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Optimization of microwave-assisted extraction and the effect of microencapsulation on
mangosteen (Garcinia mangostana L.) rind extract
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Abstract

The effects of optimization of microwave-assisted extraction (MAE) and microencapsulation on the total xanthone content (TXC),
total phenolic content (TPC), and antioxidant activity of mangosteen rind extract were studied. Response surface methodology
(RSM) was employed with Box-Behnken design to generate fifteen optimization responses by incorporating three independent
variables, namely soaking time, solvent-to-feed (S/F) ratio and extraction time. The highest extraction yield (19.43%) was obtained
in the third response. TXC and TPC results fitted well, with high R-squared values (0.83-0.91), into the generated models, but
not the antioxidant activity data. The interactive effects of S/F ratio and extraction time significantly increased the yields of
TXC (46.62 mg a-mangostin/g crude extract) and TPC (46.30 mg gallic acid equivalent/g crude extract), but longer soaking
time showed adverse effect. All the results obtained from the optimized models were validated using experimental data which
showed desirability index of 0.88. The optimized parameters of MAE were established as 20:1 S/F ratio and 9 min extraction
time, without soaking process. Despite the intact morphology of microcapsules observed, spray drying microencapsulation
only preserved TXC partially (63.54%) but denatured more than 85% of TPC. Future investigation on the microencapsulation
of mangosteen rind extract is required.

Keywords: response surface methodology; microwave-assisted extraction; spray drying microencapsulation; total xanthone
content; total phenolic content.

Practical Application: Optimization of phytochemical extraction from mangosteen rind and spray drying microencapsulation

process.

1 Introduction

Mangosteen (Garcinia mangostana Linn.) is a tropical
fruit that can be commonly found in the South-East Asia. The
fruit has edible white aril with refreshing sweet-sour taste and
pleasant aroma, thus gaining it the prestige as the “Queen of
fruits” (Makhonpas et al., 2015). Apart from this, the dark
purple mangosteen rind, which is usually treated as agricultural
waste, has become the most popular source of xanthone, a
plant secondary metabolite with numerous health promoting
effects, such as antioxidant, antimicrobial, anti-inflammatory,
and anti-proliferative properties (Jung et al., 2006; Pothitirat
& Gritsanapan, 2008; Shibata et al., 2013; Chen et al., 2008;
Sutono, 2013; Tjahjani et al., 2014; Bumrungpert et al., 2010;
Johnson et al., 2012). Xanthones are the polyphenol compounds
that usually occur in the higher plant families (Negi et al., 2013).
To date, approximately 650 xanthones have been discovered from
the natural resources (Mazimba et al., 2013). The a-mangostin
(C,,H,,0,) is the major type of xanthones that is present in the
mangosteen rind, followed by low amounts of other xanthone
derivatives, such as garcinone, gartanin, mangostanol and
mangostanin (Sukatta et al., 2013; Widowati et al., 2014;
Wittenauer et al., 2012).

Although mangosteen rind contains a substantial amount
of phytocompounds that benefit human health, they are very
susceptible to the environmental factors during extraction and
processing stages. Despite the great efforts made in commercializing
mangosteen rind xanthone as nutraceutical supplements, herbal
cosmetics and pharmaceutical products, the knowledge of
effective extraction is currently very limited. The conventional
methods, such as maceration, Soxhlet extraction and heat reflux,
are found to be time-consuming, high in operating costs and
low in product recovery (Fang et al., 2011). Nevertheless, a study
of Satong-aun et al. (2011) suggested that microwave-assisted
extraction (MAE) could be employed to replace the conventional
extraction methods and enhance the yield of a-mangostin while
at the same time shortening the extraction time and lessening
the amount of solvent required. Microwave heating generates
high pressure in the plant cells and causes damage to the cell
wall, thus releasing all the phytocompounds (Veggi etal., 2013).
Additionally, soaking the plant matrix in solvents could be
applied as a pre-treatment process to increase the yield of the
plant matrices. The ether linkages in cellulose will be hydrolyzed
and the soluble fractions are formed in a short period (Tatke
& Jaiswal, 2011). Furthermore, the solvent-to-feed (S/F) ratio
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should also be considered as one of the critical factors because
the volume of solvent used will indicate the energy consumption
and affect the overall yield of xanthone. Bringing all these factors
together, further studies are warranted on the optimization of MAE
parameters. In the present study, response surface methodology
(RSM) was applied in order to achieve optimized conditions for
MAE. The individual variables or parameters were analyzed
using Box-Behnken design with transformed value of -1, 0,
and 1 (Ferreira et al., 2007; Francis et al., 2003). These outcomes
could illustrate the correlation between responses and factors.

