
Effect of Irradiation Time, Solvent
to Solid Ratio and Power
on Microwave-Assisted Extraction
of Colubrina asiatica

Nurul Nadrah Mohd Zabidi, Eraricar Salleh, Norhayati Pa’e,
Yanti Maslina Mohd Jusoh, and Khairul Azly Zahan

Abstract In the past decades, herbal plants had been used widely by indigenous
or even urban people for disease treatment or taken orally as appetizers, including
Colubrina asiatica (C. asiatica) or known as Peria Pantai. Previous studies reported
that this plant contains a high amount of active compounds that are responsible
for foaming ability and various bioactivities. However, these active compounds are
sensitive towards many factors; temperature, pH, light, and others in the production
line. Thus, this study was conducted to optimize the extraction conditions using
microwave-assisted extraction (MAE) using Response Surface Methodology (RSM)
and the Box-Behnken Design method was selected. The parameters used in RSM
were irradiation time (3, 5, and 7 min), solvent to solid ratio (10, 20, and 30 mL/g),
and power (300, 400, and 500W). The optimal extraction for the extract was 6.06min
irradiation time, solvent to solid ratio 28.31 mL/g, and 445 W of microwave power
provide 42.63 w/w %. The actual yield value from the experimental procedure was
43.1 ± 0.05 w/w %. The total saponin content of the extract was determined using
Folin-Ciocaltaeu’s colorimetricmethodwith a reading of 15.36± 0.001mgESE/mg.

Keywords Colubrina asiatica · Foaming agent ·Microwave-assisted extraction ·
Solvent extraction · Ultrasonic-assisted extraction

1 Introduction

Nowadays, the majority of the world’s population uses various cleansing agents in
their daily lives to maintain proper hygiene and avoid germs or bacterial infections
that can cause undesired diseases, especially the millions of people in the vast rural
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areas of developing countries. In the formulation of either cosmetic or pharmaceutical
products, a surfactant is often present, which is usually used as detergent and emulsi-
fier. The major concern is that most of the ingredients that comprise these cleansing
agents are chemical-based, including synthetic surfactant that is harmful to human
health. Examples of those chemical-based ingredients are sodium lauryl sulphate
(SLS) and ammonium laurel sulphate (ALS). Chemical-based foaming agents that
are extensively applied worldwide in food, cosmetics, and pharmaceutical prepara-
tions can be harmful to human health and the environment. It may also lead to skin
reactions such as inflammation and can cause irritant contact dermatitis [10]. Gener-
ally, the inclusion of a natural foaming agent as a substitute for the chemical-based
foaming agent will result in a significant improvement to its consumer-friendly and
environmentally friendly qualities. In addition, the presence of a natural foaming
agent would lead to an increase in ecosystem conservation effort and a decrease
in chemical pollution. Thus, the next logical approach is to replace chemical-based
ingredients with natural ones.

Aside from the effectiveness of cleansing agents towards dirt and stains, the
antimicrobial activity of the cleansing agent needs to be considered as well in order
to maintain its hygiene. Somemedicinal plants, such asC. asiatica, can act as antimi-
crobial agents [13]. C. asiaticawas chosen in this study because it believes to contain
high saponin content that will possess foaming properties. Chen et al. [3] reported
that crude saponin content in the seed of C. oleifera was 8.34% and its total saponin
content in the crude saponin extract was 39.5% (w/w). Besides that, the potential of
C. asiatica as a natural foaming agent has yet to be widely explored. Therefore, this
research could present a new approach in the selection of a natural foaming agent
and cleansing agent production studies in the sense that it will produce a product
with good and safer properties for human consumption. Also, some natural foaming
agents that have been studied previously have less stability of foam and possess weak
foam properties. According to Somdee et al. [20], C. asiatica has exceptional advan-
tages in phytomedicine because of the diversity in biological activities, including
antimicrobial, anti-inflammatory, and antioxidant effects.

