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Abstract Medicinal importance of Embelia ribes Burm f.

is known since ancient time. Its berries are the main

ingredient in Vidanga’ or ‘Baibidanga’—a component of

ayurvedic formulations and possess medicinal properties

such as antihelmintic, anticancer, neuroprotective and

antidiabetic. Studies were conducted on phytochemicals,

antioxidant activities, extraction efficiency of embelin from

ten genotypes. Methanolic extract of berries from Naga-

velli accession exhibited the highest total phenolic content

(18.18 ± 0.14 mg GAE/g DW); whereas, ethanolic extract

showed highest total flavonoid content (8.35 ± 0.20 mg

RE/g DW). The antioxidant activities (AOA) were assessed

and noted that ethanolic and methanolic extracts of berries

from Nagavelli (NAG) accession revealed highest activi-

ties in terms of DPPH radical scavenging activity

(67.48 ± 0.17%) and FRAP (66.73 ± 0.60 mg Fe(II)/g

DW), respectively. In AOA analysis, berries extracted with

different solvents were positively correlated with TPC.

Principal component analysis revealed TPC and TFC were

the most influencing components for strong antioxidant

activities in E. ribes. Reverse phase high performance

liquid chromatography (RP-HPLC) was used to quantify

embelin content and its optimize extraction using various

methods. In the preliminary studies, berries from NAG

accession revealed highest (1.770%) embelin content.

Further, berries from NAG accession were subjected to

various extraction methods and found three fold increase

(5.08%) in embelin content in microwave assisted extrac-

tion (90 s). Present study suggested that NAG accession

found to be a promising source of natural antioxidants and

embelin that can be used in pharmaceutical industries.

Keywords Embelia ribes � Embelin � RP-HPLC �
Antioxidant � Total phenolic content � Total alkaloid

content

Introduction

Genus Embelia belongs to family Primulaceae consist of

about 130 species (Angiosperm Phylogeny Group IV

2016). Embelia ribes Burm. f. found in semi-evergreen to

evergreen forests of India at altitudes above 400–1200 m.

It is reported to be vulnerable and red-listed species in

Western Ghats of India (Ravikumar and Ved 2000; Raja-

shekaran 2001; Mhaskar et al. 2011). E. ribes possess

various medicinal properties such as analgesic, antitumor,

anti-inflammatory, antidiabetic, anticancer, antihelmintic,

anit-obese, antioxidant, and neuroprotective. It is also used

against brain disorders, sore throat, fungal infections and to

support the digestive functions (Chitra et al. 1994; Bhan-

dari et al. 2002; Xu et al. 2005; Vinutha et al. 2007; Ansari

et al. 2008; Ansari and Bhandari 2008, 2009; Singh et al.

2009; Choudhary et al. 2012; Sharanbasappa et al. 2017).

E. ribes is considered as promising target in generating

novel drugs (Souravi and Rajasekharan 2014). Berries of E.
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ribes have been recognized for the marker compound

called embelin (Soumya et al. 2011). Embelin is reported to

be non-peptidic, cell-permeable, XIAP inhibitory and rep-

resents an entirely new anticancer agent that targets the

BIR3 domain of XIAP (Nikolovska et al. 2004). Embelin

and its derivatives act as a PKC inhibitor, antiplatelet,

antidiabetic and antithromobotic. It also used in the treat-

ment associated with several neurodegenerative disorders

(Jiun et al. 2019; Xiaole et al. 2020; Francesco et al. 2020).

Analysis of embelin from the berries of E. ribes has been

studied using HPLC by previous researchers (Soumya et al.

2011; Nagamani et al. 2013). Extraction of embelin was

dependent on the solvent used and it was found that

recovery was highest in polar solvents compared to non-

polar (Latha 2007).

Very little information is available on the antioxidant

activities and embelin content of the genotypes collected

from the different localities. Therefore, the aim of the

present study was focused on the comparative account of

phytochemicals, antioxidant activities, quantification and

optimized production of embelin content using different

extraction methods from ten genotypes of E. ribes.

Materials and methods

Collection of plant material and sample preparation

Plant materials were collected from the ten different geo-

graphical areas of Western Ghats, India during June to July

2017 (Table 1). Voucher specimens (VVK01 to VVK10)

were deposited in the Herbarium (SUK), Department of

Botany, Shivaji University, Kolhapur, Maharashtra, India.

