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Centella asiatica is a herbal plant that is widely used as medicine due to the benefit of its
bioactive compounds such as rutin, kaempferol, quercetin, gallic acid, luteolin and cate-
chin. Typically, the amount of these bioactive compounds are varies depending on the
solvent used. Therefore, this study aims to investigate the chemical fingerprint of six
Centella asiatica’s bioactive compounds (kaempferol, quercetin, luteolin, gallic acid, rutin
and catechin) in the ethanolic and aqueous ethanol extracts. Water, ethanol, and 50%
aqueous ethanol were used as extracting solvents via maceration (solid-liquid) technique
to extract bioactive compounds from C.asiatica. Rotary evaporator procedure was per-
formed to concentrate the extracts before these crudes were analysed using HPLC in-
strument. The percentage yield of crude extract (% w/w) was calculated, and its
mathematical model was reported in this study. The exponential equation model was also
applied to predict the percentage yield of the C.asiatica extract. From the equation, satis-
factory results have been obtained, which gave less than 12.21% error with 0.9967 of R2

value. Besides, the percentage yield of bioactive compounds resulting from HPLC analysis
was also explained. HPLC result showed that kaempferol was the highest bioactive com-
pound with 373.2 mg/g dry powder using 100% ethanol as extract solvent. Therefore, the
development of this study can be extended to assess this plant potential in the formulation
of pharmaceutical and cosmetic products.
© 2020 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications

Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Centella asiatica L. Urban sys. belongs to the genus Centella (Syn. Hydrocotyle) in the Apiaceae family (formerly known as
Umbelliferae) and subfamily Mackinlayoideae.14,40 This herbaceous perennial herb commonly grows well forming a dense
green carpet in moist shady places, damp, marshy and swampy areas such as paddy field.6 It has various vernacular or
common names in other languages based on its geographical origins such as Asian pennywort (English), Rohtosamma-
konputki (Finnish), tabao en Amhara (African), Byeong pul (Korean), Gotukola (Sinhalese), and Trachiek kranh (Khmer).16,25

Centella asiatica is familiarly known as pegaga by Malaysian and has been used in a folk herbal medicine for centuries15 such
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as for memory enhancement,14 antidepressant,32 wound healing,42 psoriasis remedy,35 and in the treatment of othermild and
chronic diseases.13

Numerous researches have been conducted on the analysis of C.asiatica’s bioactive compounds around the world (mainly
in Asia such as Malaysia, Indonesia, China, India and Sri Lanka) which have reported many varieties of compounds.37 The
variation in the bioactive compounds was due to differences in geographical location, altitude, location of plants,12 seasonal
changes, harvesting time, physiological factors (such as genetics, plant nutrition, and stage of maturity),1 part of the plant
used, and post-harvesting factors (such as storage conditions and processing treatments.39 The bioactive compounds that are
recorded belonging to C.asiatica, including flavonoids, tannins, saponins, alkaloids, terpenoids, phenols, and glycosides.14,33,43

The extraction must be employed to obtain the extract yield of the plant as well as these bioactive compounds. There are a
lot of extraction techniques can be used, such as solvent extraction, supercritical fluid extraction, solid-phase extraction and
microwave-assisted extraction.11 However, solvent extraction is one of the most extensively studied and most widely used
techniques, especially in the extraction of Centella asiatica due to its simple method, convenient and rapid to perform. Pre-
viously, organic solvents, including ethanol,3 methanol,7,31,38 ethanol-water mixture,21 and methanol-water20,27 mixture,
were used in the extraction of Centella asiatica. Generally, holistic extraction procedure starts with careful selection and
preparation of plant parts. Then, the most suitable protocols for specific compound groups or plant species will be reviewed
comprehensively. Finally, it is crucial to prevent any contamination of the extract, to avoid decomposition of bioactive
compounds, and to control solvent impurities during the extraction of raw plant material.

