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The present work demonstrated the bioactive compound recovery from Bentong
(Zingiber officinaleRoscoe var. Bentong) using ultrasotassisted extraction (UAE) in terrr
of crude yield (CY), as well as total phenolic content (TPC)diphenyt2-picrylhydrazyl

12 Auguse021 (DPPH), and ferric reducingntioxidant power (FRAP), which reflected the antioxid:
Accepted: properties. These response variables were evaluated as functions of the independent
16 November 2021 temperature (3060°C), time (10 30 min), and ultrasonic iahsity (1768 5304.10 W/crd),

using response surface methodology (RSM). The variables were optimised using qt
Keywords

polynomial through the correlations calculated from the regression models fitted
experimental data. The predicted values of CPC, FRAP, and DPPH under the optin
conditions (40°C, 3536.78 W/&yrand 25 min) were 23.42%, 778.08 mg GAE/g, 636.08 i
Fe*/g, and 150.01%, respectively. These experimental values were well fitted wi
predicted values, except for DPPH. With UAEt at the optimal conditions, a geaching
step (PLS) was added to the process to investigate its effect on the extraction. It wa
that PLSUAE produced higher extraction yields (30.15%); however, the antioxidant ac
of the extracts was sidgigantly (p < 0.05) higher at the optimised condition for UAE or
treatment. The PLS application led to structural cell damage which increased CY, a
was validated through scanning electron microscopy (SEM).
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Bentory ginger,
ultrasound,
extraction

© All Rights Reserved

Introduction 2014) make it particularly suitable for healthcare and
disease prention. Moreover, the use of natural
supplements, including phenolic compounds from
plants, has grown rapidly to replace synthetic
supplements.

The conservative industrial methods to
recover the valuable compounds from plants include
hydro-distillation and Soxhlet extraction (Azmiet
al., 2013). Nevertheless, these widely used methods
are somewhat controversial as major drawbacks have

been reported. For instance, high temperatures

Ginger Eingiber officinale Roscoe) is a
tropical and subtropical plant commonly found in
Southeast Asia (Mohat al., 2015). It is widely
consumed in various forms including beverages
(Ahammedet al.,2015). It is also popularly used for
medicinal purposes, for example, to treat nausea.
Ginger contains a variety of bioactive compounds
(Ghafooret al., 2020). Ghasemzadedt al. (2010)
reported that the high antioxidant content of ginger
rhizomes might be of medicinal benefits such as anti employed in hydralistillation cause product loss,
inflammatory and anticancer properties (Yadaal., aroma loss, and the daglation of important volatile
2016), and these functional properties are generally compounds (Ghafoaet al.,2010). In addition, even
attributed to its bioactiveotnpounds such as gingerol a long extraction time vyields a relatively small
and shogaol (Kamaliroostat al., 2013). Bentong amount of product, which can make the process
ginger, a variety oZ. officinale has a large, dull uneconomical. The Soxhlet extraction method is also
yellowish rhizome that is less fibrous than that of time-consuming, as it takefrom several hours up to
other varieties. It is reported to be spicier, more several days, causing the degradation of unsaturated