The functional stability of the xanthone extract could be
susceptible to the environmental factors, for example oxygen,
light, temperature and moisture (Fang & Bhandari, 2011). Several
chemical and mechanical approaches could be applied to preserve
its bioactivity during production and storage. Considering cost
effectiveness, a mechanical method such as microencapsulation
would be an appropriate option. Microencapsulation refers to
a process in which the active components are enclosed within
a polymeric coating film to form the small particles known
as microcapsules (Boger et al., 2018). Generally, the bioactive
material, which is known as the core of the microcapsule, is
surrounded by the wall material, which is known as coating or
shell. The microcapsules are typically spherical in shape with
various sizes between 0.05 to 2000 pm (Singh, et al., 2010).
Spray drying is one of the conventional techniques employed
for mechanical microencapsulation in food industries. This
technique is commonly used to process heat-sensitive compounds,
mainly because of its rapid evaporation rate of water with low
core temperature (Ballesteros et al., 2017; Aliakbarian et al.,
2018). Therefore, this study was conducted to establish the
optimized parameters for MAE and analyze the effects of MAE
and microencapsulation processes on TXC, TPC and antioxidant
activity of mangosteen rind extract.

2 Materials and methods
2.1 Materials

The fresh rind of mangosteen (Garcinia mangostana L.) was
sourced from MaoShanWang Durian Sdn. Bhd., alocal orchard
in Malaysia. The rind was rinsed with distilled water and cut
into small pieces manually. Then, they were dried immediately
using a drying oven (Binder, Germany) at 60 °C until a constant
weight was obtained. After that, the dried mangosteen rind
was ground into powder using IKA A11 basic analytical mill
(IKA, Malaysia). The mangosteen rind powder was stored in a
freezer (-20 °C) prior to analysis. All reagents and chemicals
were of analytical grade and purchased from Sigma Aldrich,
USA; Merck, Germany; Fisher Scientific, Malaysia; and Tokyo
Chemical Industry Co., Ltd., Japan.

2.2 Experimental design for optimization

RSM was applied with Box-Behnken design using JMP®
statistical software. According to Table 1, fifteen optimization
responses, including three central points, were generated from
the three extraction parameters (independent variables) at three
levels. The experimental data were subjected to the Equation
1 below:

Y =by + b X| + by Xp + b3 X5+ by 1 +byp + b33+ bp X1Xp + b3 X1 X5+ b3 X5X3 (1)

where Y = responses (total xanthone content, total phenolic
content, antioxidant activity); X = independent variables
(soaking time, S/F ratio, extraction time); b, = intercept; b, b,
and b, =linear regression coefficients; b ,,b,, and b, = quadratic

regression coefficients; b ,b . and b, = interaction coefficients.

2.3 Validation of RSM models

The optimized parameters from the RSM models were validated
by performing the MAE accordingly. The experimental results
obtained were then compared to those predicted by the models.

2.4 Microwave-assisted extraction and yield determination

Mangosteen rind powder was mixed with distilled water to
obtain the S/F ratios as shown in Table 1. The mixture was gently
agitated using a shaking incubator at room temperature (25 °C)
to achieve the soaking time of 1 h and 2 h. Then, extraction was
carried out using a microwave digestion system (Milestone Srl.,
Italy) at 270 W for 3 min, 6 min and 9 min. After extraction,
the homogenates were centrifuged at 2935xg for 10 min using
a tabletop centrifuge G16-C (Sartorius Lab Instruments GmbH
& Co. KG, Germany). Then, the supernatant was collected,
filtered through 45-micron disposable syringe filter, and dried
in a drying oven at 40 °C to achieve a constant weight. The
oven-dried sample was then stored at -20 °C prior to analysis.
The total yield of the sample was obtained by weighing the dried
extract and calculated using the Equation 2 below:

Mass ( g) of dried extract

Yield (%)=
ze (A)) Mass( g)of ground powder

x100% ()

2.5 Microencapsulation process

The dried mangosteen rind extract was firstly reconstituted
with distilled water to achieve the total soluble solid of 0.3 °Brix.
Then, the extract was homogenized with 2% (w/v) sodium
alginate solution, which was used as wall material, at an optimal
extract-to-sodium alginate ratio of 1:3 (v/v) (Garofulic et al., 2017).
The process of microencapsulation was performed mechanically
using a Laboratory Scale Spray Dryer (Lab-Plant SD-06, U.K.)
according to a procedure of Waterhouse et al. (2017). The spray
dryer system was monitored at inlet temperature of 180 °C, fan
speed of 3.5 m/s and atomization pressure of 250 kPa. It was
operated with distilled water for 10 min prior to feeding the
sample into the equipment. After the spray drying process, the
dried powder was collected and stored in a desiccator at room
temperature prior to analysis.