Besides, the chromatographic tests will be carried out to identify and to confirm the presence of the bioactive compounds
in the extract yield of the plant. The chromatogram results may be used as a chemical fingerprint by displaying the profile of
common bioactive compounds. Chromatography is a useful analytical method used for the qualitative and quantitative
analysis of bioactive compounds; these include paper chromatography, thin-layer chromatography, gas chromatography,
High-Performance Liquid Chromatography (HPLC), and capillary electrophoresis.28 Among the chromatographic finger-
printing applied over the past decade as the qualitative and authentication evaluation of plant extracts, HPLC fingerprint
arises to be the most widely used due to its efficiency and convenience.24 Conventionally, the characterisation and finger-
printing of C.asiatica plant extract relied on thin-layer chromatography. Still, then, the analysis has been mostly based on
High-Performance Liquid Chromatography (HPLC) method as early as 1996.14 Therefore, the objective of this study is to
investigate the chemical fingerprint of six Centella asiatica’s bioactive compounds (kaempferol, quercetin, luteolin, gallic acid,
rutin and catechin) in the ethanolic and its aqueous extracts. The Centella asiatica sample was originated from Jeli Kelantan,
which is a region located near to the hills with high humidity (97% at night). A lack of studies focussed on the use of Centella
asiatica sample planted in the high humidity area has been identified from our literature search. This study used water,
ethanol, and 50% ethanol aqueous as extracting solvents via maceration (solid-liquid) technique to extract bioactive com-
pounds from Centella asiatica. The crude extracts thenwere characterised using HPLC method to identify active ingredients in
the samples. Besides, the mathematical model for the percentage yield of crude extract was also calculated and presented in
this study. The present studies were, therefore, can be extended to assess this plant potential in the formulation of phar-
maceutical and cosmetic products.

Materials and methods

Sample

C.asiatica sample was purchased from a local wet market located at Jeli, Kelantan Malaysia. The leaves sample were
washed under running tapwater to remove all residues and impurities before drying in an electric oven at 40 �C for 48 h. After
that, all the dried samples were ground into a fine powder using an electric blender. The powders were kept at 4 �C in an air-
tight container for further use. This preparation steps followed the procedures mentioned by Rattanakom and Yasurin,34 with
some alteration.

Preparation of crude extract

The preparation of C.asiatica crude extract followed the method explained by Rattanakom and Yasurin, (2015) with some
modification. C.asiatica powder was extracted using three different solvent conditions, which are water, ethanol and 50%
aqueous ethanolic solution with 1:10 ratio (g/ml) of raw plant material to solvent. In this study, 70 g of dried C.asiatica was
immersed in 700 mL of solvent. The mixtures were macerated at 40 �C for 48 h and filtered using Whatman Grade 1 filter
paper. The crude extracts were purified using a rotary evaporator (Heidolph Rotary Evaporator, WB 2000 and VV 2000,
Heidolph Instruments GmbH & Co KG, Schwabach, Germany) at the temperature of 50 �C with the mixing speed of 120 rpm.
Then, the crude extracts were kept at 4 �C before used. The percentage yield (% w/w) of the extract was obtained using
Equation (1):

% yield¼ weight of extract; g
weight of plant material; g

X 100 (1)
The procedure in the extraction of C.asiatica crude extract is illustrated in Fig. 1.
36



Fig. 1. Procedure for the extraction of C.asiatica crude extract.
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Statistical analysis

The involved experiments were conducted in triplicate, and the results were expressed as averages. In this study, the
statistical analysis was performed using Microsoft Excel 2016. Percent yield of the experimental data versus ethanol ratio in
water was plotted to get an actual line. From this actual line, the predicted linewas obtainedwhere themost suitable equation
that fits well with the line was chosen. The optimum condition was established by plotting the data point with the expo-
nential equation. The model adequacy was evaluated using the absolute percentage error (% Error as stated in Equation (2)),
the predicted versus actual plots, and the coefficient of determination (R2 as expressed in Equation (3)).

% Error¼
����
y� by
by

����X 100 (2)

R2 ¼1�
P ðy� byÞ2P ðy� yÞ 2 (3)

where y is an experimental value, by is predicted value and y is mean of y values.
Table 1
Gradient elution program.

Run Time (min) A
0.1% formic acid in water (%)

B
0.1% formic acid in methanol (%)

0 95 5
20 100 0
25 100 0
25.1 95 5
30 95 5
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Fig. 2a. HPLC chromatograms for standards of gallic acid and catechin compounds detected by UV at 270 nm; and quercetin compound detected by UV at 370 nm.
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Fig. 2b. HPLC chromatograms for standards of rutin and kaempferol compounds detected by UV at 370 nm; and luteolin compound detected by UV at 330 nm.
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Fig. 3. Experimental and prediction curves of % yield at different ethanol in water ratio.

