41± 1.82
4 20 42.75± 2.14 45.12± 2.25 23.97± 1.19 38.34± 1.91
5 SBAE 10 46.02± 2.30 48.57± 2.42 35.26± 1.61 51.60± 2.58
6 20 44.75± 2.23 47.23± 2.36 31.71± 1.58 50.73± 2.53
7 CSE 360 43.37± 2.16 45.78± 2.29 28.49± 1.42 45.58± 2.27
8 720 33.62± 1.68 37.65± 3.38 32.64± 1.78 44.13± 2.21
9 Stem MAE 05 22.41± 1.12 23.65± 1.18 05.85± 0.29 09.35± 0.46
10 10 17.78± 2.17 18.76± 0.93 04.73± 0.23 07.56± 0.37
11 UE 10 19.74± 0.98 20.83± 1.04 05.97± 0.29 09.55± 0.47
12 20 20.25± 1.01 21.27± 1.06 05.44± 0.27 08.69± 0.43
13 SBAE 10 24.80± 1.23 26.17± 1.30 07.60± 0.38 12.15± 0.60
14 20 24.60± 1.23 25.97± 1.29 15.91± 0.79 25.45± 1.27
15 CSE 360 22.11± 1.10 23.34± 1.17 06.83± 0.34 10.92± 0.54
16 720 14.31± 0.72 29.03± 1.45 04.17± 0.21 04.79± 0.24
17 Leaf MAE 05 18.07± 0.90 19.08± 0.95 13.56± 0.67 21.68± 1.08
18 10 17.38± 0.86 18.34± 0.91 11.91± 0.59 19.05± 0.95
19 UE 10 16.42± 0.82 17.33± 0.86 12.30± 0.61 19.67± 0.98
20 20 18.26± 0.91 19.27± 0.96 14.41± 0.72 23.05± 1.15
21 SBAE 10 21.44± 1.07 22.63± 1.13 17.67± 0.88 28.27± 1.41
22 20 22.97± 1.15 24.25± 1.21 17.86± 0.89 28.56± 1.42
23 CSE 360 17.64± 0.88 18.62± 0.93 14.97± 0.74 23.95± 1.19
24 720 12.66± 0.63 25.72± 1.19 17.32± 0.87 21.23± 1.06
25 Fruit Pulp MAE 05 05.81± 0.29 06.13± 0.30 03.24± 0.16 05.18± 0.25
26 10 06.18± 0.31 06.52± 0.32 03.64± 0.18 05.81± 0.29
27 UE 10 05.41± 0.27 05.71± 0.28 04.49± 0.22 07.18± 0.35
28 20 05.93± 0.29 06.26± 0.31 04.32± 0.21 06.90± 0.34
29 SBAE 10 07.59± 0.38 08.00± 0.40 05.92± 0.29 09.46± 0.47
30 20 06.93± 0.35 07.30± 0.36 05.52± 0.27 08.82± 0.44
31 CSE 360 05.53± 0.27 05.84± 0.29 06.75± 0.33 10.79± 0.53
32 720 01.37± 0.07 03.14± 0.16 02.03± 0.10 02.12± 0.11
33 Seed MAE 05 05.14± 0.26 05.42± 0.27 03.44± 0.17 05.49± 0.27
34 10 04.75± 0.24 05.01± 0.25 02.88± 0.14 04.61± 0.23
35 UE 10 04.19± 0.21 04.42± 0.22 02.76± 0.13 04.41± 0.22
36 20 04.23± 0.21 04.45± 0.22 03.87± 0.19 06.18± 0.30
37 SBAE 10 05.01± 0.25 05.28± 0.26 06.26± 0.31 10.01± 0.50
38 20 05.17± 0.26 05.45± 0.27 03.17± 0.15 05.07± 0.25
39 CSE 360 04.91± 0.24 05.18± 0.26 07.67± 0.38 12.26± 0.61
40 720 00.03± 0.00 00.46± 0.02 01.28± 0.06 01.17± 0.06