Table 1. Independent variables with levels in Box-Behnken design.

Independent variables Levlels -
Low Medium High
X,  Soaking time (h) 0 1 2
X,  Solvent-to-feed (S/F) ratio 10:1 15:1 20:1
X,  Extraction time (min) 3 6 9
Transformed value -1 0 1
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2.6 Determination of total xanthone content

TXC in mangosteen rind extract was determined using a
procedure reported by Aisha et al. (2013) with slight modification.
Firstly, 20 ug/mL sample was prepared in 80% (v/v) methanol.
The absorbance of the mixture was read in a quartz cuvette at
243.4 nm using a UV-Vis spectrophotometer (Thermo Scientific,
US). A standard curve was prepared using a-mangostin solution
(0-20 pg/mL in 80% (v/v) methanol). TXC was expressed as
milligram of a-mangostin equivalent per gram of dry extract.

2.7 Determination of total phenolic content

TPC in mangosteen rind extract was determined using the
Folin-Ciocalteu method (Chai & Wong, 2012). Briefly, 0.2 mL
of the sample (0.2 mg/mL in 80% (v/v) ethanol) was mixed
with 0.8 mL of distilled water and 0.1 mL of Folin-Ciocalteu’s
phenol reagent. The mixture was vortexed and kept in the dark
at room temperature for 3 min. Next, 0.3 mL of 20% (w/v)
Na,CO, solution was added to the mixture followed by further
incubation in the dark for 120 min. The absorbance of the
mixture was read at 765 nm. A standard curve was prepared
using gallic acid solution (20-100 pg/mL in 80% (v/v) ethanol).
TPC was expressed as milligram of gallic acid equivalent (GAE)
per gram of dry extract.

2.8 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging activity

DPPH free radical scavenging activity of mangosteen rind
extract was measured according to a procedure described in
Chai & Wong (2012) with slight modification. Briefly, 1 mL of
sample (0-2 mg/mL 80% (v/v) ethanol) was mixed with 1 mL
of DPPH solution (0.1 mM in 80% (v/v) ethanol). The mixture
was incubated in the dark at room temperature for 30 min prior
to reading absorbance at 517 nm. Trolox solution (0-100 pug/mL

in 80% (v/v) ethanol) was used as standard and the results were
expressed as milligram of Trolox equivalent (TE) per gram of
dry extract. The percentage of free radical inhibition was also
calculated using the Equation 3 below:

Aextract x100% (3)

Acontrol

Acontrol —

DPPH freeradical scavenging activity (%) =

2.9 Morphological determination of microencapsulated
extract

The morphology of the microencapsulated extract particles
was studied using a Schottky Field Emission Scanning Electron
Microscope (SEM) (JEOL JSM-7610F, Japan). The sample was
mounted onto the surface of a bilateral double-sided adhesive
tape that was subsequently attached/ pre-attached to an aluminum
stub. Then, the sample was sputter-coated with a thin gold film
and viewed under the SEM with an acceleration voltage of 2 kV,
10 A emission current, 6 mm working distance, and 500x and
5000x magnifications.

2.10 Statistical analysis

All analyses were conducted in triplicates and results were
reported in mean and standard deviation. Data were subjected
to variance analysis (ANOVA), Tukey’s HSD test and t-test using
SPSS Statistics (IBM Corporation, US). Significant difference
was reported at p < 0.05.

3 Results and discussion

3.1 Crude extract yield, total xanthone content (TXC), total
phenolic content (TPC) and antioxidant activity

Table 2 shows the extraction yield, TXC and TPC of mangosteen
rind extracts in 15 responses with different combinations of
independent variables. The highest extraction yield (19.43%)

Table 2. Extraction yield, total xanthone content, total phenolic content and antioxidant activity of mangosteen rind extract.*

Independent variables ) . o
Responses X, X, X, Yield (%) Total xanthone content®  Total phenolic content® Antioxidant activity

