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Abstract

Derris reticulata or “Oi Sam Saun” is an extremely sweet Thai plant, rich in bioactive compounds, and widely used for its
medicinal properties. In this study, sweet aqueous extracts from the stems of “Oi Sam Saun” were prepared using ultra-
sound-assisted extraction (UAE). Phenolic, flavonoid, and sugar compound extraction was optimised using response surface
methodology based on the Box—Behnken design (BBD). Three independent variables—extraction temperature (40-80 °C),
sonication time (20—-60 min), and extraction ratio (1:10-1:30 g/mL)—were investigated, and the values of 80 °C, 60 min,
and a ratio 1:10 g/mL, respectively, were optimal. Under these conditions, experimental values were well correlated with
predicted values, and phenolic, flavonoid, and sugar contents were 0.483 +0.032 mg GAE/g DW, 0.149 +0.033 mg CE/g
DW, and 4.802 +0.651 mg/g DW, respectively. High performance liquid chromatography-diode array detector (HPLC-DAD)
analysis showed that the “Oi Sam Saun” UAE extract contained gallic acid, p-coumaric acid, quercetin, and kaempferol.
Moreover, the extract contained 18f3-glycyrrhetinic acid (0.529 +0.002 mg/100 mg) and was 166 times sweeter than sucrose.
Therefore, this Thai medicinal plant, which has several pharmacological benefits, is highly potent and can be utilised as a
sweetening agent or sugar substitute in foods.

Keywords Ultrasound-assisted extraction - Phenolics - Flavonoids - 18B-Glycyrrhetinic acid - Sweet Thai plant - Response
surface methodology

Introduction

Sweetness is one of five basic tastes and plays an important
role in human diet. Most sweet tastes originate from sugars.
However, excessive sugar intake can cause diseases, such as
dental caries, hypertension, obesity, and diabetes [1]. Cur-
rently, non-nutritive sweeteners and non-sugar sweetening
agents are being consumed to avoid high sugar intake-related
health problems. Most non-nutritive sweeteners currently
available globally are artificial sweeteners, such as aspar-
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tame, sucralose, saccharin, and acesulfame-K, some of
which are reportedly biologically harmful [2].

Many research attempts have been made to discover and
develop natural, plant-based non-nutritive sweetening com-
pounds, which have been successful, but only a few of these
compounds, such as stevioside, rebaudioside, glycyrrhizin,
mogroside, brazzein, and thaumatin have been commer-
cialised as sweeteners [3]. However, these sweeteners have
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problems such as aftertaste bitterness, astringency, grassy
taste, and thermal labile [4-6].

Normally, most sweetening agents of plant origin are
phenolics, flavonoids, and terpenoids, which attach to sug-
ars as glycoside structures. For example, glycyphyllin is a
phenolic glycoside, naringin dihydrochalcone is a flavanone
glycoside, and dihydroquercetin 3-O-acetate is a flavanone
glycoside. Terpenoid glycosides which give sweet taste are
periandrin, abrusosides, and glycyrrhizin [3]. Glycyrrhizin
is a well-known low-calorie sweetener, which is a glyco-
sylated pentacyclic triterpenoid, containing one molecule
of 18B-glycyrrhetinic acid, and two molecules of glucuronic
acid. 18f-glycyrrhetinic acid is also found in liquorice (local
name in Thai “Cha em”) which widely used as herbal medi-
cine. In addition, it is native to southern Europe and parts of
Asia, including Thailand [7].

Thailand has a biodiversity of interesting plants such as
“Oi Sam Saun” or “Cha em Nua” (Derris reticulata Craib.),
found in semi-shaded areas of dry evergreen forests, the edge
of evergreen mixed (dipterocarp) forests, bamboo forests,
or along streams (50-450 m). The stems of this plant give
a sweet taste similar to liquorice; it is a sweetener in local
medicine and as a laxative [8]. Although flavonoids, such
as lupinifolin, dereticulatin, and pyranoflavonone, were
reported in “Oi Sam Saun” [9-11], these compounds did
not show sweet tastes. Oi Sam Saun and liquorice have a
similar sweet taste and a part of the Fabaceae family [8],
and they can be substituted for each other in Thai traditional
medicine (TTC).

Generally, sweetening compounds are extracted via
conventional methods, such as maceration, Soxhlet extrac-
tion, and supercritical fluid extraction [12—14]. Extraction
is a crucial step for the isolation of bioactive sweetening
compounds from plant materials. However, conventional
methods have certain limitations, such as low yield, exces-
sive solvents, and bitter tastes caused by the materials used
[15]. Therefore, modern techniques, such as ultrasound-
assisted extraction (UAE), microwave-assisted extraction,
and pressurised liquid extraction, are modified approaches
with significant advantages over conventional methods [16].
These techniques have been applied in extracting commer-
cial natural sweeteners, such as glycyrrhizin, stevioside, and
mogroside [5, 17, 18].