Measurements are mean± SD of three parallel determinations and expressed as
a gallic acid.
b tannic acid.
c quercetin.
d ellagic acid equivalent per gram dry weight.
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pentacosane (29.47%). Stem also revealed the presence of compounds
like ethyl.beta.-d-riboside (33.72%), benzene, 1,2-dimethyl (12.38%)
and ethyl.alpha.-d-glucopyranoside (8.87%) and glycisodic compounds
D-Mannitol, 1,4-anhydro (4.07%). Leaf profile revealed the presence of
fatty acid compounds like propanol, 2,3-dihydroxy (27.88%), ethy-
l.alpha.-d-glucopyranoside (22.76%) and 3,7,11,15-tetramethyl-2-hex-
adecen-1-ol (17.49%). Fruit pulp bears propanol, 2, 3-dihydroxy
(26.43%) with sugars like L-glucose (11.78%) and sorbitol (23.65%)
which might be responsible for the edible nature of fruits. GC-MS
analysis was performed for Salacia oblonga with detection of 16 com-
pounds from roots and aerial parts [26].

3.7. Statistical analysis

The significance test for the data obtained from the experiments
performed were subjected to one way analysis of variance (ANOVA)
using Tukey test for TPC, TFC and antioxidant capacity of all samples
tested for S. chinensis. The results obtained at p< 0.05 were interpreted
as significant. Table 6 represents the result of one way ANOVA using
Tukey test. The result also interprets comparison within the group and
between the groups studied. The data obtained from the present study
was grouped into three different components for statistical analysis (i)
total polyphenols (TPC and TFC); (ii) antioxidant activities (DPPH,
FRAP, DMPD and ABTS) and (iii) HPLC analysis. Synchrony and equity

Fig. 1. RP-HPLC-DAD profiles of phenolic acids and related compounds from various parts of S. chinensis. A: Standards (100 ppm), B: Root, C: Stem, D: Leaf, E: Fruit pulp and F: Seed.
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Table 3
RP-HPLC-DAD profile of phenolic acids (mg/g DW) found in the different parts of S. chinensis.

Sr. No. Compound LOD (µg/ml) LOQ (µg/ml) Plant part

Root Stem Leaf Fruit pulp Seed

1. Gallic acid 0.154 0.467 0.683± 0.034 0.498±0.025 0.584± 0.029 0.443± 0.022 0.451±0.023
2. Catechol 0.139 0.420 0.406± 0.020 0.517±0.026 nd 0.397± 0.020 nd
3. Hydroxy Benzoic acid 0.089 0.268 nd 0.181±0.009 nd nd nd
4. Caffeic acid 0.140 0.424 nd nd 0.228± 0.011 nd nd
5. Syringic acid 0.126 0.383 nd nd nd nd nd
6. Vanilin 0.095 0.288 nd nd 0.053± 0.003 nd 0.131±0.007
7. Ferulic acid 0.156 0.350 0.024± 0.001 0.079±0.004 nd nd nd
8. Salicylic acid 0.152 0.462 2.438± 0.122 nd nd nd nd
9. Cumarin 0.087 0.262 nd nd nd nd nd
10. Total Phenolics – – 3.551± 0.177 1.275±0.064 0.865± 0.043 0.840± 0.042 0.582±0.030

(mean± standard deviation; n = 3); nd: not detected.

Fig. 2. Antioxidant capacities of various
parts of S. chinensis. A: DPPH, B: FRAP, C:
ABTS, D: DMPD assay.
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in the data was maintained by conversion in milligram per gram dried
plant tissue (mg/g). In PCA the data is reduced to a set of new latent
variables called principal components (PCs). The loadings of the PC

define the direction of greatest variability and the score values re-
present the projection of each object onto PC. Fig. 4A-C depicts den-
drogram obtained from data collected from three different phyto-
chemical parameters. Herein, the samples can be divided into four
major clades. PCA of results obtained from polyphenol contents showed
distribution of species in the positive x and y axis with exception of fruit
pulp and seeds (Fig. 4A), might be due to the poor contents of poly-
phenol (Table 2).