Further, finely powdered berries from all the accession

were extracted with methanol, ethanol, petroleum ether and

distilled water. One gram of powered berries from each

accession was extracted in 10 ml of 95% of each solvent

for 90 s at 180 W using microwave assisted extraction

separately. The extracts were filtered through a 0.22 lm

nylon filter (Axiva filters), the volume of the extract was

adjusted to 10 ml with each solvent, stored at 4 �C and

used for phytochemicals and antioxidant analysis.

Phytochemical analysis

All the assays for phytochemical and antioxidant analysis

of the extracts were performed in triplicates.

Total phenolic content (TPC)

TPC of the extracts was estimated by using Folin–Ciocal-

teu (Singleton and Rossi 1965). Briefly, 125 ll of extract

was mixed with 1.8 ml of Folin–Ciocalteu reagent and kept

for 5 min at 25 �C. Further, 1.2 ml of 15% Na2CO3 was

added to the reaction mixture and kept for 90 min at room

temperature. The absorbance of the reaction was measured

at 765 nm. The concentration of the TPC was determined

as milligram of gallic acid equivalent per gram dry weight

(mg GAE/g DW) by using an equation obtained from the

calibration curve.

Table 1 Geographical details of ten different accessions of Embelia ribes

Sr.

no.

Localities Voucher

number

Forest type Latitude

(N)

Longitude

(E)

Elevation

(m)

1 Amba, Kolhapur district, Maharashtra (AMB) VVK 01 Semi evergreen 14� 31.4660 074� 33.6910 767.79

2 Bisle Ghats, Border of Hassan and Dakshin kannada

district, Karnataka (BIS)

VVK 02 Semi evergreen 13� 06.6620 075� 29.3020 573.38

3 Charmadi Ghats, Dakshina kannada district, Karnataka

(CHA)

VVK 03 Semi evergreen 16� 28.4480 073� 34.609 895.19

4 Devimane Ghats, Uttara kannada district, Karnataka

(DEV)

VVK 04 Tropical wet

evergreen

14� 31.

2780
074� 33.0660 619

5 Dicholi, Satara district, Maharashtra (DIC) VVK 05 Semi evergreen 17� 26.5520 073� 43.409 710.18

6 Jogfalls, border of Shimoga and Uttar kannada Karnataka

(JOG)

VVK 06 Dense evergreen 16� 40.5590 074� 15.3270 610.81

7 Kogar, Shimoga district, Karnataka (KOG) VVK 07 Dense evergreen 14� 02.8980 074� 43.3960 548.64

8 Koyana, Satara district, Maharashtra (KOY) VVK 08 Semi evergreen 17� 46.5470 073� 42.3660 749.50

9 Nagavelli, Shimoga district, Karnataka (NAG) VVK 09 Semi evergreen 14� 02.

9730
074� 43.2010 541.32

10 Talakaveri, Kodagu district, Karnataka (TAL) VVK 10 Dense evergreen 12� 22.6960 075� 35.116 975.96
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Total flavonoid content (TFC)

TFC was quantified by using the aluminium chloride

method (Chang et al. 2002). The extract (0.5 ml) was

mixed with 1.5 ml methanol, 0.1 ml of 10% aluminium

chloride, 0.1 ml of 1 M potassium acetate and 2.8 ml of

distilled water. The mixture was vortexed and the reaction

was kept at the room temperature for 30 min and absor-

bance of reaction mixture was measured at 415 nm. The

concentration of the TFC was determined as milligram of

rutin equivalent per gram dry weight (mg RE/g DW).

Total alkaloid content (TAC)

TAC of the extracts was measured using 1, 10-phenan-

throline method (Singh et al. 2004). Plant extract (100 ll)

was mixed with 1 ml of 0.05 M of 1, 10- phenanthroline in

ethanol,1 ml of 0.025 M FeCl3 in 0.5 M HCl and volume

was adjusted to 10 ml by adding distilled water. The

reaction mixture was incubated for 30 min in water bath at

70 �C. Above reaction mixture excluding plant extract,

substituted by distilled water served as a blank. The

absorbance was measured at 510 nm against reagent blank.

The concentration of total alkaloid was determined by

milligram colchicine equivalent per gram of dry weight

(mg CE/g DW). All the analyses were performed in

triplicates.

DPPH radical scavenging activity

The DPPH radical scavenging activity of various extracts

of E. ribes were estimated by using modified and stable 2,

2-diphenyl-1-picrylhydrazyl (DPPH) assay (Jagtap et al.

2010). DPPH solution was prepared by dissolving 2.5 mg

of DPPH in 100 ml of chilled methanol. Plant extract

(100 ll) was allowed to react with 3 ml of DPPH solution.

