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The present study aims at finding out the optimum parameters for the extraction of components from
Betel leaves possessing medicinal applications using ethanol solvent by Soxhlet apparatus. The optimum
conditions for the extract were calculated based on the extract yield by varying four parameters: mate-
rial quantity (A: 2-4g), solvent quantity (B: 250-300 ml), mantle temperature (C: 65-75 °C) and extrac-
tion time (D: 1-3 hours) and optimized using a four factor three level Box-Behnken response surface
design (BBD) coupled with desirability function methodology. Results showed that temperature and ex-
traction time had significant effect on yield of extract. Optimum conditions for highest yield of extract
(10.94%) are as follows: material quantity (2 g), solvent quantity (281.4 ml), temperature (72 °C) and time
(3 hours). The extract at the maximum yield condition was analyzed for phytocomponents by FTIR and
GC-MS. The results indicated the presence of Hydroxy chavicol (69.46%), 4-Chromanol (24%) and Eugenol
(4.86%), which possess wide application including as antioxidant, anti-inflammatory, anti-platelet and an-

tithrombotic, antibacterial and antifungal agents.

© 2017 Tomsk Polytechnic University. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Piper betel, belonging to the piperaceae family, is one of the
precious medicinal herbs found in central and eastern Malaysia,
Southeast Asia. In India, it is commonly known as Paan, which
is second to tea and coffee based on daily consumption. In spite
of its alienness, the plant is much more popular in India than in
any other country in the world since antiquity. This would be evi-
dent from the numerous citations laid down in the ancient litera-
ture, particularly the Indian scriptures [1,2]. Betel leaves are very
nutritive and contain substantial amount of vitamins and min-
erals [3]. The leaves also contain the enzymes like diastase and
catalase besides a significant amount of several essential amino
acids including lysine, histidine and arginine [1,2,4-6]. Most of the
previous studies on Betel leaf concentrated more on the compo-
nents present in betel leaf extract [7-12]. There is a large scope
in determining an appropriate extraction technique that extracts
the phyto-components from betel leaves. Selection of solvent is an
important aspect in any extraction; in general, solvents, such as
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methanol, ethanol, acetone, propanol and ethyl acetate, have been
commonly used for the extraction of phenolics from fresh prod-
ucts [13]. Appropriate extraction technique coupled with the op-
timization of the parameters involved in extraction and using a
right optimization technique proves essential in order to capture
medicinal components for further processing in pharmaceutical
industries.

Scientific research on betel leaf reveals that it possesses many
beneficial bioactivities and its extract has a great potential to be
used in developing commercial products [14-19]. Though research
has been done extensively on the components of betel leaf, its
medicinal properties and potential applications, few research stud-
ies focused on the maximization of the yield of extract for various
parameters.

The present study mainly concentrates on maximizing the yield
of the extract by varying the parameters such as quantity of ma-
terial fed, quantity of solvent, heating temperature in the mantle
and extraction time. Further, the optimization of parameters us-
ing right optimization tools would reduce number of experimen-
tation focusing on maximum medicinal components of betel leaf
for further processing. The prediction of number of experiments
to be performed was governed by using an appropriate response
surface model as in Design Expert 9.0.4.1 software. Sirisomboon
and Kitchaiya [20] reported that the total amount of oil extracted
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Fig.1. Final extract before (A1) and after evaporation of solvent (A2).

using Soxhlet from jatrohpa kernels depends mainly on the ex-
traction time and temperature. Ahmad et al. [21] reported the ef-
fects of extraction time and solvent type on the extracted oil of
Herba leonuri, a medicinal plant. Authentication of plant mate-
rial should be done before performing extraction. Any foreign mat-
ter should be completely eliminated. Selection of right extraction
procedure considering the pros and cons of other extraction al-
ternatives is a key step in extraction. Soxhlet extraction has been
the most used extraction technique worldwide for a number of
decades, surpassing the performance of other extraction alterna-
tives and being used as an efficiency reference for the comparison
of its conventional and new counterparts [21]. Being a continuous-
discrete technique, it shows some important advantages. Specifi-
cally, in Soxhlet extraction, the sample is repeatedly brought into
contact with fresh portions of solvent facilitating the displacement
of the transfer [22].