aromatic, and of highefibre content than other
varieties cultivated in Malaysia (Motet al., 2015).
The significant quantities of phenolic substances and
antioxidant activity of Bentong ginger (Suhaiatial.,
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or ester compounds, and volatilisation of the
bioactive compounds through thermal or hydrolytic
effects (Ghafooret al., 2010). In general, the
limitations of the conventionahethods involve the
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thermolability of the desired compounds, which extracted solid material) (Chenwital.,2017). Santos
undergo various chemical alterations due to high et al.(2010) stated that the solvent extraction process
temperatures, and the prolonged exposure times thatu s i n g et hanol i s categor
can reduce the quality of the extracts (generally recognized as safe) which offers a good
(Selvamuthukumaran and Shi, 2018). Therefore, a manufacturing practice. In addition, ethanol used in
better approach is necessary to overcome thesesolvent extraction is also considera/ironmentally
drawbacks concerning product quality. Furthermore, friendly and efficient for valuable compound
if higher yield can be obtained in a shorter time, the recovery from herbal sources (Bimadtral, 2016).
profitability of the industrial process can also be I n t his regard, et hanol i
increased. solvent that could potentially replace other non
Ultrasoundassisted extraction (UAE) is a environmentally friendly solvents such asxhne.
promising technology for the recovery of bioactive The capability and efficiency of ethanol in extracting
compounds from Bentong ginger. UAE is a relatively oils has been reported in radish seed (Stevanato and
efficient method as compared to the conservative da Silva, 2019) and ginger (Murpky al.,2020).
methods, as well as economically viable (Tabagaki Response surface methodology (RSM) is an
al., 2012). UAE employs acoustic energy that empirical model platform by collecting a set of
generges in the solvents to rupture the cell walls, and mahematical and statistical techniques for a
extracts the target compounds from a variety of simultaneous solution to the multivariate equations.
samples (AguilaHerndndez et al.,, 2019). This can be used to evaluate the variables, for
Technically, the cavitation phenomena involve instance, amplitude, soli-solvent ratio, power,
bubble collapse and generation of high temperature, time, and ultrasonic wave distribution that affect the
which lead to the@ropagation of the pressure waves UAE process (Tabaraldt al.,2012; Sharayeét al.,
in the mechanism behind cell wall breaks, thus 2019). In turn, an accurate evaluation of the effects of
releasing the interest compounds into the solvent such variables, individually or in combination, allows
(Ebringerova and Hromadkova, 2010; Chesetadl., the UAE process to be optimised. In the present work,
2017). The process of softening the cell walls through the main goal was to evaluate and optenitee effects
hydration which leds to higher solvent penetration of UAE temperature, time, and intensity of ultrasound
into the sample is attributed to the mechanical effect with a threelevel BoxBenkhen design on crude
of ultrasound, thus improving the rate of mass transfer yield, total phenolic content, and scavenging activity
of soluble polysaccharides due to the brapkof of Bentong ginger extracts. Thereafter, the effect of
sample cell walls (Ebringerova and Hromadkova, adding the préeaching step tthe UAE process was
2010). Therefar, UAE is a relatively efficient investigated in terms of the amount of the extracts and
extraction method as compared to conservative secondary metabolites of Bentong ginger extracts.
methods such as stirring and thermal decoction, by
way of enhancing the amount of extracts, reducing the Materials and methods
time and energy consumption, while preserving the
quality of the compouwts (Chematet al., 2017; Sampling of Bentong ginger

Aguilar-Hernandezt al.,2019). In short, the entire Fresh Bentong ginger rhizomes were harvested
extraction process could significantly be improved by from Bentong, Pahang. Samples aaracked and
powerful ultrasound. stored in a chiller to maintain the freshness of the

This innovative technology is also considered ginger rhizomes until processing. The ginger
as O0greend technol ogy b yrhizomes i waie s prnegtedt hse desarilmed nby o f
solvert used (Turriniet al., 2019), hence positively = Ghasemzadehet al. (2010). Briefly, the fresh
influencing the environmental impact, particularly in rhizomes were thoroughly washed to remove any
term of energy. Chemat al. (2017) reported that 8  contaminarg, drained, and cut into thin cylindrical
kW.h energy was needed to extract fat and oil from slices with average thickness of 5 mm. The slices
oleaginous seeds using the Soxhlet method which iswere then freezdried in a freeze drier (Virtis
relatively higher than UAE (0.25 kW.h). In addition, Genesis Freeze Dryer; SP Scientific, New York,
the CQ emission is significantly reduced to 200 g USA) at-60°C and 0.1 1 mbar for approximately 96
CO,/100 g of extracted solid material when using h. The dried giger slices were then ground at room
UAE as compared to Soxhlet (6,400 g £X00 ¢ temperature using a food processor ({@X11011;
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Panasonic, Malaysia), and sieved through an aperturelntensity of ultrasonic estimation
of 500 em to obtain parti cl Theprabé micatipraf thealUAE prodaoed theT h e

ginger powder was kept at 5°C in vacugealed intensity of ultrasonic (I) which was calculated using
plastic bags uiitfurther analysis. Eq. 1:
Chemicals and reagents E— = — (Eq. 1)