UAE has received considerable attention as a promising
alternative to conventional methods [19]. It has been applied
in several research and development fields, including phy-
tochemical product extraction and the food industry [20].
It is a simple, low cost, and highly effective technique that
exhibits a high-efficiency yield in a short time [21]. The
UAE process is an eco-friendly and economically viable
process, and is easier to scale up for industrial applications,
compared to microwave-assisted extraction and supercriti-
cal extraction [22]. Based on studies of UAE scale up, the
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yield of bioactive compounds increased when compare to
lab-scale processes [23-26]. Furthermore, the cost of UAE
equipment, manufacturing, and operational labour are lower
than supercritical CO, extraction [27]. According to some
reports, UAE has been applied for the extraction of natu-
ral sweeteners; Charpe and Rathod extracted glycyrrhizic
acid from liquorice root using ultrasound [18], and Liu et al.
extracted total carbohydrate and rebaudioside A from stevia
leaves by UAE [28].

However, the UAE method needs to be optimised depend-
ing on several factors that can influence the phytochemi-
cal extraction yield, including the extraction temperature,
ultrasonic time, solvent composition, particle diameter, lig-
uid-solid ratio, and electrical acoustic intensity [29]. Cur-
rently, response surface methodology (RSM) is a mathemati-
cal tool widely used in the research and food industry. Its
advantages include decreasing the number of experimental
runs, evaluating the effect of several variables, and optimis-
ing conditions [21]. Among many classes of RSM designs,
BBDs are a class of rotatable or nearly rotatable second-
order designs based on three-level incomplete factorial
designs. BBDs are slightly more efficient with fewer experi-
mental runs than the central composite designs (CCDs) [30].

Therefore, this study aimed to extract such compounds
(phenolics, flavonoids, and sugars) from “Oi Sam Saun”
using UAE, optimise them using RSM, and investigate their
sweetness potency. In addition, there is a lack of information
on sweetening compounds and their related compounds from
Oi Sam Saun, with only a few reports on suitable extraction
methods for these compounds.

Materials and methods
Chemicals

Folin—Ciocalteu reagent, sodium carbonate, methanol,
acetonitrile, and formic acid were purchased from Sigma
(Singapore). All solvents and standard compounds were of
HPLC grade and all chemicals were of analytical grade.

Plant materials

Derris reticulata Craib. (Leguminosae) or Oi Sam Saun
stems were collected on July 2015 from central regions of
Thailand. Botanical identification was graciously performed
by Assoc. Prof. Saranya Vajrodaya of the Faculty of Botany,
Kasetsart University, Bangkok, Thailand. Voucher specimen
(BK no. 069447) was then deposited at the Forest Herbar-
ium-BKF, Bangkok, Thailand. Stems were dried at 50 °C
until they attained constant weight (12% moisture content),
ground to powder, sieved through a 40-mesh sieve, and kept
at room temperature before the experiments.
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Extraction of Oi Sam Saun by ultrasound-assisted
extraction (UAE)

UAE was conducted using an ultrasonic bath (Elmasonic
E70H), which was rated by the manufacturer with an effective
acoustic power rating and frequency of 120 W and 37 kHz.
Plant powder was extracted using distilled water at different
extraction temperatures (40, 60, and 80 °C), times (20, 40,
and 60 min), and ratios (1:10, 1:20 and 1:30 w/v). The experi-
mental parameters were chosen based on preliminary studies
[31-33]. A thermocouple was used in the solution to monitor
and maintain the desired temperature. However, the ultrasonic
bath temperature may increase during the process and exceed
the set value. To maintain desired temperatures, ice cubes
were added to the water bath when necessary. At designated
extraction intervals, the mixture was taken and filtered with
a Whatman No.1 filter paper; the Oi Sam Saun UAE extracts
were collected to determine the physico-chemical character-
istics, including extraction yield, colour, total phenolic, total
flavonoid, and total sugar content.

Determination of physico-chemical characteristics
in Oi Sam Saun extract

Extraction yield

Oi Sam Saun UAE extracts were collected, the water was
removed under vacuum using a rotary evaporator (Buchi, Ger-
many) at 40 °C, and they were freeze-dried. The percentage
yield of the dried crude extracts was determined and calculated
according to Eq. (1):

weight of crude extract

% yield = < ) % 100% (1)

weight of dried sample

Colour measurement

Colours of the Oi Sam Saun UAE extracts were measured
using a HunterLab colorimeter (Miniscan EZ; Hunter Associ-
ates Laboratory Inc., Reston, USA). Each sample was meas-
ured in triplicates and analysed using the CIE L* a* b* system.
Here, L* represents the lightness of the colours from 0 (dark)
to 100 (light), a* represents the greenness/redness parameter
(negative a* is green and positive a* is red), and b* represents
the grade of blueness/yellowness (negative b* is blue and posi-
tive b* is yellow). The angular coordinates of the hue angle
(h°) were calculated according to Eq. (2a), (2b), and (2¢):

h° = tan™! <b—>when a*>0and b* >0 (2a)
a*

h® = 180° + tan™" (b—>when a <0 (2b)
a*

h° = 360° + tan~! (b—) whena* > b*and b* <0 (2c)
a

For the browning index (BI) of Oi Sam Saun UAE
extracts, BI was calculated using Eq. (3a) and (3b):

BI = 100(x — 0.31)/0.172 (3a)
where:
X = (a* + 1.75L%)/(5.645L* + a* — 3.012b") (3b)

The BI represents the purity of the brown colour or brown
pigment concentration [34, 35].