The reaction mixture was vortexed, kept in the dark at

room temperature for 30 min and absorbance was recorded

at 517 nm. A control sample without extract was also

analyzed. Percent inhibition/radical scavenging activity (%

RSA) was calculated using following formula:

RSA %ð Þ ¼ A control�A sample=A control½ � � 100

where A = absorbance at 517 nm.

Ferric reducing antioxidant power assay (FRAP)

FRAP assay was carried out according to method described

by Benzie and Strain (1996) with some modifications.

FRAP reagent formed by assimilation of the acetate buffer

(0.3 M, pH 3.6), 2, 4, 6-tripyridyl-s-triazine (TPTZ,

10 mM)) in 40 mM HCl and FeCl3. 6H2O (20 mM) in

10:1:1 ratio prior to use and heated to 37 �C in water bath

for 10 min. The extracts were allowed to react with 2.7 ml

of the FRAP reagent and the final volume of the reaction

was adjusted to 3 ml with distilled water. Further, reaction

mixture was kept in dark for 30 min and the absorbance

was recorded at 593 nm. The results were expressed as

milligram Fe(II) equivalent per gram dry weight.

Analysis of embelin by RP-HPLC

Preparation of sample and standard solutions

Preliminary screening of embelin content from the berries

of all the genotypes was performed using continuous

shaking extraction method (CSE). Extraction of embelin

was carried using previous methods (Latha 2007; Naga-

mani et al. 2013). One gram of finely ground powered

berries from all the accessions was extracted separately in

10 ml of 95% methanol using CSE at a fixed duration

(110 ± 2 rpm, 360 min at 30 ± 1 �C). Standard embelin

was weighed accurately and dissolved in methanol to

obtain a standard stock solution (mg/ml). The stock solu-

tion was serially diluted to obtain working concentrations

(250–1500 lg/ml) and used to obtain calibration curve (r2

value = 0.99, Supplementary Fig. 1). All the extracts were

filtered through 0.22 lm nylon filter (Axiva filters), con-

densed and adjusted to 10 ml using 95% methanol and

subjected to RP-HPLC analysis.

Chromatographic conditions

RP-HPLC analysis was performed on Jasco Chromato-

graphic system (Model no. LC–2000 Plus) equipped with

quaternary pump, auto sampler and UV detector (UV

2070). The separation was performed using Hiber C18

column (5 lm, 250–4.6 mm). The built-in ChromNAV

software system was used for data processing. Mobile

phase consisting of methanol: water: acetic acid: tetrahy-

drofuran (85: 15: 3: 0.1 v/v/v/v) was used for the separation

with an injection of 20 ll. A flow rate of 2 ml per min was

used with 20 min retention time. Detection of standard and

samples was carried out at 288 nm. The qualitative anal-

yses of embelin from 10 different samples were performed

by comparing their retention time with those of standard.

Identified embelin was confirmed by spiking with known

concentration of respective standard. A calibration curve of

embelin was used for quantification and the values were

expressed in percentage. Prior to RP-HPLC analysis, the

system suitability was assessed by triplicate injections of

standard solutions and extracts. The peak areas of three

independent injections of standard solutions and extracts

were considered to evaluate repeatability of method.
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Optimized extraction of embelin using different

extraction methods

Based on the preliminary experiments, accession with

highest embelin content was used further. Several extrac-

tion techniques employed in the present study were as

follows:

Continuous shaking extraction (CSE)

One gram powder of berries was subjected separately to

CSE using 10 ml of 95% methanol and placed on orbital

shaker (REMI, India) equipped with temperature sensor.

The shaking speed was adjusted to 110 ± 2 rpm at con-

trolled temperature (30 ± 1 �C) for 3, 6, 9 and 12 h.

Soxhlet extraction (SE)

Dried powder of berries (1 g) was put into 100 ml Soxhlet

thimble. The apparatus was fitted with 250 ml round bot-

tom flask containing 100 ml of 95% methanol. The

extraction temperature was controlled at 60 �C with a

regulator. The flask was heated for 120, 180, 240 and

300 min. The solvent was refluxed until a given time was

accomplished.

Ultrasonic extraction (UE)

Ultrasonic extraction was performed on an ultrasonicator

(Revotek, India) at a working frequency of 30 kHz. One

gram of dried powder was extracted with 95% methanol

(10 ml) in 100 ml conical flask. The sonication was done

for 10, 20, 30 and 40 min at room temperature.