All chemicals and reagents used in the present
work were of analytical grade. FoilDiocalteu where, P (W) = input power, and r (cm) = probe
reagent, gallic acid, and 2,4y8(2-pyridyl)-s-triazine microtip radius. The total input power of 500 W was
(TPTZ) were purchased from Merck (Darmstadt, adjusted to 25, 50, and 75% which corresfe to
Germany). Sodium hydroxide, sodium acetate 125, 250, and 375 W, respectively. The
trihydrate, and iron (ll) chioride hexahydrate were ., osnonding ultrasonic intensities were 1,768.39,

purchased from QRec (Malaysia). Diphenyt2- 3,536.78, and 5,305.17 W/énmespectively.
picrylhydrazyl free radical scavenging (DPPH),

ferrous sulphate, and quercetin were purchased from Soxhlet extraction
Sigma Aldrich (USA). Acetic acid, hydrochloric acid,
and aluminium chloride were purchased from
Friendemann Schmidt (USA). Ethanol, sodium
bicarbonate, and sodium rifeé were purchased from
Systerm ChemAR (Malaysia), J. Kollin (UK), and
ACROS Organics (Sweden), respectively.

Soxhlet apparatus containing 5 g of dried
powder of Bentong ginger was placed in a covered
thimble with wool. The extractor was connected to
the extraction flask which contained 100 mL of
ethanol. During the process, the condensed fresh
ethanol from a didtation flask was filled in the

] ) thimble. Two replications were conducted for 8 h.
Ultrasoundassisted extraction (UAE) The solventds boiling poir

The UAE unit (model: Ct334) used in this for the extraction temperature
present work had a maximum power of 500 W, and a

20 kHz fixed freuency was equipped with an  g,herimental design and statistical analysis

immersible probe (3 mm diameter of a horn microtip). A threelevel BoxBehnken design (BBD)

The UAE probe set was placed in 100 mL cylindrical respnse surface methodology (RSM) tool and

jacl_<et glass ves;el with a circulated water bath to Minitab software (Version 18.0) were employed in
malntalq the desired tempgrature. The probe was the present work. Accordingly, 15 experiments with
dipped in the vessel ctaining a sample and a hree jevels4L, 0, and +1) of the coded independent
solvent, while emitting the sound of vibration into the variables were performed for the optimisation. The
sample. _ triplicate experiments at the centre of the design were
~The UAE experiments were performed by 504 1o estimate the sum of square and pure error
placing 10 g of Bentong ginger powder and 200 ML gp4avept al., 2019). A response surface regression
of. ethanol (1:20, w/v) in th.e extraction ur?l'.[. The procedure was used to analyse the effect of the
mixture was conducted at diffnt UAE conditions  jqqenendent variables [temperatura)(ltrasonic

including times, ultrasound _intensities, ar\d intensty (x2), and time(¥)] on the crude yield (CY:
tempgratures (controlled by placing the extragtlon %), total phenolic content (TPC: mg gallic acid
flask in the water bath). A nylon membrane filter equivalents (GAE)/g), ferric reducirantioxidant
paper (0.45 um) and a vacuum rotary evaporator power (FRAP; umol F& /g), and DPPH free radical

(model: RV10) was used to vacudiltered he scavenging (DPPH; %), and fitted to a seconder
mixture and evaporate the solvent, respectively. The polynomid model (Eq. 2):

extracts were refrigerated in ambmroured glass
bottles (5°C % 1) until further analysis.

, o & 1 B T1T® B 1 & B Bl &
Following UAE condition optimisation, in (Eq. 2)
subsequent experiments, a {®aching step was
added to the optimed UAE process (SBAE), where, Y = predicted response,] ,I ,and =

which was conducted from 20 to 60 min to investigate constant, linear, squared, and interaction coefficients,

whether it would enhance the recovery of bioactive respectively( and® = independent variables, and

compounds from the Bentong ginger. - = noise or error. Statistically, the significant value
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(p-value < 0.05) of the process variables in the model chloride solution in proportions of 10:1:1 (v/v),

could be determined based theF-ratio andp-value respectivly (Benzie and Strain, 1996). To prepare
by ANOVA (Poodiet al., 2018). Model analysis, 200 ¢e¢L of this FRAP reage
lack-of-fit test, coefficient of determination, arif extract was added, and the mixture was mixed well.

were used to evaluatiee quality of the fitted models.  Microplate reader spectrophotometer (ELISA Plate
Reader) was used for absorbance measurement at 593

Determination of extraction yield nm following 4min incubation. Three replications of
The total yield from the extraction of Bentong the sample were measured. A similar procedure was
ginger was estimated using Eq. 3: applied to prepare a standard curve of iron (ll)
sulphate solution (200, 400, 600, 800, and 1000 ppm).
61 6 QQQaLQ p nm (Eq.3) The results were?®egxpressed