Microwave-assisted extraction (MAE) is a green extraction techniquewith shorter
irradiation time, less solvent used, and lower CO2 emission compared to other
conventional extraction methods [19]. Ahmad et al. [1] reported the used of MAE
for encapsulation of anthocyanin-rich product are environmentally friendly, low-
cost, low energy and require short processing period. Other researcher also reported
higher yield of saponin extract from Safedmusli usingMAEwhen compared to other
extraction technique such as maceration, soxhlet and sonication [4]. Therefore, this
study aims to optimize the extraction of C. asiatica by using MAE with three main
parameters, which were time, microwave power, and solvent to solid ratio, to give
the best yield of saponin.
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2 Methodology

2.1 Preparation of Colubrina asiatica Leaves Samples

Colubrina asiatica (C. asiatica) leaves were carefully washed with tap water to
remove undesired substances or particles. After that, the samples were dried for a day
using an oven (Memmert, Germany). The leaves ofC. asiaticawere left in the oven at
52 °C for 2 days to make sure that they were completely dry. The dried samples were
ground using a commercial electric blender (Waring® Products Division, U.S.A.).
Then, the sample powder was sieved to obtain particles of small size. For further
experimental work, the dried sample was placed in a sealed transparent container
and stored in a −30 °C freezer to maintain the optimum condition and freshness of
the sample.

2.2 Extraction of Colubrina asiatica Leaves Using
Microwave-Assisted Extraction

A method from Kerem et al. [7] was modified and used for the extraction of C.
asiatica using MAE, in which 95% methanol was used as a solvent instead of water.
Extraction solvents have a significant effect on the yield of bioactive compounds,
and methanol has been found to be superior to other solvents for the extraction of
saponins. TheC. asiatica leaves powderwasweighed according to the solvent to solid
ratio at a fixed volume of solvent; 40 mL. For the ratio of solvent to solid 10:1, 4 g of
leaves powder were used. The mixture was poured into a 100 mL round bottom flask
and was placed inside a microwave. The mixture was irradiated in a closed system
microwave extractor using two levels of heating: 1 min of preheating to set tempera-
ture and irradiation time based on the experimental design. The extraction procedure
was performed via MAE using MAS-II Plus Microwave Synthesis/Extraction Reac-
tion Workstation (SINEO Microwave Chemistry Technology Co. Ltd., China). The
temperature was set at 60 °C, and the solvent volume was 40 mL. The mixture was
filtered using a vacuum pump (model: DOA-P504-BN) with Whatman qualitative
filter paper No 1 and then the solvent was evaporated completely using a rotary evap-
orator (IKA RN10 Digital, Germany). The extracts were stored in a 4 °C refrigerator
for further analysis. The experimental processes were performed in triplicate and the
average values were calculated.
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Table 1 Independent parameters for C. asiatica extraction

Parameters Coded factor Factor level

−1 0 +1

Irradiation time (min) A 3 5 7

Solvent to solid ratio (mL/g) B 20 30 40

Power (W) C 300 400 500

2.3 Optimization of Colubrina asiatica Extract by Using
Microwave-Assisted Extraction

Table 1 shows the independent parameters of Box-Behnken Design (BBD) that
include irradiation time (A), solvent to solid ratio (B), and power (C). The range
of the parameters was set according to the preliminary results obtained prior to the
optimization process. BBD was chosen because it has been frequently applied in
analytical method optimizations due to its advantages, which include the reduction
of the number of experiments. This advantage resulted in lower reagent consumption
and significantly less laboratory work considering its ability to developmathematical
models to evaluate the significance of the relation between the factors [5]. A total of
17 runs were generated using BBD in the Design of Expert version 6 software, as
shown in Table 2.

The design included 1 block, 5 center points to assess pure error and the parameters
values were fitted according to Eq. 1 as a polynomial equation:

Y = α0 + α1A + α2B + α3C + α11A
2 + α22B

2 + α33C
22+ α12AB + α13AC

(1)

where; Y represents the total oil yield in MAE while αij values represent constant
regression coefficients, A: Irradiation time, B: Solvent to Solid Ratio and C: Power

2.4 The Yield of Colubrina asiatica Leaves Extract

After all extractions completed, the extract was filtered to remove undesired particles,
and the extracts were evaporated by using a rotary evaporator to separate the solvent
and the crude extract. All the extract was stored in the refrigerator under 4 °C until
further analysis. The weight of extracts was recorded. Then the percentage of yield
was calculated according to the equation shown in Eq. 2.