Total phenolic content

All extracts were determined phenolic content using the
Folin-Ciocalteu method described by Gongalves et al. [36].
Folin reagent (2.5 mL, diluted 10x) was added to 0.5 mL of
the extract (10 mg/mL), to which 2 mL of sodium carbon-
ate (5 g/L) was then added. The mixture was then placed in
the dark for 1 h before the absorbance was read at 760 nm.
Gallic acid was a reference standard and the total phenolic
content was expressed as gallic acid equivalents (GAE, mg/g
extract).

Total flavonoid content

All extracts were determined total flavonoids using a
spectrophotometric assay developed by Dini [37]. About
0.5 mL of the extract (10 mg/mL) and catechin standard
(20-100 mg/L) were mixed in a test tube with 2 mL of dis-
tilled water, and 5% sodium nitrite (0.15 mL) was added
to the test tube. After 5 min, 10% aluminium chloride
(0.15 mL) was added to the mixture. At 6 min, 1 M sodium
hydroxide (1 mL) and distilled water (1.2 mL) were added,
and the mixture was mixed. The absorbance of the mixture
was measured against a blank at 510 nm. The total flavo-
noids of the extracts were expressed as mg catechin equiva-
lent (CE)/g dry weight of the plant.

Total sugar content

Total sugar content was determined based on a colorimetric
method [38]. The extract (1 mL, 10 mg/mL) was mixed with
5% phenol (1 mL), and 5 mL of concentrated sulphuric acid
was then added. The reaction mixture was incubated at 25 °C
for 20 min, and the absorbance was measured at 490 nm with
glucose as standard. The total sugar content was expressed
as mg glucose/g dry weight of plant (mg/g DW).
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Experimental design

Box—Behnken experimental design (BBD) with three levels
and three factors was selected to investigate the influence of
the process factors on RSM. Maximum and minimum treat-
ment levels were selected by carrying out preliminary screen-
ing tests. Therefore, the selection of conditions of the main
experiments include 40-80 °C for temperatures, 20—60 min for
extraction times; and 1:10-1:30 g/mL for extraction ratios. The
effects of the three main factors (ratio, temperature, and soni-
cation time) on three responses (phenolic, flavonoid, and sugar
contents) were determined. Table 1 lists the original and code
values of the extraction factors and their levels in the extraction
process. The experimental design involves 17 experimental
runs, including five replicates at centre points, used to allow
for the estimation of a pure error sum of squares, and the total
number of experimental runs were evaluated from Eq. (4) [19].

N =2KK-1)+ C, 4)

where K is the number of experimental factors and C, is the
number of central points.

A second-order polynomial equation was fitted to the data
by linear regression (Eq. 5):

k k k k
Y=hot DX+ L BX+ D P XX e )
i=1 i=1 i

where Y is the dependent variable (flavonoid and phenolic),
By is the model constant, f3;, §;, p;; are the model coefficients,
X is the independent variable, & is the number of independent

factors, and ¢ is the error. The parameters f;, ;;, and f; rep-
resent the linear, quadratic, and interaction effects of the
variables, respectively.

Optimisation of sweetening compound extraction
conditions

BBD experimental data were used to determine the optimal
conditions for the model. All response variables (total phe-
nolic, flavonoid, and sugar contents) were kept at maximum,
and the independent variables (temperature (X,), time (X,)
and ratio (X)) were kept within the desired range (between
lower and higher level). Statistica 9.0 software (StatSoft
Inc., Tulsa, OK) generated the optimal conditions based on
BBD data. Further, the optimal condition gave the model a
predicted value for each response, for comparison with the
experimental value. Hence, the experiments were performed
at the suggested optimal condition, and the response values
obtained were compared with the model’s predicted val-
ues. After, the extract from the optimal condition was used
to analyse the phenolic; flavonoid; and sugar compounds,
concentration of 18B-glycyrrhetinic acid, and sweetness
intensity.

Phenolic and flavonoid analysis

Under optimal conditions, Oi Sam Saun UAE extract (=10 mg)
was hydrolysed using 10 mL of 1 M trifluoroacetic acid (TFA)
at 90 °C for 60 min. Next, the solution was mixed with 40 mL
methanol and exposed in a rotary evaporator at 40 °C, until
the remaining TFA was removed. The hydrolysed sample was

Table 1 Experimental design

. Run Temperature (°C) Sonication Ratio (g/mL) Response 1 Response 2 Response
and results obtained on the time (min) (phenolics) (flavonoids) 3 (sugars)
sweetness compounds Oi Sam
Suan extracts 1 40(-1) 20(-1) 1:20 (0) 0.2703 0.0401 1.9868

2 80 (1) 20 1:20 0.2933 0.0424 2.1132
3 40 60 (1) 1:20 0.2596 0.0415 2.1592
4 80 60 1:20 0.4398 0.0505 22138
5 40 40 (0) 1:10 (= 1) 0.5018 0.1222 4.0010
6 80 40 1:10 0.5043 0.1301 4.5374
7 40 40 1:30 (1) 0.1857 0.0092 1.2843
8 80 40 1:30 0.2049 0.0103 1.6847
9 60 (0) 20 1:10 0.5162 0.1213 3.8477
10 60 60 1:10 0.5304 0.1276 4.4464
11 60 20 1:30 0.1986 0.0098 1.3935
12 60 60 1:10 0.5219 0.1270 4.4943
13 60 40 1:20 0.2307 0.0371 2.0155
14 60 40 1:20 0.2410 0.0375 1.9885
15 60 40 1:20 0.2313 0.0368 2.1362
16 60 40 1:20 0.2285 0.0373 2.0328
17 60 40 1:20 0.2323 0.0371 1.8776
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mixed with 20 mL deionised water and filtered with a 0.45 pm
syringe filter used for phenolic and flavonoid determination.