Microwave assisted extraction (MAE)

One gram material was put into a 100 ml conical flask and

10 ml of 95% methanol was added to it. These flasks were

exposed for 30, 60, 90 and 120 s in a microwave oven

(Samsung, India) at 180 W and excess boiling was avoided

by cooling at regular interval of 15 s.

All the above extracts were subjected to RP-HPLC

analysis as mentioned earlier.

Statistical analysis

Statistical analysis was performed using the statistical

software SPSS ver. 16.0. Data was reported as mean ± s-

tandard deviation (SD) and subjected to one-way analysis

of variance (ANOVA). Significant differences between

mean values were determined by Duncan’s multiple range

test (p\ 0.05). The Pearson correlation coefficient was

determined among TPC, TFC, TAC, DPPH and FRAP at

p\ 0.01. The Principal Component Analysis (PCA) per-

formed based on phytochemicals (TAC, TPC and TFC) and

antioxidant activities (DPPH and FRAP). PCA analysis

was executed by calculating the eigenvectors and eigen

values from the Eigen program in PAST software ver. 3.01.

Results and discussion

Phytochemical assays

Total phenolic content

The berries from NAG accession showed highest TPC

(18.18 ± 0.14 mg GAE/g DW) in methanolic extract fol-

lowed by KOY[DEV[TAL[ JOG[AMB[
KOG[DIC[CHA[BIS accessions. Among the stud-

ied localities, BIS accession showed lowest TPC

(0.96 ± 0.36 mg GAE/g DW) in the petroleum ether

extract (Table 2). It was also found that methanol was the

best solvent for extraction of phenolic compounds among

all the solvents. Methanolic extract of berries showed

highest TPC followed by ethanol, water and petroleum

ether extracts. These results are in agreement with the

earlier reports with 13.16 ± 0.32 GAE/g DW of TPC from

berries of E. ribes (Shadma and Naheed 2014). In the

present study, we found the influence of different solvent

for the recovery of TPC. Similar results have been reported

in wheat and Salacia chinensis L. (Zhou and Yu 2004;

Chavan et al. 2012). It seems that the TPC differ according

to the plant species and the solvent used for the extraction

(Liu et al. 2007). TPC, TFC and TAC from methanol,

ethanol, petroleum ether and water extracts of E. ribes

berries collected from ten different accessions presented

in Table 2.

Total flavonoid content

Ethanolic extract of berries showed highest TFC followed

by methanol, petroleum ether and water extracts. The

results revealed that berries collected from NAG accession

had the highest amount of TFC (8.35 ± 0.20 mg RE/g

DW) in ethanolic extract, followed by KOY[DEV[
TAL[ JOG[AMB[KOG[DIC[CHA[BIS

accessions. Among the studied accessions, BIS accession

showed lowest TFC (0.23 ± 0.05 mg RE/g DW) in berries

extracted with water (Table 2). In the present study, we

found that ethanol was the most suitable solvent for

extraction of the flavonoids among all the solvents used.

The TFC in berries of E. ribes was higher than bark of E.

ribes as compared to those reported in the literature with

1.35 mg QE/g of TFC (Sulaiman and Balachandran 2012).

Similar kind of results were noted from the fruit pulp of
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Table 2 Averages of TPC, TFC, TAC, DPPH and FRAP from various solvent extract of Embelia ribes berries collected from different localities

Localities Solvent TPCa

mg GAE g-1 DW

TFCb

mg RE g-1 DW

TACc

mg CE g-1 DW

DPPH

% inhibition

FRAPd

mg Fe(II)E g-1 DW

Amba (AMB) Methanol 13.13 ± 0.30a 4.84 ± 0.03b 10.44 ± 0.34a 38.27 ± 1.37b 45.07 ± 0.72a

Ethanol 11.87 ± 0.22b 5.92 ± 0.03a 8.66 ± 0.16b 49.46 ± 0.17a 42.34 ± 0.96b

Pet. ether 2.71 ± 0.16d 2.45 ± 0.14c 6.00 ± 0.16d 3.94 ± 0.28c 10.09 ± 0.21d

Water 10.52 ± 0.08c 1.00 ± 0.11d 8.00 ± 0.19c 4.83 ± 0.79c 27.67 ± 0.10c

Bisle Ghats (BIS) Methanol 8.14 ± 0.63a 2.52 ± 0.05b 6.72 ± 0.19a 29.80 ± 0.13b 29.24 ± 0.10a