1 0 10:1 6 15.81 +0.14° 40.64 +7.13° 35.72 + 6.41** 405.19 £ 61.75*
2 2 10:1 6 14.39 £ 0.37° 20.67 + 4.06° 16.23 £ 1.19¢ 426.94 £ 17.40°
3 0 20:1 6 19.43 + 0.56° 45.01 +3.79* 39.54 +£2.74* 403.10 + 18.49*
4 2 20:1 6 15.06 + 1.30% 27.95 + 5.38° 24.12 +0.68° 296.85 + 40.23°
5 0 15:1 3 18.42 £ 0.51¢ 4218 £ 1.19* 40.37 £ 1.13* 184.12 + 6.74¢

6 2 15:1 3 16.01 + 0.80* 28.70 + 1.65° 21.05 +2.02b¢ 44222 +15.97*
7 0 15:1 9 18.92 + 0.54¢ 43.84 +4.01° 45.40 + 2.57¢ 473.13 £11.98*
8 2 15:1 9 14.89 + 0.61° 28.76 + 5.78" 24.48 +2.13° 161.67 + 20.57¢
9 1 10:1 3 14.53 +0.58" 22.90 + 1.87>¢ 24.74 £1.92° 376.25 + 38.91*
10 1 20:1 3 17.76 +0.524 29.69 +2.85° 25.31 + 1.04° 408.31 + 22.44*
11 1 10:1 9 14.25 + 0.66" 22.53 +4.23b¢ 19.81 + 4.17b¢ 285.28 + 94.47+0
12 1 20:1 9 18.03 +0.93¢ 32.22 +3.74° 29.82 +1.04° 326.71 + 77.30*°
13 1 15:1 6 15.43 +0.78 29.89 +2.82° 25.61 +2.42° 188.06 + 19.28¢
14 1 15:1 6 16.07 £ 0.89* 26.82 +0.37° 24.11 + 1.26° 336.44 + 11.95"
15 1 15:1 6 17.27 +0.10¢ 27.95 + 4.53%¢ 21.97 +2.59° 118.61 £ 15.77¢

X, = soaking time (h); X,= S/F ratio; X,= extraction time (min); *Data are means of three determinations with standard deviations; “mg a-mangostin equivalent/g crude extract; ‘mg gallic
acid equivalent/g crude extract; 'DPPH free radical scavenging activity, mg Trolox equivalent/g crude extract; *“Data in each column which are annotated with different superscripts

are significantly different (p < 0.05).
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was obtained in the third response, and it also contained the
highest TXC (45.01 mg a-mangostin equivalent/g crude extract),
but the TPC (39.54 mg GAE/g crude extract) was slightly lower
than the seventh response. The yield and TXC content in the
seventh response were not significantly different from the third
response but it had the highest TPC (45.40 mg GAE/g crude
extract) and antioxidant activity (473.13 mg TE equivalent/g
crude extract) among all the responses. It has been reported that
soaking increased the yield of plant materials, such as mangiferin
from Curcuma amada (Kullu et al., 2013), in solvent due to
the hydration mechanisms. Other phenolic compounds from
Pistacia lentiscus leaves were also extracted with incorporation
of soaking process (Dahmoune et al., 2014). However, the
results of this study did not exhibit the same trends as the above
studies. Notably, both the third and the seventh responses did
not incorporate the soaking process. This discrepancy in relation
to the findings of others could be explained by the extraction
process, including the use of different types of solvent, time
and temperature. Moreover, soaking at room temperature may
also encourage oxidation reactions and degradation of some
phytochemical compounds (Chaovanalikit et al., 2012), thus
reducing their solubilities in the solvent. A study of Suttirak &
Manurakchinakorn (2014) reported that most of the phenolic
compounds of mangosteen rind were soluble in medium polar and
non-polar solvents. However, taking the food safety into account,
as well as considering the reduction of the solvent wastage and
the operating cost for future commercial application, the present
study only employed distilled water as the extraction solvent.
So, the extract was expected to contain a moderate number of
polar solutes, such as organic acids, soluble proteins and sugars
(Bandar et al., 2013; Rybczynski et al., 2015).