Fig. 4a. HPLC analysis of the C.asiatica in water, ethanol and 50% ethanol extracts at 254 nm.

Table 2
% yield of ethanolic extract and it’s aqueous.

Solvent Ethanol ratio in water Weight of crude extract, g Experimental yield (% w/
w)

Prediction yield (% w/
w)

Absolute Percentage Error
(%)

Water extract 0 8.95 12.78 12.08 5.79
50% ethanolic

extract
0.5 2.87 4.09 4.58 10.66

Ethanolic extract 1 1.29 1.84 1.74 5.79
VALIDATION
Solvent Ethanol ratio in

water
Weight of crude extract,
g

% yield (Experimental) % yield (Prediction) % Error

20% ethanolic
extract

0.2 6.44 9.20 8.20 12.21
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High performance liquid chromatography (HPLC) of C.asiatica crude extract

Six bioactive compound standards which are flavonoids (rutin, quercetin, kaempferol, catechin, luteolin) and phenolic acid
(gallic acid) were used in determining the flavonoid content of C. asiatica. The selection of standards was based on the
bioactive compounds that are commonly found in vegetables and fruits,4,19,29 and they also play a significant role in
40



Fig. 4c. HPLC analysis of the C.asiatica in water, ethanol and 50% ethanol extracts at 370 nm.

Fig. 4b. HPLC analysis of the C.asiatica in water, ethanol and 50% ethanol extracts at 330 nm.
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contributing to antioxidant activity.30 Besides, selected flavonoids represent different groups such as flavonol (rutin, quer-
cetin, kaempferol), catechin and flavones (luteolin).

The HPLC system model Dionex Ultimate 3000 RSLC equipped with a system of DAD and fluorescence detector was used.
The separation was performed with a Hypersil ODS C18 column (3.5 mm, 4.6 mm I.D x 150 mm; Thermo Scientific, Waltham,
MA, USA) fitted with a Hypersil ODS guard column. The column temperature was maintained at 25 �C. 0.1% formic acid/water
(v/v) (solvent A) and 0.1% formic acid/methanol (v/v) (solvent B) extractions were performed in the gradients as shown in
Table 1. The injection volumewas 10 mL at a flow rate of 1.0 mL/min. This study found that gallic acid and luteolin appeared at
the detection of 254 nm while catechin appeared at the detection of 330 nm. In contrast, rutin, quercetin and kaempferol
appeared at the detection of 370 nm. Measurements were performed in duplicate.36

Chromatographic peaks of selected bioactive compounds (rutin, quercetin, kaempferol, catechin, luteolin, and gallic acid)
were identified by comparing the retention times of the HPLC to external bioactive compound standards. The HPLC chro-
matograms for all six compounds are shown in Fig. 2a and b.
Table 3
Bioactive compounds analysis.

Bioactive compound Water extract (mg/g dry sample) Ethanolic extract (mg/g dry sample) 50% Ethanolic extract (mg/g dry sample)

Gallic acid 3.8 0.0 9.3
Rutin 174.7 15.0 322.7
Kaempferol 33.0 373.2 76.1
Catechin 0.0 0.0 0.7
Quercetin 36.3 77.6 25.2
Luteolin 0.0 2.7 1.3

41



S.N.H. Mohammad Azmin, M.S. Mat Nor Advances in Biomarker Sciences and Technology 2 (2020) 35e44
Result and discussion

Extraction yield

Extraction yield refers to the obtained crude extract from a dried plant sample through a solvent extraction procedure for
further isolation and utilisation.29 Table 2 shows the percentage of yield extracts from C.asiatica in three different solvents,
which arewater, ethanol and 50% aqueous ethanol. As can be observed in the table, water demonstrates the highest extraction
yield with 12.78% w/w followed by 50% aqueous ethanolic with 4.09% w/w, and ethanol with 1.84% w/w. The higher the
percentage of water content in the solvent, the higher the mass of crude extract will be obtained. This phenomenon occurs
because water is a better polar solvent as compared to ethanol, and it will attract polar and slightly polar compounds to be
part of the crude extract.22 Most of the bioactive compounds of plant matrices are highly polarisable. It is a result of the
presence of aromatic delocalised

