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ABSTRACT 

 

Embelin is a biologically active Phytochemical in benzoquinone group found in fruits of Embelia ribes & Embelia tsjeriam-cottam. Since E. ribes is 

not available in Odisha, E. tsjeriam-cottam is considered as substitute alternate source of Embelin. Embelin elicits diverse ethno-medicinal and 

pharmacological activities like anticancer, antioxidant, anti-inflammatory, hepatoprotective, antimicrobial properties and many more. Since fruits 

have been considered as major source of embelin; roots, stem barks and leaves of E. tsjeriam-cottam are not yet tested and used properly for 

preparation of medicinal formulations though are having significant ethno-medicinal documentations. This research paper deals with quantitative 

assessment of embelin present in roots, leaves and stem barks of E. tsjeriam-cottam from Odisha to report usefulness of non-fruit parts for estimation 

of embelin. Embelin content was assessed through spectrophotometric and HPLC methods of analysis. In case of chloroform extracted samples, 

embelin content was found to be higher in root parts (2.02%-Spectrophotometric, 0.57%-HPLC) followed by stem bark (1.94%-Spectrophotometric, 

0.53%-HPLC) and leaf (1.82%-Spectrophotometric, 0.51%-HPLC). However, in case of methanol extracted samples, embelin content was found to 

be higher in root parts (1.6%-Spectrophotometric, 0.45%-HPLC) followed by stem bark (1.52%-Spectrophotometric, 0.24%-HPLC) and leaf 

(1.465%-Spectrophotometric, 0.23%-HPLC). These findings have revealed possible alternative substitute plant part besides fruits as source of 

embelin, to meet the demand of embelin yield, which will lead to least exploitation of plant species. Though embelin content found in fruit parts is 

double as compared to non-fruit parts, but it has got a marginable quantity of embelin that can be utilized further. 
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INTRODUCTION 

 

Bioactive natural compounds derived from plants are being used 
in ample amount for use in human health concerns. Natural 
products play a key role in meeting the global demand for new 
pharmacologically active substances. To this effect, “Embelin” 
is an important phytochemical used in copious quantity in 
Ayurvedic medicinal system for various drug formulations. 
Embelin is a biologically active benzoquinone derivative of 
phenolic compound (2, 5-dihydroxy-3-undecyl-1, 4-
benzoquinone) and is the principle active compound in the fruits 

of Embelia tsjeriam-cottam1-6. E. tsjeriam-cottam is a medicinal 
shrub7 under vulnerable group in the RET list8. It is commonly 
known as Baibidanga and broadly distributed throughout the 
greater part of India up to an altitude of 5,000 ft8. It is 
distributed in the mountains of the Western Ghats, Kerala, 
Malabar, Meghalaya, Assam, Odisha etc9. In Odisha 
(20°95’17”N 85°09’85”E) it is distributed throughout 
Sambalpur, Puri, Ganjam, Kalahandi, Deogarh, Nayagarh, 

Khurda, Gupteswar RF, Gobindpalli and Dhenkanal10. Embelin 
exhibits diverse pharmacological activities like anticancer, 
antioxidant11, anti-inflammatory, antipyretic, hepatoprotective12, 
antimicrobial13 and chemopreventive properties9, 14-19, 
analgesic11, anticancer activity4. The seeds of E. tsjeriam-cottam 
are used extensively for the treatment of various diseases such 
as gastrointestinal disorders, dyspepsia, bronchitis, asthma, 
anaemia and skin diseases9, 20. Besides the importance and utility 

of fruits of E. tsjeriam-cottam, some scarce literatures are 
available regarding the medicinal uses of other plant parts i.e. 
roots and leaves of E. ribes9, 16, 21, 22. These evident literatures 
have enlightened the path to evaluate embelin content in other 

non fruit plant parts. This research paper aims to compare the 
quantitative estimation of embelin content in roots, leaves and 

stem barks of E. tsjeriam-cottam grown in Odisha to address the 
importance of non-fruit plant parts as source of the naturally 
occurring phytochemical embelin to find out suitable alternative 
substitute plant part besides the fruits. 

 

MATERIALS AND METHODS 

Materials 
 
Wild leaves, stem bark and roots of Embelia tsjeriam-cottam 

plant were collected from Ghana Reserve Forest of Kalahandi 
district, Odisha (19°52′15”N 83°53’30”E) in the month of 
November. The studied plant species was compared with 
herbarium specimens present in the institutional herbarium 
(bearing voucher specimen no 4897) and also verified through 
the reference book “The Flora of Odisha”10. Random sampling 
was done by taking ten numbers of samples from each plant part 
and three subsequent replicates respectively. All the samples 

were dried and pulverized into fine powder for analysis process. 