Yield(w/w) (%) = Weight o f extract produced (g)

Weight o f ground sample (g)
× 100 (2)
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Table 2 Independent
parameters for C. asiatica
extraction

Run Time, min (A) Solvent to solid ratio,
mg/L (B)

Power, W (C)

1 7 30 400

2 3 20 300

3 7 10 400

4 5 20 400

5 3 30 400

6 7 20 300

7 5 30 500

8 5 30 300

9 3 20 500

10 5 20 400

11 5 20 400

12 5 20 400

13 7 20 500

14 5 10 500

15 5 10 300

16 5 20 400

17 3 10 400

2.5 Determination of Saponin

The saponin content was measured according to the method described by Vuong
et al. [21] and Pham et al. [16]. Briefly, 0.25 ml of the extract was sequentially mixed
with 0.25 ml of 8% (w/v) vanillin solution and 2.5 ml of 72% (v/v) H2SO4, which
then was incubated in a water bath (Ratek, Ratek Instruments Pty., Ltd., Victoria,
Australia) at 60 °C for 15 min. The solution was then cooled in an ice water bath
to room temperature (RT). The absorbance was measured at 560 nm using a UV–
VIS spectrophotometer (Cary 50 Bio, Varian Australia Pty., Victoria, Australia).
Aescin was used as the standard, and different concentrations of aescin from 100 to
1000 μg/mL were prepared to generate the standard curve. The content of saponin
was expressed as mg aescin equivalents per gram of dried sample (mg ESE/g). The
total saponin content concentrationwas calculated by using leaves powder dryweight
and extract volume following the Eq. 3.

Total saponin content concentration (%) =
mgESE

volume of extract

gDW of ground sample
(3)
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3 Results and Discussion

3.1 Effect of Irradiation Time on Total Yield of Colubrina
asiatica

Figure 1 shows the experimental result for the effect of irradiation time on the extract
yield (w/w) %. Based on Fig. 1, the results show that the highest extract yield was
obtained at time 5 min with 41.27 (w/w) % followed by irradiation time of 7 min,
20 min, 10 min and 3 min with oil yield of 33.10 (w/w)%, 31.49 (w/w)%, 24.95
(w/w)% and 24.40 (w/w)% respectively. The result shows that the extract yield
increased from 3min to 5min but decreased for the extraction time of 7min onwards.
The highest extract yield percentage at 5 min was significant (P < 0.05) compared
to other irradiation times. Extract yield percentage from irradiation time of 10 and
20 min did not show a significant difference with statistical analysis (P > 0.05) of
extract yield compared to 3, 5 and 7 min.

These results show that if the ground leaf was exposed to irradiation time for a
longer time, it could not yield the highest amount of extract. This result is supported by
previous research by Ren et al. [17], who discovered that the highest yield of steroid
saponins from Dioscorea zingiberensis by using microwave-assisted extraction was
at 5 min. Koyu et al. [8] reported a significant decrease in anthocyanin content from
Morus nigra fruits when the extraction was done at 15 min. In contrast, it was at the
highest yield when extracted for 10 min.

It shows that longer irradiation time does not yield more targeted bioactive
compounds, but it might reduce targeted bioactive metabolites content because of
the simultaneous extraction of other compounds. This is because the irradiation time
is affected by the dielectric properties of the solvent. Extreme heat up may occur
on extensive exposure to microwave heating for solvents like water, ethanol and
methanol [11]. Minimum time extraction was desirable to minimize the usage of
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Fig. 1 Percentage of C. asiatica total yield based on different irradiation time. Different letters on
top column indicate significant difference (P-value < 0.05)



Effect of Irradiation Time, Solvent to Solid … 317

power. Thus, for this study, the temperature range for optimization was set up from 3
to 7 min only because 10 and 20 min did not show significant extract yield extracted
(P > 0.05).