In addition to the aforementioned factors, an increase of
solvent-to-feed (S/F) ratio could generally increase the extraction
yield of plant materials (Kislik, 2012). This was observed in the
third response where the highest amount of xanthone content
was obtained in the highest S/F ratio 20:1. A similar optimization
study of MAE on Actinidia deliciosa root demonstrated that S/F
ratio in the range of 10:1 to 20:1 was an optimal condition to
obtain triterpenoid (Bai et al., 2007). It has been reported that
a higher concentration gradient in relation with more solvent
available for the extraction could lead to a higher diffusion rate
of compounds (Goldsmith et al., 2014). According to Fang et al.
(2011), an increase in extraction time could also result in the
increase of the extraction yield. This was also evidenced in
this study where the highest TPC was obtained in the seventh
response with longer extraction time (9 min) but lower S/F
ratio (15:1) compared to the third response. Nevertheless,
different extraction times used in the present study did not
show significant effect on the overall crude extract yield for
each of the S/F ratios investigated. This phenomenon could be
due to insufficient extraction time for releasing phytochemical
compounds completely from the plant matrix in the MAE process
(Shiddigi et al., 2015). When the goal is to obtain the highest
yield of phytocompounds while preserving their antioxidant
activities through the MAE process, the extraction time and
temperature are critical. It has been reported that the increase
of temperature during extraction would increase the diffusion
coefficient and the solubility of plant materials in the solvent
(Fang et al., 2011; Mabiki et al., 2013). Yet, the mixture should
not be overheated to prevent thermal degradation as well as

oxidation of thermolabile compounds which are commonly
found in solvents with high dielectric properties, such as water,
ethanol and methanol (Veggi et al., 2013; Teles et al., 2018).
Therefore, optimization analysis was conducted in this study
to obtain the appropriate extraction conditions.

Despite the highest DPPH free radical scavenging activity
observed in the seventh response, the antioxidant activities
of the 15 responses did not show consistent correlations with
either TPC or TXC. For examples, the fifth response possessed
the lowest antioxidant activity (84.12 mg GAE/g crude extract),
but had similar TXC with the third and the seventh responses
and similar TPC with the third response. The sixth response had
significantly different TXC and TPC from the seventh response,
but no significant difference was found between their antioxidant
activities. The eighth and ninth responses had similar TXC and
TPC, although the ninth response showed significantly higher
antioxidant activity than the eighth. Although some studies
(Fangetal., 2011; Govindan & Muthukrishnan, 2013) reported
positive relationships between TPC and antioxidant activity, the
fluctuation of antioxidant data in the present study did not show
a similar correlation. It prompted future investigation on the
effects of processing parameters on bioavailability or antioxidant
potency of TPC. In this study, these data were further analyzed
to verify the model fitting in RSM.

3.2 Modelling and model fitting using response surface
methodology

Figure 1 shows the model fitting of TXC, TPC and antioxidant
activity. Results indicated that the mathematical model of
TXC, TPC and antioxidant activity have a good fit (p < 0.0001)
with the actual behavior. The mathematical models of TXC
(Figure 1A) and TPC (Figure 1B), with high R? values and low
root mean square error (RMSE) values, indicated high strength of
association between independent and dependent variables. The
lower F ratio value of TXC (0.7804), in comparison with TPC
(1.7668), indicated that the experimental data had lesser variation
among groups and were much closer to the predicted data from
the TXC model than the TPC data obtained. These valid and
reliable models could be applied for maximum recovery of TXC
and TPC from mangosteen rinds. On the other hand, as shown in
Figure 1C, the predicted antioxidant values under combination
of various conditions are not linear to their actual values and
mostly fell out of the range, with low R? value (0.63) and high
RMSE value (87.313). Besides, high F ratio value of antioxidant
data (5.9326) implied great variation among experimental data
groups. In addition, the Prob > F value (0.0025) of the whole
model set was less than 0.05, signifying that the experimental
data did not fit into the model. The linear regression of this model
indicated an unreliable mathematical model for the prediction
of the antioxidant activity in mangosteen rind extract. Thus,
the optimization analysis using RSM for the effect of extraction
parameters on antioxidant activity was omitted.

3.3 Response surface analysis

Figure 2 shows the effects of paired independent variables
on TXC (Figures 2A, 2B, 2C) and TPC (Figures 2D, 2E, 2F). In
general, the increases of S/F ratio and extraction time promoted
the yield of both TXC and TPC; on the other hand, the increase of
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soaking time reduced the yield of both TXC and TPC. According
to Table 3, the results of analysis of variance indicated that the
coefficients b , b, and b, | significantly affected the TXC in the
extraction process, suggesting that the soaking time and S/F
ratio had marked effects on the TXC, but other parameters
did not show significant difference. On the other hand, the

the extraction process, suggesting the soaking process, S/F ratio
and extraction time had marked effects on the TPC. As shown
in Figure 3, the interaction profiles of independent variables
summarized that soaking process had negative correlation, but
S/F ratio and extraction time had positive correlation with the
yield of both TXC and TPC. Altogether the results showed that

coefficients of bl, bz, b23, bn, b33 significantly affected the TPC in 20:1 S/F ratio and 9-min MAE without soaking process were
50 A 50 600 c
45 ,( ) 45 - )
. 500 -
T 40 - £ 5 40 g
53 E £
S E 35 8% 35 :.—‘,4007 o
5% 2% 55 .
£ E 3 2 £ 30 B Eqnp. ’
g ) <2 £5% g% .
535 S .. s 8 25 <3
L} k=) -
T 20 z =R 200
L]
15 T T T T T 15 = T T T T T 100 T T T T T —
15 20 25 30 35 40 45 50 15 20 25 30 35 40 45 50 100 200 300 400 500 600