Variables such as temperature, extraction time, material and
solvent quantity on the extraction yield of extract were optimized
using a four factor three-level Box-Behnken response surface de-
sign coupled with desired function methodology. Box-Behnken de-
sign has proven to be an extremely valuable tool, it not only helps
in determining the accurate optimum values of experimental pa-
rameters but also provides the possibility to evaluate the inter-
action between variables with a reduced number of experiments
[23]. The optimized controlled conditions determined in this study
should offer important reference values for any subsequent stud-
ies. The solvent used for extraction was ethanol, a polar molecule
due to the presence of OH group, which attracts non-polar sub-
stances because the ethyl (C,Hs) in ethanol is non-polar. Thus, it
can dissolve both polar and non-polar substances.

During Soxhlet extraction, the system remains at a relatively
higher temperature by effect of the heat applied to the distilla-
tion flask reaching the extraction cavity to some extent. In addi-
tion, no filtration is required after leaching and sample throughput
can be increased by performing several simultaneous extractions
in parallel, which is facilitated by the low cost of the basic equip-
ment [24]. The sample corresponding to the maximum yield was
analyzed for functional groups and the corresponding compounds
and their quantity were analyzed by FTIR and GC-MS respectively.
FTIR is certainly one of the most important analytical techniques
available for identifying the types of chemical bonds (functional
groups) present in compounds. By interpreting the infrared ab-
sorption spectrum, the chemical bonds in a molecule can be de-
termined. GC-MS technique was used in this study to identify the
components present in the extract. The structures of the compo-
nents were identified using a mass spectrophotometer.

The objectives of the study include setting up different exper-
imental parameters for Soxhlet extraction and performing selec-

tive experiments as per Design of Experiments (DOE) 9.0.4.1 Box-
Behnken methodology; finding out optimum conditions for Betel
leaf extract based on the effect of various parameters like solvent
quantity, leaf mass fed, mantle heating temperature and contact
time; and the influence of these parameters on the mass of extract
obtained. The FTIR and GCMS analysis was done for the sample at
the optimum condition to the components present in the extract
corresponding to maximum yield.

2. Experimental methods
2.1. Materials

The plant materials Piper betle leaves used for performing ex-
traction was purchased from local market of Vellore, India. The in-
struments used for analysis of components in extract are as fol-
lows: FTIR (Fourier Transform Infrared radiation) Spectrometer -
Shimadzu IR affinity-1, and GC-MS (Gas Chromatography and Mass
spectroscopy): GC - Perkin Elmer GC Clarus 680 system and MS -
Clarus 600 system (GC-MS).

2.2. Extraction parameters

The parameters include material quantity: 2g, 3g, 4g; solvent
quantity: 250 ml, 275 ml, 300 ml; mantle temperature: 65 °C, 70 °C,
75 °C and extraction time: 1 hour, 2 hours and 3 hours. The 4 fac-
tors (parameters) with 3 levels gave a total of 29 selective experi-
ments (in randomized order), as per Design Expert software 9.0.4.1,
Box-Behnken response surface design. The final mass of extract af-
ter vaporization of solvent corresponding to each experiment was
calculated and the respective percentage yield of extract was gov-
erned. Crude extract after the evaporation of the solvent is shown
in Fig. 1.

The extraction yield is a measure of the solvent’s efficiency to
extract specific components from the original material and it was
defined as the amount of extract recovered in mass compared with
the initial amount of whole plant. It is presented in percentage (%)
and was determined for each technique tested. Further, the ex-
tract corresponding to maximum percentage yield was analyzed
for components by FTIR and GCMS analysis.