Q
-electrons in their molecules.5 Besides, the effectiveness of solid-liquid extraction is also

influenced by the solvent type mainly due to the different polarity (different solvent ratio) and physical characteristic of the
sample as reported by.5 Generally, the polarity of the extracting solventmay have a significant impact on the yield of the crude
extracts. Water, ethanol, and 50% of ethanol were selected as extracting solvents due to index progression of their polarity.
The sequence of the highest to the lowest polarity index is water >50% aqueous ethanolic > ethanol with 9, 7.1 and 5.2,
respectively, as reported by.23 During extraction, solvents diffuse into the solid plant material and solubilise the compounds
with similar polarity. These solubilise compounds will diffuse out from the cell as the concentration of the compound in the
solvent is less than the concentration in the plant cell. The nature of the used solvent will define the type of bioactive
compounds possibly extracted from the plant.41 Therefore, while the solvent was removed in the crude extract using a rotary
evaporator, the compounds that bind to water remained in the crude extract. Besides, the temperature used in rotary
evaporator was 50 �C causing some of thewater was not fully vaporised as water boiling point is 100 �C. Thus, the final weight
of the crude extract may contain a small amount of water. However, this study was conducted to make sure that the optimum
amount of water was evaporated, where the weight of crude extract was measured several times until constant weight was
obtained. This constant weight of crude extract can be the indicator of the optimum amount of water evaporated.

Fig. 3 shows the % yield of crude extracts with different ratio of ethanol inwater. It offers both experimental and prediction
results, where the exponential equation for the experimental values is y ¼ 12:082e�1:939x ( y is % yield, and x is ethanol ratio
in the aqueous mixture) and R2 ¼ 0:9967. The percentage yield curve shows a clear exponential tendency, and an increase in
the water to ethanol ratio enhances the extraction yield. From this equation, the absolute percentage error then was
calculated using Equation (1).

The % errors were computed for all three % yields, with the error values range from 5.79 to 10.66%. As shown in Fig. 3, the
curves of experimental and prediction values of % yield are suited well. The exponential model then was validated with 0.2
ethanol ratio in water (the extraction using this ethanol ratio was conducted in this study), which this ratio is not included in
the graph and mathematical fits of the model. Surprisingly, the experimental and prediction values of % yield for this ratio is
almost the same, which are 9.20% and 8.20% respectively. The validation of the exponential equation model found that the
model fits best with the error of 12.21% as stated in Table 2. The accuracy of this model is satisfactory since the absolute
percentage errors are less than 15%. Nevertheless, this exponential equation is only limited to the application of the C. asiatica
extraction in ethanol and water mixture as a solvent. Thus, this model could be useful to be applied to the variation of ethanol
ratio in water in predicting % yield of crude extract of C.asiatica in an aqueous ethanol solvent.

Yield determination

The concentration for each bioactive compoundwas estimated using a peak area for each bioactive compound by referring
to the identified peak from HPLC chromatogram. The yield of rutin was measured in mg rutin per g of raw material used for
extraction. The measurement of yield for quercetin, kaempferol, catechin, luteolin, and gallic acid was also similar to rutin. All
the appeared peaks are shown in Fig. 4a, b and 4c.

HPLC analysis

Table 3 shows the list of bioactive compounds in C. asiatica extracts resulting fromHPLC analysis. Six bioactive compounds
(gallic acid, rutin, kaempferol, catechin, quercetin, and luteolin) are traced with a different concentration in the extracts. In
water extract, rutin is found to be the most abundant compound with 174.7 mg/g, followed by quercetin (36.3 mg/g) and
kaempferol (33.0 mg/g).