Total xanthone content (predicted data)
RMSE=3.866 RSq=0.83 PValue<.0001
F ratio =0.7804 Prob > F, 0.5136

Total phenolic content (predicted data)

RMSE=2.856 RSq=0.91 PValue<.0001
F ratio = 1.7668 Prob > F, 0.1733

Antioxidant activity (predicted data)
RMSE=87.313 RSq=0.63 PValue<.0001
F ratio = 5.9326 Prob > F, 0.0025

Figure 1. The relationship between actual (experimental data) and predicted values of (A) total xanthone content (mg a-mangostin equivalent/g crude
extract); (B) total phenolic content (mg gallic acid equivalent/g crude extract); and (C) DPPH free radical scavenging activity (mg Trolox

equivalent/g crude extract). Note: Prob > F value less than 0.05 indicates the data do not fit into the model. Y
3.5171X, + 0.4863X, + 0.7267X X, - 0.3983X X, + 0.7225X X, + 7.1890 - 1.8451 + 0.4582; Y
1.0050X,, + 1.0158X X, - 0.3958X X, + 2.3625X X, + 6.4548

- 1.4501 +2.4715; Y

Antioxidant activity

Total xanthone content =28.2244 - 8. 1975X1 +
Tl phenotc coment = 23-8978 — 9.3958X, + 2.7867X,, +
=214.3689 - 75.6508X, - 7.2483X, - 62.1817X_ -

31.8275X X, - 25.7225X X, + 2.3425X X + 108.9776 + 59.5010 + 75.2693; where, X, soaking time (h); X, S/F ratio; X, extraction time (min).
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Figure 2. Response surface plots showing the impacts of paired independent variables, including (A, D) S/F ratio and extraction time (min);
(B, E) soaking time (h) and S/F ratio; (C, F) soaking time (h) and extraction time (min); on the predicted (A, B, C) total xanthone content
(mg a-mangostin/g of crude extract); and (D, E, F) total phenolic content (mg gallic acid equivalent/g crude extract).
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Table 3. Analysis of variance on total xanthone and total phenolic
contents.

Total xanthone content” Total phenolic content®

Coefficients - -

Estimate Prob >|t| Estimate Prob >|t|
b, 28.2244 <0.0001* 23.8978 <0.0001*
b, -8.1975 <0.0001* -9.3958 <0.0001*
b, 3.5171 <0.0001* 2.7867 <0.0001*
b, 0.4863 0.5418 1.0050 0.0935
b, 0.7267 0.5192 1.0158 0.2261
b, -0.3983 0.7233 -0.3958 0.6341
b, 0.7225 0.5216 2.3625 0.0070*
b, 7.1890 <0.0001* 6.4548 <0.0001*
b22 -1.8451 0.1212 -1.4501 0.0999
b 0.4582 0.6956 2.4715 0.0067*

33

b,= Intercept; b , b, and b = Linear regression coefficients for soaking time, S/F ratio,
and extraction time, respectively; b, , b, , and b33: Quaderatic regression coefficients for
soaking time x soaking time, S/F ratio x S/F ratio, and extraction time x extraction time,
respectively; b, ,b ,,and b = Regression coefficients for interaction between soaking time
x S/F ratio, soaking time x extraction time, and S/F ratio x extraction time, respectively;
“mg a-mangostin equivalent/g crude extract; *mg gallic acid equivalent/g crude extract;
*Significantly different (p < 0.05).
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Figure 3. Optimization of soaking time (0-2 h), S/F ratio (10:1-20:1)
and extraction time (3-9 min) on total xanthone content (TXC) and
total phenolic content (TPC).

the optimized parameters within this study for the extraction
of TXC and TPC from mangosteen rind.