 

Methods 
Standard Preparation 

 
For comparison with the unknown extracted samples, the 
standard stock solution was prepared taking standard Embelin 
(SIGMA Aldrich, Germany) in HPLC grade methanol (1 

mg/mL) and kept at 4°C for use. 
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Preparation of Extraction 

 
Finely powdered samples (leaf, stem bark and root) were 
extracted using conventional Soxhlet method. Powdered 
samples of 10 g weight of each sample were extracted through 
Soxhlet apparatus for 16-18 hrs with methanol and chloroform 

solvent systems separately. The total extracts of each were 
condensed using dry bath and kept as Embelin stock sample34. 
 

Estimation of Embelin through Spectrophotometric Method 
For quantitative estimation of embelin using UV 
spectrophotometer, a standard calibration curve was prepared. 
Standard stock solutions of concentrations ranging from 100-
1000 μg/mL were prepared by serial dilution method. The 

absorbance (OD) of the prepared solutions was measured at 291 
nm as the detection wavelength and the standard calibration 
curve was plotted between the measured absorbance (OD) and 
given concentrations. The sample extracts of each plant parts 
were also measured in the same wavelength and the embelin 
content was quantified35, 36. 
 

Identification & Isolation through Thin Layer 

Chromatography 

 
Crude extracted embelin extracts of each plant parts (leaf, stem 
bark and root) were analyzed through the chromatographic 
method to identify and isolate the pure embelin compound. The 
selected mobile phase for separation of pure embelin compound 
was n–Propanol: n–Butanol: Ammonia in a ratio of 7: 1: 237, 38. 
The desired spots of embelin were detected by using the 

chromatographic reagent that is 1% solution of vanillin in 
methanolic sulfuric acid and viewed under ultraviolet light at 
365 nm wavelength for the identification of the separated 
compounds. The Rf value of each samples were determined to 
check the presence of Embelin; against the standard37, 39, 40. 
 

Estimation of Embelin through HPLC Method 

 
HPLC was performed in a Dionex make HPLC system equipped 

with UVD 340 detector and P 680A pump with TCC-100 
column compartment controlled by the chromeleon 
chromatography Management System. The mobile phase, 
selected for this purpose, consisted of a mixture of methanol: 0.1 
% TFA in a ratio of 65:35, at a flow rate of 1 ml/min. The peaks 
eluted were detected at 291 nm wavelengths and identified with 
authentic standard Embelin sample41. The reproducibility of the 
analysis was verified by carrying out ten replicate injections of 

standard and three replicate injections of each extract. The 
HPLC method was validated by defining the linearity, peak 
purity, retention time, co-relation coefficient, limit of 
quantification and detection, relative standard deviation, 
accuracy and specificity41, 42. 
 

Validation of HPLC Analysis 

 

The optimized HPLC method, selected in this experiment was 
validated by defining the linearity, peak purity, co-relation 
coefficient, limit of quantification, limit of detection, relative 
standard deviation, accuracy, specificity, peak purity, 
specificity, recovery, sensitivity, selectivity and precision in the 
retention time (Table 1). The potentiality of chromatographic 
interference analysis was verified by carrying out ten replicate 
injections of standard and three replicate injections of each 

extracted samples. For determining the intra-day accuracy and 
precision, five replicates of each sample were analyzed thrice on 
the same day. The inter-day accuracy and precision were 
assessed by analysis of five replicates of samples on three 
different days (1st, 3rd and 5th days).  

Linearity, Accuracy and Extraction Recovery 

 
A linear calibration curve was developed for the concentration 
range of 0-1000 µg mL−1. The relative standard deviation (% 
RSD) values did not exceed 0.013 for any of the concentrations. 
After linear regression analysis, the slope (±SD of the mean) for 

the calibration curve of embelin were found to be 16055 (±0.17) 
with a regression coefficient (r2) value of 0.994. All the samples 
showed 98.67% accuracy of the method for the determination of 
embelin. Percent recoveries of embelin from all the plant parts 
of E. tsjeriam-cottam were between 97-99% (Table 4). Low % 
RSD values established the extraction efficiency for the selected 
solvents used in combination for precipitation and also affirmed 
the robustness of the method. 

