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Background and objectives: The variation in the active phytoconstituents in different plants causes
changes in their biological properties. The present study was aimed with the comparative phytochemi-
cals and estimation of the constituent present in the leaves of Decalepis species using high performance
liquid chromatography (HPLC).
Materials and Methods: The leaves of Decalepis hemiltonii Wight & Arn. Decalepis arayalpathra(J. Joseph
and V. Chandras.) Venter. and Decalepis nervosa(Wight &Arn.) Venter.were selected and methanol solvent
was used for the preparation of the extracts. Various proximate analysis viz. moisture content, ash values,
crude fibers, extractive values were estimated. Thereafter, series of basic chemical tests for the methanol
leaves extracts followed by total phenolics, and total flavonoids content were also carried out.
Furthermore, TLC chromatogram and RP-HPLC study was carried out for all the plant extracts to find
out the presence of phenolic compounds and compared the estimated amount present in all the leaves
extracts.
Results: The outcome of the study revealed that all the three species varied with the yield and the phy-
tochemical screening showed varied concentration of alkaloids, glycosides, flavonoids, proteins, steroids,
phenols, and tannins. Among the three species Decalepis hemiltonii(DH) showed presence of higher per-
centage of moisture (8.6%), crude fibers (8.32%) and total ash content (4.95%) than others. Further, pres-
ence of high concentration of phytochemicals was showed by Decalepis arayalpathra (DA) and the higher
yield in methanol solvent than other two species. The same plant sample showed presence of higher
amount of gallic acid (0.86 mg/100 g) than other two species. Total alkaloids, total phenolic and total fla-
vonoids were higher in DA leaves flowed by Decalepis nervosa (DN) and DH leaves samples.
Interpretation: Overall the results indicated that DA leaves extracts was better in terms of yield, presence
of phytoconstituents, presence of total alkaloids, total flavonoids, and total phenolics and presence of gal-
lic acid followed by DN and DH leaves.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

India is a hub of natural sources and because of the diversity of
climatic conditions, it is a treasure trove of important medicinal
and aromatic plants. India has over 47,000 plant species, with
17,000 of them being angiosperms (Bapat et al., 2008). There are
number of endangered species from India and other parts of the
world threatening the global impact on social, financial, and phys-
ical wellbeing of mankind (Hamilton, 2004).

Oflate, Decalepis is a critically endangered woody medicinal
climber (Family: Periploaceae). Earlier, it was the only monotypic

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2022.102044&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2022.102044
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sravanisingirikonda@gmail.com
mailto:faryasmin79@gmail.com
mailto:faryasmin79@gmail.com
https://doi.org/10.1016/j.jksus.2022.102044
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


K. Das, S. Mohammed Basheeruddin Asdaq, S. Singirikonda et al. Journal of King Saud University – Science 34 (2022) 102044
genus in the family, but currently there are five species of Decale-
pis, including D. hamiltonii, D. arayalpathra, D. salicifolia, D. khasi-
ana, and D. nervosa, are available from different regions of India.
D. hamiltonii (DH) is very familiar and widely used among them.
All these species are grown in hilly regions. Except D. khasiana, rest
all four species are became endangered (Sharma and Shahzad,
2014). These plant species are very similarto each other so difficult
to identify proper plant species. Decalepis nervosa (DN, Wight
&Arn.) Venter is a critically endangered medicinal plant found in
Karnataka, Kerala, and Tamil Nadu states of India (Khan and Das,
2019). To the south of the Palghat Gap, D. arayalpathra (DA) is
found in hilly and mountainous terrain. It lives on rocky hill slopes
in Kerala’s Agasthiyar highlands and in Tamil Nadu’s Kalakkadu
Mandanthurai tiger reserve (Ahmad et al., 2018). The Kani tribe
of Kerala has long recognized DA as a valuable medicinal plant
(Sharma and Shahzad, 2014).

DA and DH are used in tribal and traditional Indian and Chinese
medicine to cure a variety of diseases of gastrointestinal tract, res-
piratory system, neuro-protective, and blood supply, but no similar
use for the DN plant has been documented (Sowbhagya et al.,
2017). The tuberous roots are the main organs used, since they
are fragrant and sweet-tasting, with a vanilla-like taste and odour
(Nagarajan and Rao, 2003). DH fresh fleshy roots yielded a volatile
oil (0.68%) in which benzaldehyde (0.017%), salicylaldehyde
(0.018%), methyl salicylate (0.044%), benzyl alcohol (0.016%), 2-
phenylethyl alcohol (0.081%), ethyl salicylate (0.038%), p-
anisaldehyde (0.01%), and vanillin (0.45%) are present (Nagarajan
et al., 2001) but not much reports on constituents present in the
leaves of Decalepis species.