One of the fundamental extraction parameters that significantly
affected the TXC and TPC in this study was the S/F ratio. When
increased from 10:1 to 20:1, the extraction yield of TXC and
TPC was also increased. This finding is in agreement with a
similar study (Bhuyan et al., 2015) which described an increase
in extraction efficiency with higher volume of solvent used by
means of higher frequency of contact between solid particles
and solvent in order to dissolve sample matrix thoroughly
into solvent. Furthermore, the interactive effect of S/F ratio
and extraction time (Figure 2A) significantly increased the
yield of TXC and TPC. However, as mentioned previously by
Fang et al. (2011), the yield of xanthones was decreased when
the extraction time was increased up to 20 min because the
xanthone compounds were destroyed with increasing irradiation

time. Compared to a narrow range of extraction time used in
this study, the operation might not be the optimum extraction
time since there was no sign of decrease in TXC and TPC
up to 9 min of extraction. This suggested that the extraction
time could be extended to further investigate the impact of
extraction time on their yields. Furthermore, Padmapriya et al.
(2011) reported that increasing microwave power from 350 W
to 500 W could significantly enhance the extraction efficiency
with only 20 s of irradiation time. Applying high microwave
power can accelerate the extraction of polyphenolic compound
because it rises ionic conduction and dipole rotation in purpose
to generate molecular movement and heating on the sample
matrix (Shao etal., 2012). Therefore, the adverse effects of long
extraction time could be prevented by increasing the microwave
power. Further studies are required on the extraction efficiency
by using different levels of microwave power. In addition, results
depicted a correlation between extraction time (9 min) and
S/F ratio (20:1). This finding agreed with those of Dailey &
Vuong (2015) and Ghasemzadeh et al. (2017) who reported that
the increased S/F ratio could accelerate the extraction due to
higher heating efficiency under microwave conditions. Besides,
the linear effect of S/F ratio (b,) on both TXC and TPC, and
quadric effects of S/F ratio x extraction time (b,,) and extraction
time x extraction time (b,,) on TPC, significantly improved the
overall performance of MAE.

Figures 2B, 2C, 2E, and 2F illustrate the negative interactive
effects of soaking time and S/F ratio pair, and soaking time
and extraction time pair, respectively, which significantly
reduced the yield of TXC and TPC. Although some similar
studies (Ameeret al., 2017; Kullu et al., 2013; Pan et al., 2002;
Malode et al., 2013) reported that soaking process increased
the yield of phytochemical compounds, MAE produced more
TXC and TPC without soaking than those sample with soaking
process before the extraction. It has been reported that soaking
promotes leaching of phytochemical compounds from the food
matrix and thus increasing the chances of direct exposure of
these components to microwave radiation during extraction
(Veggi et al., 2013). In this study, the significant decrease of
TXC and TPC with increasing soaking time was observed.
Although soaking enhanced the leaching of TXC and TPC, most
of these components were denatured during the MAE process,
thus contributing to the overall adverse effect. In addition, the
types of solvent used for soaking process may also affect the
overall extraction efficiency. A similar study suggested that
organic solvents, such as ethanol, could enhance the extraction
efficiency while polar solvents, such as water, could favorably
increase the contact surface area between sample matrix and
solvent by facilitating the swelling of cell wall, thus resulting in an
increased extraction yield (Ghasemzadeh et al., 2017). The use of
only distilled water in the soaking process might not be efficient
in pulling out the target components without the participation of
organic solvent. In brief, the results of this study showed that the
soaking process significantly hindered the MAE performance.
Without the soaking process, the increase of extraction time
would accelerate the release of target components due to the
rise of internal pressure and the rupturing of the plant matrix
cell wall (Ghasemzadeh et al., 2017).
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3.4 Validation of RSM models

The results obtained from experiments performed using
the parameters optimized for TXC and TPC were compared
with the predicted results to ratify the accuracy of the model
equations. Figure 3 and Table 4 show the maximum yield of
TXC (45.71 £ 0.67 mg a-mangostin equivalent/g crude extract)
and TPC (46.16 + 0.18 mg GAE/g of crude extract) obtained
from the experiment under the optimized conditions with 0.88
of desirability. The predicted results were in close agreement
with the experimental results and there was no significant
difference (p > 0.05) among them when analyzed using paired
t-test analysis. Hence, the optimized conditions were valid to
obtain maximum TXC and TPC.

3.5 Microencapsulation of mangosteen rind extract and its
effect on TXC, TPC and antioxidant activity

The microstructure of spray dried mangosteen rind extract
exhibited spherical structure with smooth appearance, and some
smaller particles with concavities (Figure 4). Aggregation of the
smaller particles around the larger particles demonstrated that
the microcapsules had amorphous surface instead of crystalline
surface (Cano-Chauca et al., 2005). A similar outcome was also
observed in a study of microencapsulation of ascorbic acid using
sodium alginate as a coating material (Marcela et al., 2016).
The concavity structures on the surface of smaller particles
were observed clearly when the magnification was increased
to 5000x. A study claimed that the formation of deep dents on
the microcapsules were the result of shrinkage of the particles
due to the rapid water evaporation at high drying temperature
during the spray drying process (Rosenberg et al., 1985). A
similar observation on spray dried xanthone microcapsules
was also reported when inulin was used as the coating material
(Lim & Siow, 2016). Furthermore, the spray dried microcapsules
in this study were free of cracks on their surfaces. It indicated
an excellent protection effect of sodium alginate on the core of
mangosteen rind extract.