 

Statistical Analysis 

 
All the values are expressed as mean ± SD. The results were 
analyzed statistically through Two-way RM ANOVA along with 
Sidak's multiple comparisons test using GRAPH PAD PRISM 
6.0 and variations in both Spectrophotometric and HPLC results 
were observed at 99.9% significant level. 

 

RESULTS 

Assessment of Embelin Content through Spectrophotometer 
 
Embelin content, when analyzed through spectrophotometer 
method was found to be ranged from 1.465-2.02% DW. The 
highest amount of embelin content was found in the root parts of 
E tsjeriam-cottam as compared to other plant parts (stem bark 

and leaf) in both methanol and chloroform solvent system. In 
case of chloroform extracted samples, highest amount of 
embelin was found in the root parts (2.02% DW) followed by 
stem bark (1.94% DW) and leaf (1.82% DW). In case of 
methanol extracted samples, highest amount of embelin was 
found in the root parts (1.6% DW) followed by stem bark 
(1.52% DW) and leaf (1.465% DW). The results showed 
significant variation at P value = 0.0013 (Figure 1; Table 2). 
 

Assessment of Embelin Content through HPLC 
 
Isolation of pure Embelin for HPLC analysis through TLC 
process revealed the Rf values of both the standard and the 
extracted samples to be 0.35 (Figure 2). Embelin content was 
found to be ranged from 0.23-0.57% DW in the wild leaves, 
stem barks and root parts of E tsjeriam-cottam using both the 
solvent systems. Highest amount of embelin content was found 

in the roots of E tsjeriam-cottam as compared to other plant 
parts (stem bark and leaf) in both methanol and chloroform 
solvent system. In case of Chloroform extracted samples, 
highest amount of embelin was found in the roots (0.57% DW) 
followed by stem barks (0.53% DW) and leaf (0.51% DW). In 
case of methanol extracted samples, highest amount of embelin 
was found in the roots (0.45% DW) followed by stem barks 
(0.24% DW) and then by leaf (0.23% DW). The results showed 

significant variation at P value < 0.0001 (Figure 3; Table 3). The 
chromatograms of all the samples were provided in Figure 4). 
 

Accuracy/Recovery Test of Embelin  

 
To check the accuracy of the developed method and to study the 
interference of samples, recovery experiment was carried out by 
standard addition method (Table 4). A known amount of sample 

was taken. To each tube known amount of Embelin was added. 
Each sample was analyzed by the developed HPLC method and 
the amount of Embelin recovered for each level, was calculated. 
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Table 1: Statistical data for validation of HPLC 

 

Parameters Values 

Absorption maxima 291 nm 

Correlation coefficient (r
2
) 0.994 

Regression equation (Y=bx+c) Y=16055x+0 

Intercept (c) 0 

Slope (b) 16055 

LOD mg/ml 0.671 

LOQ mg/ml 2.035 

Retention Time 1.25 

Precision (% RSD) 0.013 

Accuracy (%) 98.67% 

 

Table 2: Embelin content in various plant parts of Embelia tsjeriam-cottam estimated through spectrophotometer 
 

Plant Parts used Solvent system used Embelin Content (% Dry Wt.) 

Leaves Methanol 1.465  ± 0.008 

Chloroform 1.82  ± 0.03 

Stem Bark Methanol 1.52 ± 0.023 

Chloroform 1.94  ± 0.02 ** 

Root Methanol 1.6  ± 0.015 

Chloroform 2.02 ± 0.078 ** 

NB-All values expressed as Mean ± SD, (n=3). Statistical differences were tested by Two-way RM ANOVA followed by Sidak's multiple 

comparisons test, where **P=0.0013 

 

Table 3: Embelin content in various fruits of Embelia tsjeriam-cottam estimated through HPLC 
 

Plant Parts used Solvent system Embelin Content (% Dry Wt.) 