4. Conclusions

In conclusion, different parts of S. chinensis evaluated for the ex-
traction of total phenolics, flavonoids and antioxidants by using various
extraction techniques and the results indicated the steam bath assisted
extraction technique was most efficient as compared to other extraction
techniques. Steam bath assisted extraction for 10 min yielded sig-
nificant results over other methods for various parts of S. chinensis. The
roots were identified as good source for secondary metabolites.
Chromatic techniques (RP-HPLC-DAD and GC-MS) confirmed presence
of bioactive phenolic acids and thirty-two different phytoconstituents in
various parts of S. chinensis. Moreover, mineral analysis validates the
rich inpartic status of the plant. The information generated about the
mineral minerals, secondary metabolite and antioxidants of S. chinensis

Table 4
Mineral composition of various parts of S. chinensis.

Sr. No. Parameters Mineral content (mg/g DW)

Root Stem Leaf Fruit pulp Seeds

1. Nitrogen 16.20 17.30 17.90 21.80 11.70
2. Nitrate N 0.560 0.570 0.550 0.570 0.460
3. Phosphorus 0.460 0.430 1.100 0.580 0.780
4. Potassium 16.00 26.00 67.00 76.50 41.00
5. Calcium 34.00 16.00 29.50 29.00 21.00
6. Magnesium 0.006 0.004 0.015 0.001 0.002
7. Sulphur 1.000 1.200 1.200 1.500 1.100
8. Sodium 7.500 5.000 23.50 10.50 4.500
9. Zinc 3.784 11.30 pc pc pc
10. Ferrous 289.46 89.17 59.25 22.26 24.16
11. Copper 17.132 31.62 6.710 2.542 2.558
12 Manganese 9.342 6.818 36.19 Pc Pc
13. Molybdenum 0.120 0.124 0.126 0.082 0.100
14. Boron 3.206 1.466 1.874 1.644 1.220

pc: poor content.

Table 5
Identification of phytochemicals in various parts of S. chinensis by GC–MS.

Sr. No. Name of Compound RT (min.) Peak Area Area (%) Plant part

1 1,2,3- Propanetriol, monoacetate 11.545 14573547 04.88 FP
2 1,2-Benzenedicarboxylic acid, bis 39.712 182718 17.86 R

(2-methylpropyl) ester
3 1,3- Dioxane, 4-methyl- 12.790 4966087 01.66 FP
4 1,3- Dioxolane, 2,4,5- trimethyl-$$ 13.911 6519588 02.18 FP
5 1-Butanol, 3-methyl-, acetate 11.616 176549 03.74 ST

11.615 81135 03.57 S
6 2-Furancarboxaldehyde, 5-(hydroxymethyl) 23.793 29399 02.62 S
7 2-Furancarboxaldehyde, 5-methyl- 22.206 319252 14.06 S
8 3,7,11,15-Tetramethyl-2-hexadecen-1-ol $$ 38.857 55258 17.49 L
9 3-Deoxy-d-mannoic lactone 16.334 12207552 04.09 FP
10 4H-Pyran-4-one, 2,3- dihydro-3,5-dihydroxy -6-methyl 10.114 3622714 01.21 FP
11 5-Oxotetrahydrofuran-2- carboxylic acid 11.074 2248963 00.75 FP
12 Acetic acid, 2-methylpropyl ester 08.264 249978 05.30 ST