3.2 Effect of Solvent to Solid Ratio on Total Yield of C.
asiatica

Figure 2 shows the experimental result for the effect of solvent to solid ratio on
the extract yield (w/w) % of C. asiatica. It shows that the highest extract yield was
obtained at solvent to solid ratio of 30 mL/g, followed by 40 mL/g, 20 mL/g and
10 mL/g with extract yield of 41.51 (w/w) %, 39.42 (w/w) %, 36.70 (w/w) % and
27.72 (w/w) % respectively. The extract yield increased with the increasing of ratio,
however, became depleted at 40 mL/g. Extract yield extracted for the solvent to solid
ratio of 10–30 mL/g was significant (P < 0.05) to each other. It showed that there
was no significant difference (P > 0.05) in the extract yield was observed between
30 and 40 mL/g.

Based on Fig. 2, it can be deduced that higher solvent to solid ratio did not
guarantee more extract yield. This shows that MAE does not require a high quantity
of solvent to obtain an optimum yield of extract from C. asiatica leaf. Yuan et al.
[22] reported a similar pattern of result on the extraction of Vaccaria segetalis with
different solvent to solid ratio from 10 to 50 mL/g where the extract yield was
increased from 10 to 30 mL/g but started to decrease after 40 mL/g.

A higher ratio of solvent volume to solid is commonly desirable for effective
extraction process in conventional extraction methods. This is in line with results
proposed by Hu et al. [6] which stated higher ratio of solvent volume provide greater
contact area for higher yield of total saponins. However, homogeneous and effective
heating was ensured by using the optimum solvent to solid ratio. This shows that
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Fig. 2 Percentage ofC. asiatica total yield based on different solvent to solid ratio. Different letters
on top column indicate significant difference (P-value < 0.05)
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MAE process required adequate amount of solvent because higher ratio may yield
lower recoveries, which may be due to insufficient stirring to distribute the sample
thoroughly through the solvent in the MAE [11]. Based on these results, 40 mL/g
was excluded in the range of the parameters for optimization due to its effect on the
reduction of extract yield.

3.3 Effect of Power on Total Yield of Colubrina asiatica

Figure 3 shows the experimental result for the effect of power on the extract yield
(w/w)%. It shows that the extract yield of C. asiatica was highest at the power of
500 W. The highest yield was 42.54%, followed by 38.16%, 30.97% and 29.96%
at the power of 500 W, 400 W, 300 W and 600 W respectively. The result shows
no significant difference (P > 0.05) between extract yield at 300 W and 600 W. The
extract yield was increased with power from 300W to 500W, however, decreased at
600 W. This phenomenon shows low extract yield at both lowest power and highest
power used, 300 W and 600 W respectively.

According to Benmoussa et al. [2], the extraction of cumin essential oil resulted in
the low oil yield at lowest and highest power used. The same pattern was observed in
this studywhere the extract yieldwas increasedwith the increased of power; however,
decreased after a certain power level. Research fromOlalere et al. [14] on microwave
extraction of piperine-oleoresin from black pepper (Piper nigrum) also showed the
same pattern of extract yield. The extract yield of Piper nigrumwas low at the power
of 300W, increasing at 400W but decreasing at 450W. Similar finding was reported
by Ren et al. [18] on the extraction of Sargassum thunbergii polysaccharides using
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Fig. 3 Percentage of C. asiatica total yield based on different irradiated power. Different letters on
top column indicate significant difference (P-value < 0.05)
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power ranging from200 to 1000Wshowed that extract yieldwas increasing from200
to 600W.After 600W, the extract yieldwas slightly decreased due to polysaccharides
degradation under excessive power exposure. Based on these results, 600 W was not
included in the optimization experiment because the results showed degradation of
extract yield at 600 W.