2.3. FTIR analysis

FTIR spectroscopy utilizes ceramic light source with DLATGS de-
tector and an interferometer. The sample was placed between in-
terferometer and detector. Ceramic rods, used to produce infrared
light source, produce corresponding interferogram in the detector
when they fall on the sample. This interferogram obtained from
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Table 1
Experimental results.
Factor 1 Factor 2
A: material B: solvent Factor 3 Factor 4 Mass of Response Predicted
Quantity Quantity C: Temperature D: extract yield yield
Run (g) (ml) (°C) time (hours) (g) % %
1 2 275 65 2 0.154 7.70 7.72
2 3 250 75 2 0.252 8.40 8.54
3 4 275 70 1 0.282 7.05 7.35
4 3 275 65 3 0.288 9.63 9.62
5 4 275 65 2 0.324 8.10 8.03
6 3 275 75 3 0.316 10.56 10.53
7 4 275 70 3 0.416 10.40 10.71
8 3 300 65 2 0.228 7.60 7.76
9 3 275 70 2 0.273 9.10 9.02
10 3 300 70 1 0.196 6.56 6.97
11 3 275 75 1 0.231 7.70 7.33
12 2 275 70 1 0.135 6.75 6.75
13 3 300 70 3 0.309 10.30 10.36
14 3 300 75 2 0.265 8.86 8.91
15 3 275 70 2 0.267 8.93 9.02
16 3 275 70 2 0.273 9.10 9.02
17 4 275 75 2 0.372 9.32 9.38
18 3 250 70 1 0.180 6.00 6.01
19 3 275 65 1 0.172 5.76 541
20 2 275 70 3 0.216 10.8 10.81
21 4 250 70 2 0.350 8.77 8.62
22 2 300 70 2 0.185 9.25 9.01
23 2 250 70 2 0.162 8.10 8.15
24 3 275 70 2 0.270 9.00 9.02
25 3 250 70 3 0.310 10.36 10.04
26 3 275 70 2 0.270 9.00 9.02
27 3 250 65 2 0.198 6.60 6.86
28 4 300 70 2 0.378 9.47 9.03
29 2 275 75 2 0.181 9.05 9.20
Table 2
Analysis of variance for response surface quadratic model of yield of extract.
Sum of Mean F P value
Source squares df square value —_—
Prob > F
Model 52.667 14 3.761 44.935 <0.0001
A - material quantity 0.181 1 0.181 2.165 0.1633
B - solvent quantity 1.213 1 1.213 14.499 0.0019
C - temperature 6.032 1 6.032 72.057 <0.0001
D - time 41193 1 41.193 492.040 <0.0001
AB 0.050 1 0.050 0.604 0.4497
AC 0.003 1 0.003 0.046 0.8321
AD 0.12 1 0.12 1.46 0.2464
BC 0.071 1 0.071 0.85 0.3723
BD 0.10 1 0.10 1.20 0.2922
cD 0.25 1 0.25 2.99 0.1060
A? 0.092 1 0.092 1.10 03114
B2 1.26 1 1.26 15.00 0.0017
(< 2.06 1 2.06 24.65 0.0002
D? 0.37 1 0.37 447 0.0530
Residual 117 14 0.084
Pure error 0.021 4 5.222E-003
Cor total 53.84 28 R-Squared 0.9782
Std. dev. 0.29 Adj R-Squared 0.9565
Mean 8.56 Pred R-Squared 0.8762
CV. % 3.38 Adeq Precision 25.950

the spectroscopy was Fourier transformed and the resultant spec-
trum was analyzed using chemometric Technique.