Phenolic and flavonoid compounds were determined
under optimal Oi Sam Saun UAE conditions. The extracts
were analysed using an HPLC-DAD (diode array detector;
1200 Series, Agilent Technologies, USA), using an Eclipse
XDB-C18 column (4.6 mm ID X250 mm, 5 pm) and a lin-
ear gradient with water (pH 2.5) containing TFA (A) and
acetonitrile (B) for 65 min at a flow rate of 1.0 mL/min.
The gradient was set as 0-20 min, 95-90% A; 20-50 min,
95-70% A; 50-55 min, 70-50% A; 55—60 min, 50-95% A;
60-65, 95% A. The samples (5 pL) were loaded into the
HPLC-DAD. The DAD detector was set at 280 and 350 nm
for phenolic and flavonoid detection, respectively.

Sugar analysis

Sugar type and content were identified by high performance
liquid chromatography-evaporating light scattering detec-
tor (HPLC-ELSD; Alltech, Buchi, Switzerland). Oi Sam
Saun UAE extracts, under optimal conditions, were dis-
solved in distilled water at a concentration of 1000 ppm
and filtered through 0.45 pm (Millipore) filters. Separation
was achieved using a Rezex RPM Monosaccharide column
(300 mm x 7.8 mm ID, 8 pm particle size). The mobile phase
was water in isocratic elution with a flow rate of 0.6 mL/min
for 30 min. The detection of analytes was conducted using
an evaporative light scattering detection (Alltech, Buchi,
Switzerland) technique which detects organic molecules by
mass; hence, it is useful in the quantitative determination
of non-UV-sensitive compounds. The drift tubes for ELSD
were set at 105 °C and the flow rate of nebulising gas (N,)
was 2.6 standard litre per minute (SLM). The sugar standard
chromatograms were for glucose, fructose, and sucrose.

Determination of 18B-glycyrrhetinic acid

The 18B-glycyrrhetinic acid content of the Oi Sam Saun
UAE extract, under optimal conditions, was identified by
the modified method of Esmaeili et al. [39], using 1200
series Agilent HPLC system with a 20 pL sample loop
attached to a DAD. HPLC analysis was completed using a
reversed phase XDB-C18 column (250 4.6 mm, 5 mm) and
18B-glycyrrhetinic acid was determined using an acetoni-
trile/phosphoric acid (3/1, v/v; pH 2.5) mobile phase at flow
rates of 1.0 mL/min (0-8 min) and 0.6 mL/min (8—20 min)
at a detector wavelength of 230 nm.

Sensory evaluation and sweetness intensity
estimation of Oi Sam Saun UAE aqueous extracts

Sensory evaluation of Oi Sam Saun UAE extracts, under
optimal conditions, was conducted by 10 semi-trained

assessors (3 males and 7 females) aged 24-30 years old.
The intensity of each attribute, including sweet, sour, and
bitter tastes, using a nine-point intensity scale, in which
zero indicated an unperceived attribute intensity and nine
indicated a strong attribute intensity. Sucrose (1-6%, inter-
val 0.4%), citric acid (0.00061-5.00 mM, interval twofold),
and caffeine (0.05-8.7 mM, interval 0.25 mM) were used as
standards for the sweet, sour, and bitter tastes, respectively.
Evaluating Oi Sam Saun UAE extract (1 mL) was conducted
at room temperature under clean air conditions and served in
opaque disposable plastic cups [40]. Moreover, the sensory
evaluation of extracts was repeated twice.

For sweetness intensity estimation, the individual asses-
sors who participated in the study were trained to distinguish
intensities of a series of sweet solutions. The sweet solution
(10 mL), at a concentration of 1, 2, 5, and 10% sucrose, was
selected for the first session, and 0.5, 1, 2, and 3% sucrose
were used for training in the second session [41]. Oi Sam
Saun UAE extract was evaluated by 10 trained assessors in
the manner described by Yoshikawa et al. [42] and Darise
et al. [43]. All trained assessors were asked to taste a sucrose
solution and estimate its total taste intensity relative to the
sample solution. Assessors tested in this way four times for
each sample. The sweetness potency of Oi Sam Saun UAE
extract, relative to that of sucrose, was calculated using
Eq. (6):

Sweetness potency = % x 100 6)

where A is the concentration (% w/v) of sample solution
at 10%, and B is the concentration (% w/v) of sucrose with
the same sweetness as sample, which calculated from the
linear regression formula of the sweetness score (1-9 point)
against sucrose concentration (0—10% w/v).

Statistical analysis

All tests were performed in triplicate. Statistical analysis
was performed by the analysis of variance (ANOVA) and
least significant difference (LSD) test, using SAS statistical
software, version 9 (SAS Institute Inc., Cary, NC, USA), at
95% confidential interval or probability at <0.05. The three-
dimensional (3D) response surface plots of the experimental
model were generated using the Statistica 9.0 program (Stat-
Soft Inc., Tulsa, OK).