08.264 142396 06.27 S
13 Benzene, 1,2-dimethyl- 12.405 584006 12.38 ST

12.276 38790 12.28 L
14 Benzeneacetic acid,.alpha.,4-dihydroxy-3-methoxy- $$ Mandelic acid, 4-hydroxy-3-methoxy- $$ (4-Hydroxy-3-

metho
35.606 122371 02.59 ST

15 Beta-d-Ribopyranoside, methyl, 3-acetate $$ 31.263 310134 06.58 ST
16 Butanedioic acid, hydroxy-, diethyl ester, (.+/-.)- $$ Diethyl dl-malate $$ Ethyl dl-malate $$ Butanedioic acid,

hydroxy
23.755 22447 02.19 R

17 Dibutyl phthalate 41.574 27760 08.79 L
18 Dibutyl phthalate $$ 1,2-Benzenedicarboxylic acid, dibutyl ester $$ Phthalic acid, dibutyl ester $$ n-Butyl phthalate 41.631 249332 05.29 ST
19 D-Mannitol, 1,4-anhydro- 33.680 191762 04.07 ST
20 Ethyl.alpha.-d-glucopyranoside $$ 37.150 236450 23.11 R

37.260 418505 08.87 ST
37.201 71904 22.76 L
37.319 1232724 54.27 S

21 Ethyl.beta.-d-riboside $$ 27.472 108149 10.57 R
27.504 1590414 33.72 ST

22 Heptanoic acid, 6-oxo-$$ 12.315 12024118 04.03 FP
23 L-Glucose 17.284 35174302 11.78 FP
24 n-Hexadecanoic acid $$ Hexadecanoic acid $$ n-Hexadecoic acid $$ Palmitic acid $$ Pentadecanecarboxylic acid 41.309 88068 27.88 L
25 Octadecanoic acid, ethyl ester 41.920 34117 10.80 L
26 Pentacosane 45.211 301486 29.47 R
27 Propanoic acid, 3- (acetylthio)-2-methyl 12.037 23686766 07.93 FP
28 Propanol, 2, 3-dihydroxy-$$.alpha.,. beta.- dihydroxypropion-aldehyde $$ DL-GLYC $$ DLG $$ Glyceraldehydes $$

Glyceric Aldehyde
09.552 78956209 26.43 FP

29 p-Xylene 12.408 422856 18.62 S
30 Sorbitol 19.209 70642184 23.65 FP
31 Tetracosane 41.155 141461 13.83 R
32 Xanthosine $$.beta.-D-Ribofuranoside, Xanthine-9 $$ Xanthine riboside $$ 1H-Purine-2, 6- dione, 3,9- dihydro-9-

beta.- D-ribofuranosyl- $$
14.533 34091613 11.41 FP

R: Root, ST: Stem, L: Leaf, FP: Fruit Pulp, S: Seed.
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Fig. 3. GC-MS total ion chromatograms (TIC) of various parts
of S. chinensis. A: Root, B: Stem, C: Fruit pulp, D: Seed.

Table 6
One way analysis of variance (ANOVA) with post test done using Tukey test for the results obtained from each experiment.

Experiments Degree of freedom Sum of squares Mean square F

Treatments Residuals Treatments Residuals Treatments Residuals

TPC-TA 25 52 11693 359.09 467.72 6.91 67.73
TPC-GA 25 52 11282 305.52 451.28 5.88 76.81
TFC-QE 25 52 6964.1 278.57 127.43 2.45 113.67
TFC-EA 25 52 16009 301.52 640.36 5.79 110.44
DPPH-AEAC 25 52 2233906 99288 89356 1909.40 46.80
DPPH-TEAC 25 52 3653521 150497 146141 2894.20 50.50
FRAP-AEAC 25 52 742698 74035 29708 1423.50 20.87
FRAP-TEAC 25 52 812581 93784 32503 1803.5 18.02
ABTS-AEAC 25 52 4278771 105566 171151 2030.10 84.31
ABTS-TEAC 25 52 6517459 159602 260698 3069.30 84.94
DMPD-AEAC 25 52 4625649 117452 185026 2258.70 81.92
DMPD-TEAC 25 52 1.077E+07 358110 430932 6886.70 62.57

Treatment: Within the group; Residual: Between the groups.
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fruits may increase the awareness about this underutilized fruit among
the users. The present investigation opens an avenue for further re-
search on importance (nutritive, medicinal, etc.) and role (biosynthesis,
accumulation etc.) of identified bioactive compounds.
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