2.4. GC-MS analysis

GC-MS analysis of the extract was performed using a Perkin
Elmer GC Clarus 680 system and gas chromatograph interfaced to
a Mass Spectrometer Clarus 600 system (GC-MS) equipped with
Elite-1 fused silica capillary column (30m x 1pul was Mdf, com-
posed of 100% Dimethyl poly siloxane). For GC-MS detection, an
electron ionization energy system with ionization energy of 70

eV was used. Helium gas (99.999%) was used as the carrier gas
at a constant flow rate of 1ml/min and an injection volume of
1ul was employed (Split ratio of 10:1). Injector temperature was
250°C. The initial oven temperature was programmed from 60 °C
for 2 min, with an increase of 10 °C/min to 300 °C, ending at 6 min.
Mass spectra were taken at 70 eV; scan interval, 0.5 seconds and
fragments, from 50 to 600 Da. Total GC running time was 32 min.
The relative percentage amount of each component was calculated
by comparing its average peak area to the total areas. Software
adopted to handle mass spectra and chromatograms was Turbo-
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Mass Ver 5.4.2. Compound identification was obtained by compar-
ing the retention times with those of authentic compounds and
the spectral data obtained from library data of the corresponding
compounds.

3. Results and discussion

The various parameters investigated for maximum percentage
of extraction of betel leaf, the mass of extract and the correspond-
ing yield for the 29 experiments are shown in Table 1 . The pre-
dicted yield (%) was obtained using the second-order polynomial
equation obtained in ANOVA. As analyzed using ANOVA (Table 2),
the higher model F-value (44.935) and the associated lower p-
values (p <0.0001) demonstrated that the polynomial regression
models were suitable to determine optimum conditions for the ex-
traction of the three components. The p-values of the two main
variables (temperature and extraction time) were less than 0.0001
indicating that change of temperature and extraction time had sig-
nificant effects on the yield of extract [25,26], whereas for mate-
rial and solvent quantity it was more than 0.0001 indicating that
these quantities had relatively lesser effect on the yield of extract.
High R? (0.9782), adj-R? (0.967) and pre-R? (0.912) values indicate
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- yield (%)
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that the variation could be accounted for by the data satisfacto-
rily fitting the model. Adequate precision measures the signal-to-
noise ratio. A ratio greater than 4 is desirable [27]. Since CV is a
measure expressing the standard deviation as a percentage of the
mean, smaller values of CV give better reproducibility. The coeffi-
cient of variation (CV) of less than 10 clearly exhibits a very high
degree of precision and good reliability of the conducted experi-
ments [28].

By applying multiple regression analysis on the experimental
data, the dependent variable and independent variable are related
by the following quadratic equation with interactive parameters:

yield% = —209.2487 + 1.4320 % X + 0.5008 x Xg
+3.712 %+ Xc + 8.5797 % Xp — 4.5 x 107> % X,y # X
—6.25 x 1072 % Xa * Xc — 0.175 % X» * Xp

—1.06 x 1073 % Xg * Xc — 6.33 x 1073 % X5 * Xp
—0.05 % Xc * Xp + 0.1193 % X2

—7.04 x 1074 % Xg2 — 0.0225 * X2 — 0.24 * Xp2

where, X, is material quantity (g); Xg is solvent quantity (ml); Xc
is Temperature (°C); and Xp is time (h). After setting up the cri-
teria for optimization, i.e, maximum yield percentage and inde-

yield (%)

60

C: temperature (deg C)

yield (%)

C: temperature (deg C)

A: material quantity (g)

Fig.2. (a) 3-D response surface and 2-D contour plot for the effect of material and solvent quantity on yield % at constant temperature (71.91°C) and time (3 hours). (b) 3-D
response surface and 2-D contour plot for the effect of material quantity and temperature on yield % at constant solvent quantity (281.434ml) and time (3 hours). (c) 3-D
response surface and 2-D contour plot for the effect of material quantity and time on yield % at constant solvent quantity (281.434 ml) and temperature (71.91 °C). (d) 3-D
response surface and 2-D contour plot for the effect of solvent quantity and temperature on yield % at constant material quantity (2g) and time (3 hours). (e) 3-D response
surface and 2-D contour plot for the effect of solvent quantity and time on yield % at constant material quantity (2g) and temperature (71.91 °C). (f) 3-D response surface
and 2-D contour plot for the effect of temperature and time on yield % at constant material quantity (2 g) and solvent quantity (281.434 ml).
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Fig.2. Continued

pendent variables in range, the Ramp solution showed a desirabil-
ity of 0.948. The optimum values were as follows, yield percent-
age: 10.9436, material quantity: 2 g, solvent quantity: 281.434 ml,
temperature: 71.91 °C and time: 3 hours. Fig 2 a-f represents the
response surface plots (3D) and 2-D contour plots showing the
effects of variables (A: material quantity (g); B: solvent quantity
(ml); C: temperature (°C); D: time (h)) on the response yield per-
centage of extract.