Ethanol 7.22 ± 0.36b 3.58 ± 0.10a 5.77 ± 0.09b 43.17 ± 0.15a 26.62 ± 0.72b

Pet. ether 0.96 ± 0.36c 1.01 ± 0.06c 3.83 ± 0.33d 0.54 ± 0.34d 8.42 ± 0.21d

Water 6.98 ± 0.14b 0.23 ± 0.05d 4.77 ± 0.09c 1.43 ± 0.30c 18.34 ± 0.10c

Charmadi Ghats (CHA) Methanol 9.35 ± 0.08a 3.39 ± 0.08b 7.83 ± 0.16a 31.91 ± 1.23b 37.98 ± 1.16a

Ethanol 8.00 ± 0.38b 4.17 ± 0.10a 6.00 ± 0.16b 45.29 ± 0.35a 32.70 ± 1.66b

Pet. ether 1.11 ± 0.25c 1.68 ± 0.29c 4.88 ± 0.25c 0.98 ± 0.38c 8.63 ± 0.06d

Water 7.51 ± 0.22b 0.43 ± 0.08d 5.83 ± 0.16b 2.02 ± 0.41c 19.56 ± 0.60c

Devimane Ghats (DEV) Methanol 15.51 ± 0.22a 6.11 ± 0.05b 13.16 ± 0.57a 54.80 ± 0.27b 57.07 ± 1.58a

Ethanol 13.23 ± 0.29b 6.84 ± 0.03a 11.94 ± 0.09b 60.62 ± 0.61a 51.78 ± 1.58b

Pet. ether 3.58 ± 0.22c 3.64 ± 0.23c 8.77 ± 0.09d 8.68 ± 0.31d 12.19 ± 0.39d

Water 12.84 ± 0.36b 2.19 ± 0.12d 10.22 ± 0.16c 11.82 ± 1.39c 34.62 ± 0.16c

Dicholi (DIC) Methanol 11.15 ± 0.30a 3.72 ± 0.03b 8.77 ± 0.19a 34.24 ± 1.14b 38.33 ± 0.21a

Ethanol 9.55 ± 0.58b 4.86 ± 0.34a 6.89 ± 0.33c 46.11 ± 0.27a 36.89 ± 0.96b

Pet. ether 1.60 ± 0.29d 2.01 ± 0.14c 5.11 ± 0.09d 1.78 ± 0.10c 9.08 ± 0.26d

Water 8.77 ± 0.22c 0.66 ± 0.06d 6.05 ± 0.25b 2.61 ± 0.30c 20.40 ± 0.60c

Jogfalls (JOG) Methanol 13.67 ± 0.43a 5.09 ± 0.30b 11.16 ± 0.16a 40.60 ± 0.48b 48.04 ± 0.06a

Ethanol 12.07 ± 0.38b 6.13 ± 0.16a 9.33 ± 0.16b 50.97 ± 0.23a 44.65 ± 0.62b

Pet. ether 2.90 ± 0.43c 2.74 ± 0.12c 7.05 ± 0.09d 6.71 ± 0.46c 11.28 ± 0.16d

Water 11.49 ± 0.14b 1.52 ± 0.11d 8.83 ± 0.16c 7.12 ± 0.59c 31.27 ± 0.06c

Kogar (KOG) Methanol 12.12 ± 0.74a 4.17 ± 0.05b 9.72 ± 0.19a 37.22 ± 0.47b 44.23 ± 0.96a

Ethanol 10.76 ± 0.38b 5.68 ± 0.12a 7.66 ± 0.19b 47.34 ± 0.11a 41.75 ± 0.24b

Pet. ether 2.42 ± 0.30c 2.23 ± 0.17c 5.94 ± 0.25d 2.70 ± 0.10c 9.74 ± 0.10d

Water 9.98 ± 0.16b 0.80 ± 0.12d 6.50 ± 0.16c 3.19 ± 0.74c 25.01 ± 0.60c

Koyana (KOY) Methanol 17.16 ± 0.14a 6.98 ± 0.08a 13.88 ± 0.28a 60.43 ± 1.31a 62.47 ± 0.96a

Ethanol 14.15 ± 0.22b 7.00 ± 0.05a 12.27 ± 0.34b 64.34 ± 0.05a 58.49 ± 0.62b

Pet. ether 3.87 ± 0.16d 4.19 ± 0.12b 9.50 ± 0.16d 9.48 ± 4.34b 12.92 ± 0.21d

Water 13.52 ± 0.29c 2.80 ± 0.06c 10.77 ± 0.09c 13.33 ± 1.87b 35.95 ± 0.27c

Nagavelli (NAG) Methanol 18.18 ± 0.14a 7.98 ± 0.14b 14.38 ± 0.82a 65.28 ± 0.58b 66.73 ± 0.60a