Total phenolic content (TPC) Results and discussin

As previously described by Bursal and Koksal o
(2011) with slight modification, FoliCiocalteu  Model fiting _
reagent was used to analyse the total phenolic content. The effects of extraction temperature,
To 25 pL of the sample solution made from 1 mg of ultrasound intensity, and extraction time on the
sample (ginger extract) in 1 mL of ethanol, 75 pL of guantity and quality of Bentong ginger extradte.('
Folin-Ciocalteu phenol reagent was added. After 3 CY» TPC, FRAP, and DPPH) were evaluated using
min, the solution was mixed with 150 uL of 2% RSM. The CY, TPC, FRAP, and DPPH of Bentong
Na,COs. The mixture was mixed well. argdored at gingerextracts ranged from 18.0 to 30.7%, 129.06 to
ambient temperature in darkness for 30 min before 1081.64 mg GAE/g, 318.86 to 1062.59 umot g
absorbance measurement at 760 nm. TPC was@nd 12.47 to 520.14%, respectively. This indicated
expressed as milligram gallic acid (GA) equivalent the ability of UAE to extract bioactive compounds

per gram. Gallic acid was used as a standard, and thd"©™M Bentong ginger.

calculation was based on the standard curveliitg Table 1 presents the ANOVA results and
acid. regression coefficients of the independent variables

on the linear, quadratic, and interaction terms. The

Antioxidant activity (DPPH) experimental data were in good agreement with a
The DPPH radicascavenging assays were secondorder polynomial model. The.models for.CY,

conducted according to Menset al. (2001). Test ~ 1PC. FRAP, and DPPbF process variables are given
extracts dissolved in ethanol (1 mg/mL) were mixed " EdS. 5 t0 8, respectively:
with 140 €L of DPPH ethanolic solution. The mixtur
was mixed well, and fefor 30 min in the dark, at O ®P CBT @ ® pE @ PP
ambient  temperature,  before  absorbance P& ¥ I X PP L TR WL T O
measurement at 517 nm. AB®Hr pic acid (25 8%9'5)was
used as a standard, and the calculation was based on _
the standard curve of ascorbic acid. The percentage YO P X T@#T o& ® THH ¢ pERD
inhibition was calculated usingiE4: PPHD P ppHD XBDW

POHDO pPOoPDHAR (Eq. 6)

b "0ENG QO Qe p T Tt (Eq. 4)

OYOO— ocwdn X p@D

where, Abs sample = absorbance of DPPH radical + P & D x B8 pt&Hd X @D
sample, and Abs control = absorbance of DPPH U® D& o® DG p Y&ID O (Eq. 7)
radical + ethanol. o
‘OLv L '® CTMEM T@D (@D

Antioxidantactivity (FRAP) C@RD XD (KD pTIHRD

The FRAP reagent was prepared by mixing P T@®D® o@H DO pGD® (Eq. 8)
500 mL of acetate buffer containing 1.6 g of sodium
acetate and 8 mL of acetic acid, 10 mM TPTZ
solution in 40 mM HCL, and 20 mM iron (lll)
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where, X%, Xo, and X = independent variable and thermal effects. The effects of cavitation and
extraction temperature, ultrasound intensity, and thermal will loosen the cell structure through the
extraction time, respectively. The models were all bubbles collapsing violently and bubble swelling,
statistically significantf < 0.05). respectively.