3.1. Effect of extraction time

The greater the time of contact, the greater is the number of cy-
cles (greater the number of times the fresh solvent comes in con-
tact with the sample in thimble) and hence there is higher pos-
sibility of extracting components from the material. Attributing to
this fact, the extraction time corresponding to 3 hours as shown in
Fig. 3a gave a higher yield to that corresponding to lower extrac-
tion time (1 and 2 hours) [21].

3.2. Effect of temperature

It was observed that the percentage yield increases with in-
crease in temperature. A higher temperature favors faster diffu-
sion and better extraction of sensitive substances. The mass trans-
fer coefficient of the extraction process also increases with tem-
perature thus effecting the diffusion [29]. Thus, the yield percent-

age increased with increase in extraction temperature from 65 °C
to 72°C as given in Fig. 3b. Increasing temperature favored ex-
traction by enhancing both the solubility of solute and diffusion
coefficient from a solid matrix to a liquid matrix as mentioned
by Luthria [22]. Despite the fact that increasing temperature has
the positive effect on the extraction yields, increasing temperatures
also affect the stability of phenolic compounds. When extracting
phenolic compounds from olive leaves at higher temperature, both
effects need to be considered [30]. Temperatures above 72 °C prob-
ably caused a decrease in the extraction yield for a known mate-
rial quantity due to possible degradation of phenolic compounds,
caused by hydrolysis, internal redox reactions and polymerization
[31].

3.3. Effect of solvent quantity

An increase of solvent to solid ratio increases the concentration
gradient and thus the rate of diffusion of the compounds from the
solid to the solvent results in an increased extraction yield. In ad-
dition, the chance of bio-active components coming into contact
with extracting solvent expanded with increased amount of ex-
traction solvent, leading to higher leaching-out rates [32]. This fact
can be attributed to the increase in yield percentage with solvent
quantity from 250 ml to 281.43 ml as shown in Fig. 3c; further in-
crease in the solvent quantity above 281.43 ml saturation occurred
and not much pronounced effect was observed up to 300 ml.
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Table 3

FTIR analysis of sample corresponding to maximum yield.

Wave number, cm~! Bond Functional group

3311.78 (m) N-H, O-H  Amines, Monomeric - Alcohols, Phenols
2927.94 (w) O-H Carboxylic acids

1707.00 (m) N-H Amines

1367.53 (v) CH Alkanes

1045.42 (s) Cc-0 Alcohols, Ethers, Carboxylic acids, Esters
879.54 (m) C-H Alkenes

3.4. Effect of material quantity

Upon increasing the material quantity, the mass of extract in-
creases, but there was no significant effect on yield of extract ob-
tained. The effect of material quantity on yield of extract is shown
in Fig. 3d. It was observed that the yield of extract correspond-
ing to 2 g with 281.4ml solvent was highest. The yield percentage
decreased later and then slightly increased and became constant.
Much pronounced effect of material quantity is expected on yield
percentage of extract upon increasing the quantity to 10-15 g.

3.5. FTIR spectral data analysis

The FTIR analysis of ethanolic extract of betel leaves corre-
sponding to maximum yield as shown in Fig. 4 confirmed the
presence of amines, monomeric - alcohols, phenols; carboxylic
acids; alkanes; ethers, esters and alkenes, which show major peaks
at 3311.78; 2927.94; 1707.00; 1367.53; 1045.42; and 879.54 (cm~!)
respectively (Table 3) based on the source of absorption intensity
(relative transmittance i.e., weak, w, medium, m or strong, s).