Ethanol 15.32 ± 3.20bc 8.35 ± 0.20a 13.95 ± 0.57a 67.48 ± 0.17a 64.36 ± 0.36b

Pet. ether 4.75 ± 0.44d 5.03 ± 0.20c 10.94 ± 2.21b 10.65 ± 0.46c 14.11 ± 0.16d

Water 14.06 ± 0.83c 3.37 ± 0.08d 11.22 ± 1.34b 14.44 ± 0.41d 37.98 ± 0.16c

Talakaveri (TAL) Methanol 14.25 ± 0.25a 5.76 ± 0.10b 12.00 ± 0.16a 41.8 ± 0.68b 53.45 ± 0.62a

Ethanol 12.60 ± 0.65b 6.47 ± 0.05a 10.38 ± 0.19b 57.05 ± 0.37a 46.75 ± 0.36b

Pet. ether 3.05 ± 0.29c 3.07 ± 0.08c 7.50 ± 0.16d 7.94 ± 0.18c 11.98 ± 0.36d

Water 12.02 ± 0.08b 1.84 ± 0.06d 9.66 ± 0.16c 9.07 ± 0.69c 33.29 ± 0.12c

Values are mean of three parallel experiments (mean ± SD)

The superscripts with different letters indicate significantly different values (Duncan multiple rang test, PB B 0.05)
aGallic acid equivalent per gram dry weight
bRutin equivalent per gram dry weight
cColchicine equivalent per gram dry weight
dFeSO4 equivalent per gram dry weight
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Salacia chinensis L. extracted with different solvents

(Chavan et al. 2012).

Total alkaloid content

Variation in TAC was observed in berries of E. ribes from

different accessions. The results revealed that berries col-

lected from NAG accession have the highest amount of

TAC (14.38 ± 0.82 mg CE/g DW) in methanolic extract,

followed by KOY[DEV[TAL[ JOG[AMB[
KOG[DIC[CHA[BIS accessions (Table 2). Among

the studied accessions, BIS accession showed lowest TAC

(3.83 ± 0.33 mg CE/g DW) in petroleum ether extract. It

was also seen that methanol found to be the best solvent for

extraction of the alkaloid among all the solvents.

Methanolic extract of berries showed higher TAC followed

by ethanol, water and petroleum ether extracts. Our finding

revealed TAC was depend on the solvent used. The TAC

was found to maximum in methanolic extract of Urginea

wightii and U. indica with 3.101 ± 0.056 and

2.897 ± 0.319 lg/ml of TAC as compared to petroleum

ether extract (Raj et al. 2017). Similar results for TAC in

different plant parts of Anogeissus latifolia have been

reported by Patil and Gaikwad (2011).

DPPH radical scavenging activity

DPPH radical scavenging activity of different solvent

extracts of E. ribes berries from ten different accessions are

shown in Table 2. Ethanolic extract of berries from NAG

accession exhibited considerably higher DPPH radical

scavenging activity (67.48 ± 0.17%) compared to other

extracts. This trend was similar to that of TFC. Lowest

DPPH radical scavenging activity was found in petroleum

ether extract of berries (0.54 ± 0.34%) from the BIS

accession. It was observed that highest antioxidant activity

was reported in ethanolic extract of E. ribes berries among

all the solvents used. Similar results for DPPH radical

scavenging activity with 71.67 ± 0.81 and 69.57 ± 0.71%

inhibition was observed in berries of E. ribes (Neelam et al.

2011; Shadma and Naheed 2014).

Ferric reducing antioxidant power assay (FRAP)

FRAP radical-scavenging activity of E. ribes berries from

ten different accessions are shown in Table 2. The highest

FRAP activity was observed in methanolic extract of ber-

ries form NAG accession with 66.73 ± 0.60 mg Fe(II)/g

DW as compared to ethanol, water and petroleum ether

extracts. Lowest FRAP activity was found in petroleum

ether extract of berries with 8.42 ± 0.21 mg Fe(II)/g DW

from BIS accession. Similar results for FRAP assay have

been reported with 422 ± 2.15 and 398 ± 2.16 mM

Fe(II)/g DW from the berries of E. ribes (Neelam et al.

2011; Shadma and Naheed 2014). Overall, NAG accession

accounted with the higher value of antioxidant activities.