Results and discussion
Fitting the response surface model

The preparation process of Oi Sam Saun UAE extracts and
the overall experiment is illustrated in Fig. 1. In this study,
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UAE involved three important factors—temperature, sonica-
tion time, and extraction ratio—which can strongly influence
the yield, colour, and phenolic, flavonoid, and sugar contents
of Oi Sam Saun extracts. Experiments were applied to deter-
mine the optimum temperature, time, and extraction ratio for
yield, colour, and phenolic, flavonoid, and sugar compounds
in the extract, based on BBD.

The extraction yield, L*, h° and BI of Oi Sam Saun
UAE extracts ranged between 2.01-2.35%, 85.12-86.62,
51.1-53.4, and 0.190-0.192, respectively. The colour and
hue value of Oi Sam Saun UAE extracts represented the
light brown colour of the extracts. The light brown colour
of the extract could be from some phenolic, flavonoid, or
other compounds such as polyphenol or pigments in plants

Fig. 1 Schematic illustration
for the process of Oi Sam Saun
UAE extraction and overall
experiment

[44]. However, the main three factors, including tempera-
ture, sonication time and extraction ratio did not possess
significant interaction with the extraction yield, colour, and
BI (p>0.05). Contrarily, there were significant interactions
between total phenolic, total flavonoid, and total sugar con-
tents with these parameters. Therefore, phenolic, flavonoid
and sugar contents were selected as the criteria to determine
the optimal condition for the Oi Sam Saun UAE process.
The experimental results for the 17 experimental points
included five central points from the BBD, which were cal-
culated from Eq. (5), and are shown in Table 1. The quad-
ratic model was applied to show the influence of variables
over phenolic, flavonoid, and sugar contents in the extract.
The quadratic model regression analysis equations, which

Derris reticulata stems
(Oi Sam Saun)

- Dried at 50°C
- Grinded and Sieved

Oi Sam Saun stem powders

l

Ultrasonic-assisted extraction (UAE)
with water at 120 W and 37 Hz.

- Sonication time (20—60 min)

- Extraction temperature (40-80°C)
l - Extraction ratio (1:10-1:30 g/mL)

Oi Sam Saun UAE aqueous extracts

l

Determined yield, colour, phenolic,

flavonoid and sugar content

|

Optimized extraction condition by
Box-Behnken design (BBD) and

response surface methodology (RSM)

l

Optimized Oi Sam Saun UAE extract

l

Determined phenolics,
flavonoids and sugars by

HPLC
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|
Determined Determined sweetness

potency by sensory
evaluation
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were calculated from Eq. 6 of Oi Sam Saun, were obtained.
The results showed that the experimental data fit a quad-
ratic model in the phenolic, flavonoid, and sugar contents of
Oi Sam Saun based on ANOVA (Table 2), with significant
R? values (> 0.90) for the effect of extraction temperature,
sonication time, and extraction ratio on phenolic, flavonoid,
and sugar contents. The second-order equations for these
variables are shown as Eqgs. (7)—(9), respectively.

Phenolic (mg/g) = 0.233 4+ 0.028X; + 0.027X, — 0.147X,

+0.039X, X, + 0.056X; + 0.089X;
M

Flavonoid (mg/g) = 0.037 + 0.003X,; + 0.002X,
- 0.058X; +0.004X> + 0.002X, X,
- 0.002X,X; — 0.001X,X,4

+0.003X; + 0.027X;
®

Sugar (mg/g) = 2.010 + 0.140X, — 1.415X,

- 0.210X,X; + 0.741X3 ©)

where X, temperature (°C), X, sonication time (min), and
X solid/liquid ratio (mL/g).

ANOVA was used to evaluate the significance of the
quadratic polynomial models. The linear terms of temper-
ature (X), time (X,), and ratio (X;) showed a significant
effect (p <0.05) on phenolic content. The quadratic terms of

Table 2 Model coefficient estimated by multiple linear regression for
sweetness compounds of Oi Sam Saun as affected by extraction tem-
perature (X), sonication time (X,) and extraction ratio (X;)

Coefficient Phenolics Flavonoids Sugars
Constant 0.233* 0.037* 2.010%
Linear
X, 0.028* 0.003* 0.140*
X, 0.027* 0.002* 0.090
X; —0.147* —0.058* — 1.415%
Quadratic
X2 0.027 0.004* 0.126
X,’ 0.056* 0.003* —-0.018
X 0.089* 0.027* 0.741*
Interaction
X, X, 0.039* 0.002* —-0.018
X, X; 0.004 —0.002* —0.034
X,X; 0.019 —0.001* —0.210%
Lack of fit <0.001 0.003 0.055
R? 0.983 0.999 0.995
Adjusted R? 0.962 0.996 0.988
*p<0.05

time (X22) and ratio (X32) on phenolic content also exhibited
a significant effect (p <0.05), whereas the effect of tempera-
ture was insignificant (p > 0.05). The combined effect on
phenolic contents was significantly (p <0.05) influenced by
temperature and time.

The linear and quadratic effects of all three parameters
on flavonoid content were significant (p <0.05). ANOVA
showed that, in combination, flavonoid contents were sig-
nificantly influenced by temperature (X;) and time (X,)
(» £0.05). Moreover, in combination, flavonoid content was
also significantly influenced by extraction temperature (X,)
and ratio (X,), and time (X) and ratio (X3) (p £0.05).