A different trend of bioactive compound concentrations can bewitnessed in the case of ethanolic extract, as shown in Table
3. From this table, an ethanolic extract presents the highest value of kaempferol with 373.2 mg/g, pursued by quercetin, rutin
and luteolinwith 77.6,15.0, and 2.7mg/g respectively. However, an ethanolic extract is detectedwith the absence of gallic acid
and catechin.2 investigated the extraction efficiency of water and 80%methanol on C. asiatica herbal tea. The study found that
quercetin (282 mg/g in water and 2379 mg/g in 80% methanol extracts), gallic acid (2105 mg/g in water and 3082 mg/g in 80%
methanol extracts), rutin (1196 mg/g in water and 4335 mg/g in 80% methanol extracts) and catechin (1498 mg/g in water and
1510 mg/g in 80% methanol extracts) were higher concentration in methanolic extract compared to the aqueous extract. In
contrast, kaempferol (4890 mg/g) and luteolin (217 mg/g) compounds were only detected in methanolic extract. These results
42
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showed the same observation with the current study where luteolin appeared in the alcoholic extract (ethanolic and 50%
ethanolic extracts). Methanol solvent has been generally found to be more efficient in the extraction of lower molecular
weight polyphenols9 while ethanol solvent has been known as a suitable solvent for polyphenol extraction and is safe for
human consumption.10 The current investigation proved that the ethanol solvent could be applied to extract the polyphenol
compounds. The addition of water to the ethanol presented a better performance in extracting all studied compounds even
though in a small amount.

It has been established that bioactive compound from flavonoids group was leading in 50% ethanolic extract26.26 proved
that 50% ethanolic extract gave the highest content of bioactive compounds in Sambucus nigra L. flowers. In this study, all of
the six bioactive compounds were detected in the 50% ethanolic extract. The list of bioactive compounds from highest to
lowest concentrations are ranking as follows: rutin (322.7 mg/g), kaempferol (76.1 mg/g), quercetin (25.2 mg/g), gallic acid
(9.3 mg/g), luteolin (1.3 mg/g), and catechin (0.7 mg/g). The reason for the presence of all six bioactive compounds in the
solvent might be caused by the addition of a small portion of water that would enhance the extraction efficiency. This case can
be observedmainly for catechin as it only appeared in 50% ethanolic extract. The diffusion of extractable bioactive compounds
through plant tissues could be improved under the swelling effect of water by increasing the surface area of contact between
solvent and solute.8

In overall, the highest amount of gallic acid (9.3 mg/g), rutin (322.7 mg/g), and catechin (0.7 mg/g) were detected in 50%
ethanolic extract as compared with other two solvents. Interestingly, catechin was only discovered in this solvent extract but
with only small concentration, less than 1 mg/g. However, kaempferol (373.2 mg/g), quercetin (77.6 mg/g), and luteolin (2.7)
were found the most abundant in the ethanolic extract as opposed to the other solvents. Besides, there are no compounds
with the highest concentration detected inwater, even though water is exposed to have the highest polarity index among the
different studied solvents. This case occurs because not all of the compound can be dissolved inwater while thewater diffuses
in the plant cell. Thus, the less bioactive compound was obtained in the water extract. Among all of these six bioactive
compounds in three different extracts, kaempferol, rutin and quercetin are considered as dominant compounds with the
amount of more than 15 mg/g, and gallic acid, luteolin and catechin were found in a small amount with less than 10 mg/g.
Results of this study showed that C.asiatica consist of a similar sequence in term of the highest to the lowest ranking in
flavonol groups, starting with kaempferol and followed by rutin, and quercetin same as results reported by.27 It shows that
C.asiatica contains a higher amount of quercetin as compared to the vegetables such as broccoli, kale, french beans, celery,
onions and cranberries that contain >0.05 mg/g of quercetin17,18.17 also reported the association between quercetin intake
and relative risk of death from coronary heart diseases.

Conclusions

In conclusion, different solvent results in different extraction yield. This study reveals that the exponential equation can be
used to calculate the extraction yield of C.asiatica extracted in ethanol and its aqueous solvents. The equation gives a small
value of percentage error, which is 12.21%. 100% ethanol, as extract solvent showed the best solvent for the extraction of
kaempferol, quercetin and luteolin while 50% ethanol was the best solvent in extracting gallic acid, rutin and catechin. From
the result, it can be concluded that C.asiatica consists of high flavonols and flavanals contents. Therefore, the use of C.asiatica
as a salad or medicine purposes can give positive side effects as the reported bioactive compounds content play a significant
role in contributing to antioxidant activity.
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