Effect of independent variables on crude yield (CY) Hold Values
Ultrasound intensity is a measure of both —
amplitude and frequency. Technically, the ultrasonic
intensity increases at a higher amplitude of a given
frequency, or a higher frequency of a given amplitude #
(Sharayeiet al., 2019). The increase in ultrasonic R
wave through compression and rarefaction cycles will
increase the amplitude, thus improving the extraction 2o0m Ulrasonc ntensty
efficiency (Chematet al., 2017). As illustrated in © s 2000
Figures la and 1bCY increased with increasin
ultrasound intensity. Carrerat al. (2012) found
significant differences between wave amplitudes of (@)
20 and 50% for the extraction of tannin and o e o
anthocyanin. They suggested that greater ultrasonic
amplitude could lead to higher ultrasonic intensity,
which induces greater cavitation, and improves the l
extraction of anthocyanin and tannin. Entezdral. ‘
(2004) reported that high intensity of ultrasound will e vietd o, —
generate and collapse more bubbles within a liquid. v /’ ©
This has been supported by Ghafebal.(2009)who Ny
also obtained the same trends in extraction 2000 5000 o -
improvement. The cavitation phenomenon which Ultrasonic Intensity
improved the ultrasourdssisted extraction was also
reported by Sharayett al. (2019). However, the (b)
increase in CY irFigures 1a and lwas only up to a Ultrasonic mtenaty 353678
certainthreshold before the intensity of ultrasound
began to have a negative effect. This could likely be
due to the distraction on the propagation of ultrasound
waves due to excess bubble formation. Wahgl. 275
(2015) also reported the same phenomenon forrpecti e ek Zoe
extraction from grapefruit peel using UAE at 20 kHz. o
Therefore, the intensity of ultrasound needs to first be B
optimised, rather than simply maximised, to obtain femperature
the highest yields (Pooét al.,2018).
Figures 1b and 1show that when extraction ©
time was increased from 10 min to 30 min, CY also
increased. The bioactive compounds are released
from the broken cells into the exterior solvent by the
action of the ultrasound. Herein, 15°C was set as the
interval for 30 to 60°C range. Temperatures above
60°C ae unsuitable as the bioactive compounds are
heatsensitive. Figure 1c shows that extraction
temperature positively influenced CY. The highest
CY values were extracted at the highest extraction
temperature, 60°C. These findings are supported by
two important phenomena in UAE namely cavitation

21
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20 Time
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50 60

Figure 1. 3-D plots of CY (%) as a function d&)
temperature (°C) and intensity of ultrasound (WAcm
at 20 min extraction timép) intensity of ultrasound
(W/cn?) and time (min) at 45°C extraction
temperature, angt) temperature (°C) and time (min)
at 3536.78 W/crhintensity of ultrasound.

Effect of independent variables on the bioactive
compounds

The bioactive compounds of Bentong ginger
extract, in terms of T€ (mg GAE/g) and antioxidant
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capacity of the extracts, including DPPH (%) and can still case chemical decomposition due to the
FRAP (umol Fé'/g), as a function of the independent acoustic cavitation, thus yielding hydroxyl radicals
variables and their interactions, are showifrigure (Li et al, 2004). To some extent, further
2. Figures 2a 2c (ii) illustrate the response variables decomposition of bioactive compounds at stronger
of TPC, DPPHand FRAP as a function of ultrasound ultrasound intensity is attributed to the explosion of
intensity and extraction temperature at a set time of bubbles which genate extremely high local
20 min (O levels). It is apparent that the TPC and temperatures and pressures during extraction. Suslick
antioxidant capacity decreased as the intensity and Price (1999) reported that the generation of high
increased at lower temperature (40°C). This findings temperatures (5,000 K) and pressurei(30000 atm)
was supporte by Figures 2a& 2c (i), whereby TPC was due to the bubble collapse. Da Pettal.(2009)

and antioxidant capacity decreased with increasing found that veryclose quantified volatile compounds
ultrasound intensity. Even though there is an could be obtained by hyddistillation and powerful
interruption of the cell walls and bubble collapse by ultrasound.

the intensity of ultrasound (Chemet al., 2017), it

FRAP 600

-
A —— - A

ooooooo

rrrrrr

4000

"
X oS T—— i o s sty
40 2000 “ 50 200

eeeeeeeee

Ultrasonic Intensity 3536.78

(iii) (iii) (iii)
Figure 2.3-D plots of(a) TPC (mg GAE/g)(b) DPPH (%), andc) FRAP (umol Fé'/g) as a function
of (i) intensity of ultrasound (W/cfhand time (min) at 45°C; (ii) temperature (°C) and intensity of
ultrasound (W/crf) at 20 min; and (iii) temperature (°C) and time (min}%86.78 W/cm

Figures 2a 2c (i and iii)show that TPC and  target compounds. There was slightly different trend
FRAP of the Bentongginger extracts positively  for DPPH; extending duration from 10 to 20 min
increased with increasing extraction time. The result resulted in an increase in the DPPH values, but
for TPC well agreed with the findings of Sharagei decreased, therftar. Wang (2011) reported that
al. (2019) who reported that an increase in the DPPH had a linear relationship to the TPC of
extraction time led to a gradual increase in TPC. This pomegranate peel extract. Phenolic compounds
could be due to #hlonger exposure of the sample to consist of one or more aromatic rings and hydroxyl
the solvent, thus allowing for greater diffusion of the groups (Sharayest al., 2019). The number of free