The linear effects of temperature (X,) and ratio (X3), and
the quadratic effect of ratio (X3,) on sugar content in the Oi
Sam Saun UAE extract was significantly different (p <0.05).
In combination, only the interaction between time and ratio
had a significant (p <0.05) effect on sugar content. Moreo-
ver, the highest values of estimated regression coefficients
for extraction ratio (f3=— 0.147, — 0.058, and — 1.415)
indicated that it was the most important linear variable
influencing phenolic, flavonoid, and sugar contents. The
negative value implied that phenolic, flavonoid, and sugar
contents increased with decreasing extraction ratio. In addi-
tion, the model fitness was investigated using the lack-of-fit
test (p <0.05), which indicated the suitability of models for
accurate prediction of the variation [45].

However, the range of temperature and times using for
extraction depended on the plant’s part. Because of the plant
cell wall, in stem of Oi Sam Saun, comprises cellulose,
hemicellulose, and lignin and also targeted phenolic and
flavonoid compounds bound in plant cell, these compounds
were extracted using high temperature and long extraction
time (80 °C, 60 min) to improve the extraction yield [46].
Jovanovic et al. [47] reported that high temperature (80 °C)
had a positive effect on the polyphenols yield from the Thy-
mus serpyllum L. herb. Meanwhile, longer sonication time
can enhance the mechanical effects to promote extraction
efficiency [48].

Optimisation of the extraction process

The 3D response surface plots and two-dimensional (2D)
contour plots were constructed from the regression equa-
tions to visualise and study the relationship between the
response (temperature, sonication time, and extraction ratio)
and sweetening compound (phenolic, flavonoid, and sugar)
extraction variables shown in Fig. 2.

For phenolic compounds in the Oi Sam Saun extracts, the
3D and 2D RSM plots are shown as a function of tempera-
ture and sonication time in Fig. 2a. ANOVA results indicated
that X (temperature) and X, (sonication time) had positive
interaction effects on phenolic content (p <0.05; Table 2).
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Phenolic content increased with increasing extraction tem-
perature and time, probably due to enhanced mass trans-
fer rate and diffusibility at higher temperatures of solvent
into the plant cell matrix. Further, the solubility of phenolic
compounds also increased at higher temperatures. These
phenomena create bubble cavitation in liquid medium and
cause bubble collapse, which damages the plant cell matrix
[18, 20, 46]. It can be concluded that the maximum phenolic
content of Oi Sam Saun UAE extract was attained when
extraction temperature and sonication time were ~80 °C and
60 min, respectively.

The 3D and 2D RSM plots of Oi Sam Saun flavonoid
contents are shown in Fig. 2b-2d. Based on ANOVA,
the combined effect of temperature and sonication time,
temperature, and ratio, and sonication time and ratio were
statistically significant (p <0.05). The flavonoid content
increased with increasing temperature and sonication time
(Fig. 2b). Increasing the sonication time influenced fla-
vonoid content due to swelling, and hydration of plant
material could be accelerated by the cavitation effect of
ultrasound waves during the initial extraction period. The
asymmetric collapse of micro-bubbles near surfaces was
also associated with micro-jets that could cause the dis-
ruption and penetration of water into the matrix through
diffusion, improving the washing out of flavonoid content
from plant material to surrounding water and enhancing
extraction [21]. Figure 2c, d show the effect of temperature

sy

and extraction ratio and sonication time and extraction
on flavonoid content, respectively. As seen in Fig. 2c,
flavonoid content increased with increasing temperature
and decreasing extraction ratio. Figure 2d shows that
increasing sonication time and decreasing extraction ratio
increased flavonoid content. This phenomenon was also
reported in the UAE of polyphenols from Sparganium
stoloniferum [49]. Taken together, it can be concluded
that flavonoid content was the highest when the extrac-
tion ratio, temperature, and sonication time were 1:10 g/
mL, 80 °C, and 60 min, respectively.

For sugar compounds, Fig. 2e demonstrates the interac-
tive effect of sonication time and extraction ratio on sugar
content. ANOVA showed that sugar content depended on
sonication time and extraction ratio, combined (p <0.05).
Sugar content increased with increasing sonication time
and decreasing extraction ratio. According to Fig. 2e, the
longer the sonication time, the higher is the sugar con-
tent, which is like the phenolic and flavonoid contents.
Therefore, sugar content was the highest when the extrac-
tion ratio and sonication time were around 1:10 g/mL and
60 min, respectively.

RSM optimisation and model validation

The numerical optimisation method was used to optimise
the UAE conditions. The optimal Oi Sam Saun UAE con-
ditions, which gave the maximum phenolic, flavonoid,
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Fig.2 3D response surface graph of Oi Sam Saun of total phenolic content against time and temperature (a); total flavonoid content against time
and temperature (b), temperature and ratio (c¢) and time and ratio (d); total sugar content against time and ratio (e)
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and sugar content were 1.0 (temperature), 1.0 (sonication
time), and — 1.0 (extraction ratio), in coded form. The cor-
responding actual optimum extraction conditions were 80
°C, 60 min, and 1:10 g/mL, based on the regression analysis
and 3D surface plots of the independent variables. Under
these conditions, the predicted values for phenolic, flavo-
noid, and sugar contents were 0.4725 mg/g, 0.1688 mg/g,
and 5.2454 mg/g, respectively (Table 3). The experimental
values were compared with the predicted values obtained
from the model equation to verify that the selected condi-
tions were suitable. Therefore, phenolic, flavonoid, sugar
compounds, 18p-glycyrrhetinic acid and sweetness inten-
sity were analysed from the optimised Oi Sam Saun UAE
extract.