The microcapsules were then analyzed for their TXC
(29.04 + 1.99 mg a-mangostin equivalent/g crude extract),
TPC (5.91 + 0.07 mg GAE/g crude extract) and antioxidant
activity (result not shown). In comparison to the extract
obtained under optimized MAE conditions (Table 4), there
was an approximately 36.46% reduction of TXC after the spray
drying microencapsulation. A major decline of TPC was also
observed with only 12.81% was retained after the spray drying
microencapsulation. The loss of TXC and TPC was mainly caused
by the thermal degradation at high drying temperature (180 °C)
in the spray drying process. It has been reported that exposure
of mangosteen rind extract to temperature 76 °C and above
could lead to significant denaturation of a-mangostin (Chen &
Lin, 2007; Suvarnakuta et al., 2011). Another study also showed
that about 57% of anthocyanin was lost during spray drying
at temperature of 140 °C (Wilkowska et al., 2016). Significant
reduction of TPC was also reported on blackberry extract after
being spray dried at temperature up to 160 °C (Rigon & Zapata
Norefia, 2016). On the other hand, other studies demonstrated
minimal or no thermal degenerative effect on TPC, for example
in the olive pomace extract (Paini et al., 2015) and bayberry
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Figure 4. Scanning electron micrographs of microencapsulated mangosteen
rind powders under magnifications of (A) 500x; and (B) 5000x.

Table 4. Effect of spray drying microencapsulation on total xanthone
content and total phenolic content of optimized mangosteen rind extract.*

. Total xanthone Total phenolic
Mangosteen rind extract . N
content content
Predicted by using optimized 46.62 £ 5.35° 46.30 £ 3.95°
model
Optimized extract 45.71 £ 0.67% 46.16 £ 0.18*
Spray dried optimized extract 29.04 + 1.99* 5.91 +0.07°

*Data are means of three determinations with standard deviations; ‘mg a-mangostin
equivalent/g crude extract; Smg gallic acid equivalent/g crude extract; **Data in each
column which are annotated with different superscripts are significantly different
(p < 0.05).

extract (Fang & Bhandari, 2011), during spray drying process,
although high inlet temperature (up to 160 °C) was applied.
These inconsistent outcomes prompted further investigation
on the suitability of using different coating materials, such as
maltodextrin and gum arabic, in spray drying microencapsulation
under various conditions, such as different inlet temperatures, is
necessary to prevent the loss of these thermolabile compounds.
The functionality and efficiency of the coating materials should
also be clarified. In addition, the present study also observed that
the spray drying process caused a significant reduction of DPPH
free radical scavenging activity in the extract. This phenomenon
can be explained by the intense losses of TXC and TPC during
the spray drying process, as positive correlation between these
components and the antioxidant activity has been well established
(Fang & Bhandari, 2011; Chaovanalikit et al., 2012).

4 Conclusions

In summary, the increase of S/F ratio and extraction time in
MAE significantly enhanced the extraction yield of mangosteen
rind crude extract, TXC and TPC, but the increase of soaking
time did not. The third response exhibited the highest yield of
crude extract (19.43% w/w). The interactive effects among S/F
ratio and extraction time predicted using RSM established the
optimal MAE conditions as 20:1 S/F ratio, 9-min extraction time,
with 0-hour soaking time. Under these parameters, the yields
of TXC and TPC predicted by the RSM models were further
validated with the experimental data under the same parameters.
However, the effect of these extraction parameters on the
antioxidant activity could not be established in the present study
as the collected data did not produce a fitting model (R*=0.63).
Although the spray drying microencapsulation process caused a
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remarkable degradation of TXC, TPC and antioxidant activity, the
performed parameters produced decent shape and appearance
of microcapsules which suggested the effectiveness of sodium
alginate to enclose the bioactive components completely. The
outcomes of this study provide a fundamental knowledge on the
optimization of MAE for phytochemical extraction and can aid
future exploration on preservation of thermal sensitive bioactive
compounds in the mangosteen rind extract.
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