3.6. GC-MS interpretation

Interpretation on Mass-Spectrum GC-MS was carried out with
reference to the database of National Institute of Standards and
Technology (NIST). The spectrum of the unknown components was
compared with spectrum of known components stored in NIST li-
brary. The GC-MS analysis of betel extract revealed the presence of
five phytocomponents as in Fig. 5 . The presence of the phytocom-
ponents was confirmed based on the peak area, retention time and
molecular formula. The phytocomponents include hydroxychavicol
(69.464%), 4-chromanol (24%), eugenol (4.86%), 1-phenylpropene-
3,3-diol diacetate (0.923) and 4-allyl-1,2-diacetoxybenzene (0.765)
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Fig.4. FTIR image of the extract corresponding to maximum yield.
Table 4
GC-MS analysis of sample corresponding to maximum yield.
S.No RT Scan Height x 10° iV Areax 10° pVs  Area% Norm%  Compound name Formula MW
1 11.492 1738 0.443 0.025 0.923 133 1-Phenylpropene-3,3-diol diacetate Ci13H1404 234
2 13.068 2053 2.926 0.135 4.857 6.99 Eugenol CioH1206 164
3 13.098 2059 5.601 0.670 23.992 3454  4-Chromanol CoH1002 150
4 13.583 2156 0.384 0.0213 0.765 1.10 4-Allyl-1,2-diacetoxybenzene Ci3H1404 234
5 14.423 2324 14.535 1.940 69.464  100.00 Hydroxy chavicol (1-allyl-3, 4-dihydroxybenzene)  CgH;00; 150

391
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Fig.5. GC-MS image of the extract corresponding to maximum yield.

listed in Table 4 . Hydroxychavicol is one of the major pheno-
lic compounds which were reported to possess antinitrosation,
anti-mutagenic, and anticarcinogenic effects; besides this, it has
an enormous potency to act as an antioxidant, antiinflammatory,
anti-platelet and antithrombotic agent without impairing hemo-
static function [33]. 4-Chromanol has antioxidant activity [34,35].
Eugenol found in the present study has antibacterial and antifungal
activities [36]. 4-Allyl-1,2-Diacetoxybenzene, Chavicol and Eugenol
are components of Betel extract responsible for anti-fungal med-
icated activity in shampoo against pityrosporum ovale, yeast that
causes dandruff [25,37].

4. Conclusions

The variable parameters (independent variables) considered in
Soxhlet extraction for performing extraction of Betel leaves at
their respective range levels were successfully optimized by Box-
Behnken response surface methodology and the maximum yield
was calculated by numerical optimization using Design Expert
9.0.4.1 software. The optimum parameters for yield (10.94%) of
extract correspond to material quantity (2g), solvent quantity
(281.434 ml), temperature (71.91°C) and time (3 hours). The model
graphs suggest that the mantle temperature and extraction time
had a significant effect on yield of extract (p <0.001) whereas
for the mass and solvent quantity (p>0.001) suggested relatively
lesser effect on yield of extract. The increase of percentage yield
(response) with extraction time was almost linear from 1 to 3
hours. The response with change in mantle temperature and sol-
vent quantity showed an increase up to 72 °C and 281.43 ml re-
spectively, and later decreased. Not much pronounced change in
response was observed upon changing material quantity. The FTIR
analysis of ethanolic extract of betel leaves corresponding to the
maximum percentage yield confirmed the presence of amines,
monomeric-alcohols, phenols; carboxylic acids; alkanes; alcohols,
ethers, carboxylic acids, esters and alkenes, which showed major
peaks at 3311.78; 2927.94; 1707.00; 1367.53; 1045.42; and 879.54
(cm~1). The GC-MS analysis of extract corresponding to maximum
yield of extract confirms hydroxy chavicol (69.46%), 4-chromanol
(24%) and eugenol (4.86%), which possess wide application includ-
ing as antioxidant, anti-inflammatory, anti-platelet and antithrom-
botic, antibacterial and antifungal agents.
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