Leaf Methanol 0.23 ± 0.006 

Chloroform 0.51 ± 0.01 

Stem Bark Methanol 0.24 ± 0.025 

Chloroform 0.53 ± 0.015 **** 

Root Methanol 0.45 ± 0.006 

Chloroform 0.57 ± 0.01 **** 

NB-All values expressed as Mean ± SD, (n=3). Statistical differences were tested by Two-way RM ANOVA followed by Sidak's multiple 

comparisons test, where ****P<0.0001 

 

Table 4: Recovery/accuracy test of embelin through HPLC analysis 

 

Sl No. In Sample 

(mg/ml) 

Added 

(mg/ml) 

Estimated (mg/ml) % RSD % of Recovery 

1 50 100 146.37±0.007 0.0048 97.58 

2 100 150 247.72±0.061 0.025 99.1 

3 150 200 347.65±0.032 0.009 99.33 

NB-All values expressed as Mean ± SD, (n=3) 

 

 
 

Figure 1: Embelin content in various plant parts of Embelia tsjeriam-cottam estimated through Spectrophotometer 
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Figure 2: Presence of Embelin in Sample Extracts against Standard on TLC Sheets 

 

 
 

Figure 3: Embelin content in various fruits of Embelia tsjeriam-cottam estimated through HPLC 

 

 
 

Figure 4: HPLC chromatograms of Embelin standard and samples, where A-Embelin standard; B-leaf samples; C-stem bark samples;  

D-root samples 
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DISCUSSION 

 
Quinones are the biologically active natural compounds found to 
occur in number of medicinal plants which can be divided into 
four groups including benzoquinones, anthraquinones, 
naphthoquinones and isoprenoid quinones. They are mainly 

found in bark, roots and tissues of plants23. Embelin is one of the 
biologically active benzoquinone derivatives that act as the 
active principle compound in the fruits of Embelia tsjeriam-
cottam and responsible for its medicinal properties4. Several 
literatures are available regarding presence of embelin in the 
fruits of E tsjeriam-cottam3-5, 24, but in this case, we have 
evaluated embelin from other plant parts like leaves, stem barks 
and the root parts. Several literatures are available regarding the 

ethno-medicinal use of leaves, stem bark and root parts of E 
tsjeriam-cottam15, 21, 25-29. Generally, the plant bioactive 
compounds, belonging to different groups are extracted through 
various solvent systems like methanol, ethyl acetate, ethanol, 
chloroform etc30. In many cases, aqueous extracts of E. ribes are 
also being used for several pharmacological activities31. But the 
organic solvents are generally found to be superior to that of the 
aqueous solvent in case of extracting particularly the secondary 

metabolites30. 
 
Extraction is dependent on the solubility as well as the surface 
permeability of the selected solvent system. Many times the 
extraction procedure used is not sufficient to extract all the 
required bioactive compounds due to solubility factor. To 
counter this problem more than one solvent system with varying 
polarity index is being used for achievement of complete 

extraction32. Methanol is a readily accepted and frequently used 
solvent system. Mostly it is used in extraction of polar 
compounds, but certain group of non-polar compounds are fairly 
soluble in it32. Moreover, its low boiling point is also favourable 
for extracting and concentrating the bio-active compounds 
through Soxhlet process. For compounds like hydrophobic 
nature can be extracted easily through chloroform. Embelin has 
a long alkyl chain as substitute, which plays a crucial role in its 
solubility in various solvent systems33. However, in some 

experimentation, embelin content in organogenic and 
embryogenic callus (from leaf explants) along with in the dried 
berries of E. ribes were being evaluated21. Till now no records 
are available regarding the embelin content in non-fruit parts of 
E tsjeriam-cottam besides the fruit parts in case of Odisha. 
However, in previous experimentation, we have estimated the 
embelin content in the fruits of E tsjeriam-cottam, collected 
from various agro-climatic zones of Odisha24, which ranged in 

between 1.03-4.93% w/w in case of spectrophotometric method 
of analysis and 0.5-2.72% w/w in case of HPLC analysis. 
However, in the current experimentation, embelin content in the 
non fruit parts (Leaves, Stem Bark & Roots) of E. tsjeriam-
cottam was found to be half as compared to the fruit parts that 
has been carried out in our previous experimentation24. From 
this finding it can be opined that the other non fruit parts can act 
as possible alternative substitutes to that of the fruits as source 

of embelin. 
 

CONCLUSION 

 
The study revealed the presence of embelin in all other parts of 
E. tsjeriam-cottam leaves, roots and stem barks besides the fruit 
samples. The non fruit plant parts of E. tsjeriam-cottam can also 
be used for yielding embelin that may mitigate the pressure on 

fruit and can be used as alternative substitute to that of the fruit 
samples. This will be helpful for mitigating the demand of 
embelin yield, which will lead to least exploitation of plant 
species. 
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