In the present study, DH, DN, and DA species were selected
and compared their phytochemicals, various proximate parame-
ters followed by extracted yield and total alkaloids, flavonoids,
phenolics etc. Results indicated the significant differences among
the three species of Decalepis. This investigation helps in identi-
fication and differentiation among the species and also easy way
for the selection of the authentic plant for further research
study.
2. Materials and method

2.1. Collection of plant material

The leaves of DN, DH and DA plants were obtained from Indian
Institute of Horticultural Research, Bengaluru.The plant leaves
were identified and authenticated by a plant taxonomist Dr. P. E
Rajshekharan, IIHR, Bengaluru and preserved with the voucher
specimens (KCP-PCOG/DH/334/2021–22, KCP-PCOG/
DA/335/2021–22 and KCP-PCOG/DN/336/2021–22) separately in
department of Pharmacognosy, Krupanidhi College of Pharmacy,
Bengaluru, in the herbarium.
2.2. Preparation of plant crude extracts

After thoroughly cleaning leaves, leaves were dried for
15 days at room temperature. Subsequently, the leaves were
separated and coarsely ground. Labeled them separately and
stored them in a plastic sealed cover to protect them from
moisture and microbial contamination until they were needed
for the experiment.

The extract was prepared with methanol as a solvent. The
extraction was done with 200 g of powdered pharmaceuticals
using the soxhlet method at 40 �C for 6 h. Separately, they were fil-
tered, and the extracts were concentrated to a thick viscous state
using rotary flash evaporator at temperature 45�C, yielding semi
solid residue.
2

2.3. Proximate analysis

2.3.1. Moisture content
The crucible was placed in the hot air oven for 2 h at 105 �C. The

crucible was then placed in desiccators to cool. 5 g of powder was
added in the beaker then weighed. The sample was dried for 3 h in
a 105 �C oven. The dried and cooled sample was then weighed, and
the moisture content was estimated using the formula as given by
Ajeesh Krishna et al., 2014.
2.3.2. Total ash content
The AOAC method for determining total ash was used

(Abeysinghe et al., 2021). For 2 h, 1 g of dried powdered was
maintained in a silica crucible at 450 �C in a muffle furnace. After
ash, it was weighed and cooled in a desiccator. The process was
repeated until the weight remained unchanged and total ash
was calculated.
2.3.3. Alcohol soluble ash
The ash was digested in a boiling water bath for 30 min with

25 mL of alcohol as a solvent. Using ash-free filter paper, the con-
tents of the silica crucible were filtered. The residue-covered filter
paper was carefully removed and placed in the same crucible. The
value of soluble ash was estimated as mentioned by Ajeesh Krishna
et al., 2014.
2.3.4. Acid insoluble ash
The ash was heated for 5 to 10 min in 25 mL of 2 N HCl. The

insoluble materials was then collected after the solution was fil-
tered using an ash-free filter paper. This insoluble substance was
then rinsed with hot water, burned, and weighed (Ajeesh Krishna
et al., 2014).
2.3.4.1. Extractive values. 5.0 g of leaves were roughly pulverized
and macerated in a closed iodine flask for 24 h using 100 mL of
alcohol and distilled water separately. The process was carried
out using a method given by Ajeesh Krishna et al., 2014.
2.3.4.2. Crude fiber. The crude fibre was determined using the pro-
cedure indicated by Sabir et al., 2005. Briefly, 2 g samples were
digested in 150 mL of 0.2 N sulphuric acid for 30 min, samples
was subsequently washed in hot deionized water and the fiber
was removed and dried by soaking it in a little amount of acetone
and letting it drain. The percent of crude fiber was estimated
further.
2.4. Phytochemical screening

Phytochemical screening of the said plant extracts was carried
out individually to detect the presence of bioactive components
such as alkaloids, glycosides, tannins, saponins, terpenoids, flavo-
noids, and sterols, using a method reported in the literature
(Donkoret al., 2016; Daset al., 2020).
2.5. Total flavonoid content (TFC)

TFC was calculated for all three leaf extracts according to Ayoola
et al., 2008. The extracts (1 mg/mL) were dissolved in water and
NaNO2mixture and incubated for 6 min before being added to
150 L of 10% AlCl3. The absorbance of the solutions was measured
at 510 nm. The result was computed using Catechin’s standard cal-
ibration curves. The results are given in milligrammes of catechin
equivalents per gramme of dry extract.
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2.6. Total phenolic content (TPC)