3.4 Optimization of Microwave Assisted Extraction Method
of Colubrina asiatica

Various parameters of extraction in this method are conducted and optimized. The
optimum condition from selected ranges was obtained to produce the highest yield of
extract for further analyses. An empirical quadratic polynomial model corresponding
to the BBD was fitted to correlate the relationship between three independent vari-
ables (irradiation time, solvent to solid ratio and power) and the response (yield) in
order to predict the optimum conditions of extract yield. Figure 4 shows the graph
of actual versus predicted values of the response. The determination coefficient (R2)
of the quadratic regression model was 0.9379. High values of R2 showed that most
variation of extract yield could be explained and predicted by the obtained model.
Hence, the model can be used to explain the response. The interaction term that gave
the largest effect to the yield was AC. The relationship between the response (yield)
and independent variables (irradiation time, solvent to solid ratio and power) was
given in Table 3.

Fig. 4 Predicted values versus experimental data (actual values) for C. asiatica extract yield
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Table 3 Actual regression
coefficient of the quadratic
model and the corresponding
P-value

Factor Regression coefficient df P-value

Intercept 34.19 1 0.0019

A Time 6.69 1 0.0002

B Solvent to solid ratio 5.12 1 0.0009

C Power 1.09 1 0.2817

A2 −3.14 1 0.0444

AC 3.77 1 0.0244

BC 3.20 1 0.0456

The regression coefficients of the quadratic model equation were used to describe
the extract yield from C. asiatica leaf. Table 3 summarized the actual parameters of
the extract yield. Its shows that the extract yield was positively affected by the irra-
diation time, solvent to solid ratio and power. Based on the P-value, irradiation time
was the most significant parameter followed by solvent to solid ratio and power. This
result indicates that the extract yield increases as the factors increase. The quadratic
term of irradiation time was negatively affected the extract yield and significant (P <
0.05). The interaction between time and power has significantly (P < 0.05) shown a
positive effect on the response, together with the interaction between ratio and power.
The most significant interaction was observed between irradiation time and power,
followed by the interaction between the solvent to solid ratio and power.

The model was verified based on the results obtained from response surface anal-
ysis; the optimal extraction for the extract was 6.06 min irradiation time, solvent
to solid ratio 28.31 mL/g, and 445 W of microwave power. Based on the optimal
conditions, the predicted yield value was 42.63 w/w %. The actual yield value from
the experimental procedure was 43.1± 0.05 w/w% at 6 min irradiation time, solvent
to solid ratio of 28 mL/g, and 445 W microwave power. The optimal conditions are
reasonable and adequate as the percentage error was 0.47%.

Table 4 shows the percentage of yield and total saponins content (TSC) of C.
asiatica leaves extract produced from the optimal condition. The result indicates
that methanol is a good solvent for the extraction of saponin. Low alcohols such as
methanol and ethanol have usually been used as effective solvents for the extraction
of saponins from plant materials [9]. According to Pham et al. [15], Catharanthus
roseus leaf MAE extraction by using methanol as solvent gave a higher amount of
TSC compared to extraction using hexane and ethyl acetate as solvent. This result
is because saponin is polar compounds. Thus, the usage of methanol, which has a
higher polarity, is useful to increase the polarity of the solvent and extract a higher

Table 4 C. asiatica extract
yield and total saponin
content of C. asiatica extract
using MAE in optimal
condition

Optimum extract yield (%) 43.1 ± 0.05

Total saponin content (mg ESE/mg) 15.36 ± 0.001
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yield of the saponin compound [15]. In addition, another supported study by Ngo
et al. [12] reported that absolute methanol as solvent had the highest yield of saponin
TSC (15.6%) from the root of Salacia chinensis followed by absolute ethanol, 50%
methanol and 50% acetone (14.3%, 12.3%, and 12.2%, respectively).

4 Conclusion

In conclusion, the extraction of C. asiatica using microwave-assisted extraction
(MAE) showed that the highest extraction yield obtained at 6 min irradiation time,
solvent to solid ratio of 28 mL/g and 445Wmicrowave power with 43.1± 0.05 w/w
% extract yield. The experimental data of MAE were analyzed using Box-Behnken
Design from response surface methodology (RSM) to study the factor that affects
the extract yield. The results show that irradiation time and solvent to solid ratio have
a significant effect (P < 0.05) on extract yield. The experiment was considered satis-
factory as the R2 was 0.9379, which has a good correlation between experimental
data and calculated data.
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