The correlation analysis showed strong positive corre-

lation between TPC and FRAP with r-value 0.939 followed

by TFC and DPPH i.e. 0.909 (Table 3). Correlation

between TPC X FRAP and TFC X DPPH indicated r values

greater than 0.9 (p\ 0.01). TPC and TFC present in the

berries were responsible for the strongest antioxidant

activities (DPPH and FRAP). Many workers have been

correlated the antioxidant activities of the plant extract

with the total phenolic content (Shan et al. 2005; Cai et al.

2006; Li et al. 2008). The phytochemicals such as total

phenolics and flavonoids have shown very high association

with dietary antioxidants (Singh et al. 2018). In the present

study positive correlation was found between the TPC and

AOA in all the localities of E. ribes.

Principal component analysis (PCA)

Principal Component Analysis (PCA) was performed to

recognize the relationship between phytochemicals (TPC,

TFC, and TAC) and antioxidant activities (DPPH and

FRAP) of methanol, ethanol, petroleum ether and water

extracts of ten different accessions of E. ribes (Fig. 1).

PCA scatter plot of methanolic extracts exhibited 97.5 and

2.3% of total variance for first (PC1) and second (PC2)

principal component, respectively (Fig. 1a). All the vari-

ables such as TPC, TFC, TAC and FRAP were placed at

positive side of PC1 with loading values of 0.139, 0.177,

0.068, 0.59, respectively; whereas, DPPH was located at

positive side of PC1 with loading value 0.773. The vari-

ables viz. TPC, TFC and TAC were positively correlated

with FRAP activity. Both the PC1 and PC2 were resolved

all methanolic extracts of TAL accession with high TPC,

TFC, TAC and strong FRAP activity (Fig. 1a).

PCA of ethanolic extract demonstrated 99.7% of total

variance (Fig. 1b). PC1 denoted 98.1% variance, wherein

PC2 showed 1.6% of variance. The variables DPPH and

TAC were positively associated with each other for both

PC1 and PC2 with loading values of 0.173 and 0.551,

respectively. However, the variables TFC, TPC and FRAP

were negatively associated with loading value 0.07, 0.173

and 0.791, respectively. PCA analysis of ethanolic extract

showed that KOY, DEV and TAL accessions were posi-

tively positioned on both PC1 and PC2 with significant

TAC and strong DPPH activity (Fig. 1b). Similarly, PCA

of water extract exhibited 97.2 and 2.1% of total variance

for PC1 and PC2, respectively (Fig. 1c). The all variables

such as TAC, TFC and FRAP were loaded at positive side

of PC1 with loading values of 0.375, 0.103, 0.416,

respectively; whereas, TPC and DPPH was loaded at

negative side of PC2 with loading value 0.254 and 0.782,

1860 Physiol Mol Biol Plants (September 2020) 26(9):1855–1865

123



respectively. Variables viz. TAC and TFC were positively

correlated with FRAP activity, wherein TPC was positively

correlated with strongest DPPH activity. PCA depicted that

NAG and KOY accessions were placed along the positive

side of both principle components with high TAC, TFC and

strong FRAP activity (Fig. 1c).

PCA of petroleum ether extract showed 99.7% of total

variance (Fig. 1d). PC1 donated 98.2% variance, wherein

PC2 showed 1.5% variance. The variables TFC and DPPH

were positively associated with loading values of 0.087 and

0.817, respectively. However, the variables TPC, TAC and

FRAP were negatively associated with loading value 0.250,

0.271 and 0.435, respectively. PCA analysis of petroleum

ether extract showed that KOY, NAG and DEV accessions

were positively positioned on both PC1 and PC2 with

significant TFC and strong DPPH activity (Fig. 1d). PCA

results showed that the TPC and TFC were most influ-

encing components for the strongest antioxidant activities

in different solvent extracts of E. ribes. In the present work,

PCA was found to be the most efficient tool for the

Table 3 Correlation between antioxidant activities (DPPH and FRAP) and studied phytochemicals (TPC, TTC, and TFC) from the berries of E.
ribes

Studied parameters TPC TFC TAC DPPH FRAP

TPC 0.597** 0.790** 0.707** 0.939**

TFC 0.597** 0.752** 0.909** 0.784**

TAC 0.790** 0.752** 0.634** 0.801**

**Correlation is significant at the 0.01 level (2-tailed)

Fig. 1 Principal component analysis (scores and loading plots) based

on different phytochemicals analysed from the extracts of ten Embelia
ribes genotypes and their antioxidant activities. A methanol,

B ethanol, C water, D petroleum ether, TPC total phenolic content,

TFC total flavonoid content, TAC total alkaloid content, DPPH

2-diphenyl-1-picrylhydrazyl (DPPH) assay, FRAP ferric reducing

antioxidant power assay, AMB Amba, BIS Bisle Ghats, CHA
Charmadi Ghats, DEV Devimane Ghats, DIC Dicholi, JOG Jogfalls,

KOG Kogar, KOY Koyana, NAG Nagavelli, TAL Talakaveri
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delineation and characterization of different accessions

based on various phytochemicals and antioxidant activities.