Gallic acid was used as a reference to measure the total phenolic
content of Stevia infusion extract (Shan et al., 2005). Folin-
Ciocalteu reagent (1 mL) was added to 0.1 mL of the extract
(1 mg/mL) and allowed to sit for 5 min. A UV–visible spectropho-
tometer was used to measure the absorbance of the blue hue pro-
duced by 1 mL (7.5 percent w/w) sodium carbonate after 90 min of
incubation at room temperature at 765 nm (Janeway, 96500, UK).
The value was computed using the gallic acid calibration curve and
represented in milligrams of gallic acid equivalent per gramme of
dry extract.
2.7. HPLC study

2.7.1. RP-HPLC instrumentation
A 600-controller pump system with UV–Visible detector was

used in this study. The external calibration method was used to
achieve quantitative estimation with Empower 2 software applica-
tions. The water purification system used was a Milli-Q academic
water purification system with a 0.22 lm. Finally, the peak at
203 nm was detected.
2.7.1.1. Preparation of standard and sample solutions. In methanol
(1 mg/ml), a standard gallic acid solution was produced. 5–
100 g/ml calibration samples were made. Dissolving 10 mg of
extract in 1 mL methanol was also used to make the sample solu-
tion. A Whatman NYL 0.45 lm syringe filter was used to filter both
the standard and sample solutions. Peak areas vs concentration
was used to quantify the responses.
2.7.1.2. Method validation. Linearity, specificity, limit of detection
(LOD), limit of quantification (LOQ), accuracy and precision were
validated as per ICH guidelines (Mukherjee and Wahile, 2006).
2.7.1.3. Linearity. A linear regression was used to fit triplicate val-
ues obtained at various concentrations (5 to 100 g/ml) to create
the standard response curve for gallic acid. The peak regions of
20 L of each solution were measured after chromatography. The
linear range of gallic acid was determined by plotting peak regions
against respective concentrations.
2.7.2. Specificity:
For identification and purity determination, the method’s speci-

ficity was estimated with respect to compare the retention dura-
tion of the test and standard samples.
2.7.3. Accuracy and precision:
To determine the accuracy and precision of each analyte, vari-

ous quality controls were used. Both sets of data were evaluated
by comparing them inside a single run (n = 6). The method’s accu-
racy was determined using a typical addition methodology and
represented as a percent RSD. The precision of the procedure was
tested by injecting six replicates of the reference drug at three dif-
ferent concentrations and evaluating intra-day and inter-day fluc-
tuation.The percentage RSD was used to represent the values.
2.8. Statistical analysis

Means and standard error of the mean (SEM) were applied for
the proximate analysis and total phenolics, total flavonoids deter-
mination for all the leaves samples. Statistical analysis was done
using Graph Pad Prism Version 5.0.
3

3. Result

3.1. Crude extract

All the plant leaves were extracted with methanol solvent and
calculated for the yield of the crude extracts (w/w). The results
were tabulated in Fig. 1.

DH = Decalepis hemiltonii, DN = D. nervosa, DA = D. arayalpathra.
3.2. Proximate analysis

Various parameters like moisture content, ash contents, extrac-
tive value and crude fibre were determined for allpowdered sam-
ples. The result was tabulated in Table 1.
3.3. Total flavonoid and phenolics

The content of total flavonoids and total phenolics were esti-
mated for all the said leaves and the result was tabulated in table
1.
3.4. Phytochemical screening

Various chemical tests for the above said plant extracts was
performed and revealed the presence of various groups of con-
stituents namely,alkaloids, glycosides, flavonoids, proteins, ster-
oids, phenols, and tannins. The result was tabulated in Table 2.
3.5. HPLC study