Quantification of phenolic and flavonoid
of optimised Oi Sam Saun UAE extract

Some phenolics and flavonoids have been reported for
their sweetening properties, which were glycoside forms
[3]. However, there are no reports on the type of phenolic
and flavonoid compounds in Oi Sam Saun UAE extracts.
Thus, the determination and identification of phenolic and
flavonoid compounds in Oi Sam Saun UAE extract was
done. Under optimised UAE conditions, the extract of Oi
Sam Saun (80 °C, and 60 min, 1:10 g/mL) was investi-
gated in the presence of phenolic and flavonoid com-
pounds. The extract was hydrolysed by TFA to give free
phenolics and flavonoids before analysis. The hydrolysed
compounds were identified by comparing their retention
times and UV absorption spectrum with those of stand-
ards. Eight compounds were shown in the chromatogram,
but only four compounds were identified and quantified—
two phenolics (gallic acid, 0.108 +0.012 mg/g extract and
p-coumaric acid, 0.082 +0.007 mg/g extract), and two fla-
vonoids (quercetin, 0.047 +0.008 mg/g extract and kaemp-
ferol, 0.031+0.002 mg/g extract) (Fig. 3; Table 4). These
phenolic and flavonoid compounds might be attached to

sugars as a glycoside form, or bound in the cell wall [50],
which might give a sweet taste. For example, quercetin and
kaempferol structures might have similar dihydroflavonol
or glycoside forms as other sweet phenolic and flavonoid
compounds, such as glycyphyllin, a dihydrochalcone glyco-
side, or (2R, 3R)-dihydroquercetin 3-O-acetate, a dihydro-
flavonol [3], giving a sweet taste to Oi Sam Saun extract.
Hence, the unknown phenolic and flavonoid compounds
may be the key to the sweet taste of this plant extract.

Sugar profile of Oi Sam Saun UAE extract

The sugar composition of the optimised Oi Sam Saun
UAE extract was quantified via HPLC-ELSD. Glucose,
fructose, sucrose, and maltose were used as sugar stand-
ards. The chromatogram results showed that the extract
(Fig. 4) contained known sugars including sucrose
(1.333 +0.098 mg/g extract), glucose (0.705 +0.051 mg/g
extract), and fructose (0.891 +0.074 mg/g extract), and
three unknown sugars (Table 4). The type and concentra-
tion of sugars were related to the sweetness intensity of the
plant. Glucose in this plant might be in the form of glyco-
side and impart a sweet taste, like glycyphyllin, which has
glucose in its structure. Sucrose also gives a sweet taste
to this plant, depending on the concentration. Moreover,
sugars in this extract might be bound with phenolics and
flavonoids as a glycoside structure, which related to the BI
value of extracts. It indicates that the light brown colour of
extracts in all conditions is not from the oxidation of sugar
(caramelisation). Therefore, analysis of the phenolic, fla-
vonoid, and sugar components suggested that phenolic and
flavonoid compounds in Oi Sam Saun UAE extract exist in
glycoside forms, which might impart a sweet taste to it [3].

Table 3 Optimized extraction conditions (original and adjusted) of Oi Sam Saun UAE extract for sweetness compounds, predicted and experi-
mental values for the optimized response variables and sensory evaluation score

Response Conditions Predicted Experimental ~Sensory score Sweetness
variables . - - value value - intensity
Temperature  Time (min) Ratio (g/mL) Sweetness  Sourness Bitterness
O
Phenolic? 0.4725 0.483+0.032
Flavonoid® 80 60 1:10 0.1688 0.149+0.033 6.94+0.28 0.24+0.09 1.26+0.33 166
Sugar® 5.2454 4.802+0.651

#Phenolic content were expressed as mgGallic equivalent/g dried weight (mngGAE/gDW)

Flavonoid content were expressed as mgCatechin equivalent/g dried weight (mgCE/gDW)

“Sugar content were expressed as mgGlucose equivalent/g dried weight (mg/gDW)
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Fig.3 HPLC chromatogram showing the phenolics (a) at 280 nm and flavonoids (b) at 350 nm in the Oi Sam Saun UAE extract

Table 4 Phenolic, flavonoid, sugar and 18f-glycyrhetinic acid contents of optimized Oi Sam Saun UAE extract

Phenolic (mg/g) Flavonoid (mg/g) Sugar (mg/g) 18B-glycyrhetinic acid (%)
Gallic acid p-Coumaric acid  Quercetin Kaempferol Sucrose Glucose Fructose
0.108+0.012  0.082+0.007 0.047+0.008 0.031+0.002 1.333+0.098 0.705+0.051 0.891+0.074 0.529+0.002

Sucrose acid content was 0.529 +0.002 mg/100 mg of the opti-

o
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@
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Gluc 13.16f
Fruc 18.383

7.350

Fig.4 HPLC-ELSD (evaporating light scattering detector) chromato-
gram showing the sugar profile of the Oi Sam Saun UAE extract

The 18p3-glycyrrhetinic acid content of optimised Oi
Sam Saun UAE extract

The chromatogram in Fig. 5 shows the 18f-glycyrrhetinic

@ Springer

mised Oi San Saun UAE extract (0.529%; Table 4). The
typical amount of 183-glycyrrhetinic acid found in liquo-
rice root was 0.1-1.6%, depending on the region of cul-
tivation, species, and extraction method [51]. Therefore,
this is the first time 18f-glycyrrhetinic acid in Oi Sam
Saun UAE extract has been reported. 188-glycyrrhetinic
acid gives a sweet taste due to the hydroxyl group as a
functional group (R) at C-3 position. When R is another
compound such as an anionic NHCO(CH,)CO,K side
chain or glucuronic acids, a different sweetening effect
can be found [52].