Four accessions viz. TAL, DEV, KOY and NAG showed

positive correlation with phytochemicals and antioxidant

activities. The present investigation concurs with the ear-

lier researchers and revealed the discrimination of different

genotypes, plant parts etc. (Ghadage et al. 2017; Ghane

et al. 2018; Attar and Ghane 2019; Yadav et al. 2020).

Ghadage et al. (2017) and Yadav et al. (2020) have been

also found that studied phytochemicals are the known

compounds that are potent antioxidants.

Preliminary screening of genotypes and embelin

content

RP-HPLC analysis showed variation in the embelin content

among the different genotypes as shown in Supplementary

Table 1. Separation of standard embelin was observed

using methanol: water: acetic acid: tetrahydrofuran (85: 15:

3: 0.1 v/v/v/v) at 7.43 ± 0.3 min (Fig. 2). The yield of

embelin content assessed ranged from 1.005 ± 0.02 to

1.770 ± 0.01%. Preliminary analysis revealed that among

all the genotypes, NAG accession revealed highest

(1.707%) embelin content; however, lowest (1.005%) was

noted from the BIS accession (Supplementary Table 1).

RP-HPLC analysis of optimized extraction

of embelin using different extraction methods

The berries collected from NAG accession of E. ribes were

used for quantification of embelin content by using various

extraction methods. The variable response was recorded for

embelin content extracted with several extraction methods.

The yield of embelin assessed from NAG accession ranges

from 1.23 ± 0.01 to 5.08 ± 0.09% (Table 4, Fig. 2).

Among the extraction methods employed, MAE with 90 s

(5.08%) was found to be superior followed by UE for

30 min (2.98%), SE for 300 min (1.80%) and CSE for

360 min (1.77%) (Table 4). Sudhakar et al. (2005) have

been reported 4.33 and 3.96% of embelin content in E.

ribes and E. robusta, respectively. Embelin content was

also quantified by HPLC method in various samples of E.

ribes collected from different geographical regions. The

percentage of embelin estimated in present study i.e. 5.08%

was comparatively higher than the earlier reports (Naga-

mani et al. 2013). The different extraction procedure

affected the embelin content from the same locality. It was

depicted that the extraction conditions could affect the

yield of embelin content. Our findings on MAE are not in

lined with the earlier report (Latha 2007). MAE has been

the finest selection method due to its high efficiency in

terms of extraction yield, low level of energy and solvent

consumption, fast extraction and higher yield (Alara et al.

2018; Sweeta et al. 2019). The extraction methods have

been known to alter the level of polyphenols in A. hey-

neanus (Pai et al. 2011), C. nutans (Mustapa et al. 2015)

and S. chinensis (Ghadage et al. 2017).

In the present investigation MAE for 90 s was found to

be the most suitable extraction method for extraction of

embelin content as compared to other methods.

Fig. 2 HPLC chromatograph of standard and berries of Nagavelli genotype extracted using microwave assisted extraction (MAE)
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Conclusion

Solvent used in the extraction significantly influenced

amount of TPC, TFC, TAC and antioxidant activities from

the ten different genotypes of E. ribes. From the phyto-

chemical analysis, Nagavelli (NAG) showed promising

antioxidant potential in terms of phytochemicals (TAC,

TPC and TFC) and antioxidant activities (DPPH and

FRAP). Furthermore, PCA revealed that TPC and TFC

were the most influencing components to exhibit strong

antioxidant activities. Among all the methods employed,

microwave assisted extraction with 90 s proved to be

fastest, simple and reproducible method for the highest

embelin content. Nagavelli accession yielded the highest,

5.08 ± 0.01% of embelin content in MAE compared to

other extraction methods. The present investigation on

phytochemicals, antioxidants and optimized production of

embelin content from Nagavelli accession revealed that it

could be a promising candidate for the phamaceutical

utilization.
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