3.5.1. Validation of the method
The linearity, accuracy, precision, selectivity, and specificity of

the approach were all put to the test. In all validation studies, stan-
dard and sample solutions were injected in duplicate. The correla-
tion coefficient and intercept were utilized to evaluate the strategy
(Table 3). The linearity range for gallic acid was between 10.5 and
60 lg/ml.The quantification limit was 3.42 lg/ml, whereas the
detection limit was 0.84 lg/ml. A recovery study was carried out
to ensure that the developed approach was accurate. The recovery
of the chemical was calculated using a standard solution (10 lg/
ml) added to three distinct pre-analyzed sample solutions. Table 4
shows the results of the accuracy assessments. The current accu-
racy test revealed that the recovery levels for DH, DN, and DA
extracts were 93.68, 95.81, and 99.48 percent, respectively. Gallic
acid was also measured properly in three separate leaf extracts
using this approach. The precision features of the retention time
and peak area (intra- and inter-day) for standard were assessed
(Table 5). The relative standard deviation (RSD) for retention dura-
tion and peak area for intra- and inter-day wasvery less with
acceptable precision, according to the current data. The intra-day
RSD for retention time was 0.14 percent, whereas the intra-day
RSD for peak area was 1.74 percent. Meanwhile, the RSD. for reten-
tion time was 0.21 percent, while the RSD for peak area was 2.02
per cent. The method’s selectivity of standards was determined
by the resolution between the standards peak.
3.5.2. Amount of gallic acid
The present result showed that higher gallic acid (Fig. 2) con-

tent (0.86 mg/100 g) in DA (Fig. 3) leaves followed by DN
(0.62 mg/100 g, Fig. 5) and DH (0.46 MG/100 G, Fig. 4) extracts
respectively.



Fig. 1. Percentage yield and amount of crude extracts of different species of Decalepis.

Table 1
Proximate analysis, flavonoids, and phenolic contents for various leaves samples.

Type of analysis DH leaves sample DA leaves sample DN leaves sample

a) Proximate analysis
Moisture content (%) 9.63 ± 0.23 7.32 ± 0.11 6.84 ± 0.22
Total Ash content (% w/w) 4.95 ± 0.01 2.26 ± 0.41 3.80 ± 0.40

Alcohol soluble ash 2.46 ± 0.22 1.58 ± 0.03 1.64 ± 0.31
Acid insoluble ash 1.18 ± 0.02 0.14 ± 0.10 0.38 ± 0.20

Extractive value (n = 3)
Alcohol soluble extractive 36.42 ± 0.31 43.51 ± 0.10 41.12 ± 0.24
Water soluble extractive 7.53 ± 0.13 6.18 ± 0.32 8.46 ± 0.33

Crude fibre (%) 13.34 ± 0.31 8.34 ± 0.20 9.21 ± 0.41
b) Total flavonoids content (mg CE/g) 0.120 ± 0.11 0.231 ± 0.03 0.173 ± 0.21

c) Total Phenolics content (mg GAE/g) 0.139 ± 0.01 0.228 ± 0.21 0.187 ± 0.30

Mean ± SEM, n = no. of trial conducted. DH = Decalepis hemiltonii, DN = D. nervosa, DA = D. arayalpathra.

Table 2
Phytochemical screening of methanol extracts of Decalepis species.

DH DN DA

Alkaloids + ++ +++
Glycoside – + +
Phenolics + ++ ++
Saponins – – –
Flavonoids + ++ +++
Terpenoids + + ++
Steroids + + ++
Tannins + + +

+ = Present; – = Negative; DH = Decalepis hemiltonii, DN = D. nervosa, DA = D.
arayalpathra.
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4. Discussion

Three Decalepis species viz. DH (Decalepis hemiltonii), DN (D.
nervosa), and DA (D. arayalpathra) leaves were selected and evalu-
ated for various proximate studies for the said plant species. The
results revealed that DH leaves content more concentration of
moisture, crude fibres, ash content etc. The same were less in DN
and DA respectively.
Table 3
Calibration curve of gallic acid.

Retention time (min) Regression equation Correlation coefficient (R) Lin

3.105 y = 46103� � 62,501 0.9999 10.

4

Methanol leaves extract of Decalepis species were carried out
and showed higher percentage of crude extract 16.9 % with DA
plant followed DN leaves extract (13.8 %) and then DH leaves
extract (8.4 %). The lower ash content of the DA plant, followed
by DN and DH, accounts for the higher percentage of leaves extract.
An earlier study found that methanol leaves extract yielded higher
yields than other solvent extracts (Samydurai and Thangapandian,
2012). The increased yield shown by the leaves extract from the DA
plant was also observed in our current study.