Nevertheless, O1 Sam Saun UAE extracts are non-toxic
due to the toxicological result (data not shown). From the
study of Kumkrai et al. [53], D. reticulata aqueous extract
did not produce clinical signs of toxicity by sub-chronic
administration. 18f-glycyrrhetinic acid has also been
shown to possess several pharmacological benefits, such
as an anti-ulcerative effect, anti-inflammatory activity,
direct and indirect antiviral activity, interferon inducibil-
ity, an antihepatitic effect, and an antihyperglycemic effect
[54]. Furthermore, 18f-glycyrrhetinic acid was found in
liquorice diet gum, cough mixtures, tea herbal medicine,



Ultrasound-assisted extraction for simultaneous quantitation of potential sweetening... 2261

18B-glycyrrhetinic acid

=22.732

mAU - *
- o
120 | T
100 |
80 ‘
60 2
o
| AE
40+ ¥
I
] |
|
1 |
20 - \
i \ o ©
L =8 3
o O ‘f’
0+ . | \ (71_|Ar.\.l’A‘, -~ _ —
W

Fig.5 HPLC chromatogram showing 18p-glycyrrhetinic acid in the Oi Sam Saun UAE extract

and candy [55]. In addition, the UAE method is a green
extraction technology for bioactive compounds applied
in food industry, because of its safety and cost efficiency
[32]. This suggests that Oi Sam Saun UAE extract contain-
ing 18B-glycyrrhetinic acid has the potential to use in food
application.

Sweetness intensity of optimised Oi Sam Saun UAE
extracts

The optimised Oi Sam Saun UAE extract (80 °C, 60 min,
1:10 g/mL) was selected for sensory tests. The number of
assessors in this study including 3 males and 7 females
appeared sufficient for sensory evaluation [56]. In addition,
the number of assessors could be varied from 5 to 30 asses-
sors [40]. Moreover, the number of genders did not affect the
result of the sensory test because the assessors were selected
by qualitative different test, especially sweet perception for
this study [40, 41]. The sensory scores for each stimulus
(sweetness, sourness, and bitterness) on an adjective scale
were detected as 6.94, 0.24, and 1.26, respectively (Table 3).

The relationship between the sweetness score from the
individual assessors who participated in the study and the
sucrose concentration was determined, and the equation,
y=0.6981x (R2 =0.9656), was generated, and then used to
calculate the B value in Eq. (6). The Oi Sam Saun extract
was 166 times sweeter than sucrose, which could be attrib-
uted to the combined effect of several compounds in the
plant’s crude extracts, such as polyphenols, alkaloids, and
other pigments, which contribute to the sweet taste and con-
centration of sweetening compounds in the crude extracts.

Polyphenols are responsible for some important sensory
properties associated with foods. This complex and large
family of molecules is responsible for the production of taste
sensations, ranging from bitter to astringent and pungent,
depending on the polyphenol composition of the food [57].
Therefore, the different concentrations of phytochemical
compounds, including flavonoids, sugars, and phenolics,
elicited similar or better sensory responses from the indi-
vidual assessors who participated in the study. It has been
indicated that phenolic, flavonoid compounds bound with
sugars as glycosides and 18f-glycyrrhetinic acid enhanced
the overall preference for Oi Sam Saun UAE extracts due
to their sweet tastes [3]. High concentrations of these com-
pounds may also play a beneficial role when incorporated
as part of sweeteners because they contribute to antioxidant
activity inherent in UAE extracts [58, 59].

Conclusion

For the first time, the phenolic, flavonoid, and sugar com-
pounds from Oi Sam Saun were extracted using UAE.
This BBD with RSM optimisation study showed that
UAE gives the best yield of phenolic, flavonoid, and sugar
sweetening compounds. The optimal conditions for Oi
Sam Saun extraction was achieved with an ultrasonic treat-
ment of 80 °C for extraction temperature, sonication time
of 60 min; and extraction ratio of 1:10 g/mL. Under the
optimal condition, the experimental results agreed closely
with the predicted results. The phenolics, including gallic
and p-coumaric acid; flavonoids, including quercetin and
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kaempferol; sugars including glucose, fructose, and sucrose;
and 18p-glycyrrhetinic acid were found. In addition, the Oi
Sam Saun UAE extract was 166 times sweeter than sucrose.
These results revealed the potential application of this Thai
medicinal plant in foods as a sweetening agent to substi-
tute sugars and provide several pharmacological benefits.
Moreover, its application as a sweetening compound may
be rationalised for suitable processing to improve taste and
sweetness potency. However, the fractionation, purification,
and identification processes of individual sweetening com-
pounds need to be investigated. Therefore, further studies
should focus on identifying the new sweetening compounds
via liquid chromatography with tandem mass spectrometry.
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