For each Decalepis species, the moisture content and total ash
content of powdered leaves were calculated independently. The
moisture and ash content of the leaves of the DH plant were found
to be greater. This is because the leaves have more fibres, veins,
and vein islets, which boost the content, found that leaves powder
had more moisture and ash than any other plant parts (Borkataky
et al., 2013; Puthalath et al., 2015). Not only that, all the physical
parameters are also depends on the age of the leaves and the
dimension of the leaf size (Oduntan and Olaleye, 2012). In the pre-
sent investigation, DH plant leaves are having more dimension
than other two species i.e DN and DA respectively and hence DA
leaves showed less ash content, moisture content and crude fibre
content than other two species. The main consequences of this dis-
ear range (lg/mL) Detection limit (lg/mL) Quantification limit (lg/mL)

5 to 60 0.84 3.42



Table 4
Recoveries of gallic acid in the Decalepis species.

Decalepis extracts Amount added (lg/mL) Amount found
(lg/mL)

Recovery (%) Average of recovery (%)

DH 10 9.368 93.68
96.32DN 10 9.581 95.81

DA 10 9.948 99.48

DH = Decalepis hemiltonii, DN = D. nervosa, DA = D. arayalpathra.

Table 5
Precision data of gallic acid (n = 3).

Intra-day R.S.D.
for retention
time (%)

Intra-day R.S.D
for peak area
(%)

Inter-day R.S.D
for retention
time (%)

Inter-day R.S.D
for peak area
(%)

0.14 1.74 0.21 2.02

Fig. 2. HPLC of Stand

Fig. 3. HPLC study of DA l
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covery are that plant medications with a high moisture content
will have a shorter shelf life. Following that, the ash values of every
Decalepis species leaves were examined independently to rule out
the presence of any extraneous matter such as soil, sand, or water
soluble salts adhering to the drug’s surface. Because silica is com-
monly found in acid insoluble ash, a high level of acid insoluble ash
is a sign of contamination with earthy materials. In the present
ard Gallic acid.

eaf methanol extract.



Fig. 4. HPLC study of DH leaf methanol extract.

Fig. 5. HPLC study of DN leaf methanol extract.
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investigation, the DH leaves showed more acid insoluble ash (1.18
%) followed by DN and DA. It indicated the lowest content of bioac-
tive compounds in the extract (Ahmadet al., 2015) which was also
below the limits.The same result followed in the present study.

The study indicated that leaves of DA contain prominently alka-
loids, phenolics, flavonoids, steroids and terpenoids when con-
firmed with chemical test. Similarly, DN and DH extracts are also
showed the presence of these constituents but not prominently.
It was reported that any medicinal or therapeutic activities are
mainly depends on the active constituents present in the plant part
(Borkataky et al., 2013). Earlier research reported that solvent
extracts also has effects on phytochemicals present in plants as
well as on various therapeutic activities (Naimaet al., 2015; Felhi
et al., 2017). Our experiment also showed maximum constituents
in methanol solvent for leaves of DA followed by DN and DH.

Total phenol content as well as total flavonoid content was esti-
mated higher in leaves extract of DA and the similar trend followed
for the other extracts. Methanol solvent was used for the extraction
6

which increased the solubility of phenols. Previous research has
shown that phenols’ strong solubility in polar solvents results in
large concentrations of these chemicals in extracts (Mohsen and
Ammar, 2009). Other scientific literatures were also reported that
the solvent polarity plays major role in the concentration of phe-
nols and flavonoids in the plant extracts (Gezici and Sekeroglu,
2021; Das et al., 2019). Flavonoids provide significant therapeutic
efficacy in the crude extracts, and their hydroxyl groups give
antioxidant activity and a radical scavenging function too in plants
(Tomsone et al., 2012). In this experiment, flavonoid content was
estimated higher in leaves of DA and showed similar trend to the
previous reports (Baba and Malik, 2015). Thereafter, ash value is
having correlation with the content of the bioactive components
in plants where it was reported that more ash values indicated less
bioactive components present in the leaf sample.

Based on the phytochemicals present and proximate analysis of
all the Decalepis species, further gallic acid was estimated in all the
Decalepis species through HPLC study and resulted gallic acid con-
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tent was higher in DA leaf sample followed by DN and DH. The
result also correlated with the proximate analysis and the same
result also revealed with the earlier researchers.

5. Conclusion

In conclusion, the study indicate that the Decalepis species are
good source of any kind of therapeutic activities due to presence
of many active phytochemicals and high content of phenolics
and flavonoids. Apart from this, various physical tests were per-
formed for the authentic identification of the individual Decalepis
species viz. DH, DN and DA leaves. Interestingly, result revealed
variation of the parameters based on age of the plant, size of the
leaves, and the collection of the sample. The present investigation
provided the base line information to the future researchers work-
ing on Decalepis species for many other gray areas.
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