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Abstract

Natural antioxidants are excellent substitute Fairt synthetic counterparts in dietary supplemehiss study employed three-
level Box-Behnken design through RSM to optimize tecovery of natural antioxidants fra®iper Betle viaultrasound-assisted
extraction (UAE). The influence of three extractiparameters, temperature (50-%0), ethanol concentration (70-90%) and
solute to solvent ratio (1:10 — 1:30 g/mL) on thl&action yield (EY), total phenolic content (TP&)d antioxidant capacity was
investigated. The optimum conditions were deterohine be 51.60°C with 78.74% ethanol and ratio of 1:21.85 g/mL.
Experimental validation showed maximum EY of 13.884h TPC of 311.21 mgGAE/gDW and 97.57% antioxideapacity
that were all within 95% confidence level of predit values. Additionally, UAE gave significantlytter yield (13.71%), TPC
(289.05 mgGAE/gDW), total flavonoid content (21.8@RE/gDW) and antioxidant activity (94.99%) thancewation which
gave yield (10.96%), TPC (246.98 mgGAE/gDW), toflvonoid content (13.48 mgRE/gDW) and antioxidautivity
(78.12%). General phytochemical screening expobedptesence of additional saponins and tannindénUAE extracts.
Chemical composition of the optimized extradga GC/MS indicated the presence of four major phenadmpounds,
hydroxychavicol, eugenol, isoeugenol and 4-all@-diacetoxybenzene with peak areas of 66.55, 112920 and 3.21%

respectively.

List of compounds

Hydroxychavicol (PubChem CID: 70775)

Eugenol (PubChem CID: 3314)

Isoeugenol (PubChem CID: 853433)

4-Allyl-1,2-diacetoxybenzene (PubChem CID: 166872)
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1. Introduction

Piper betle belonging to thé&iperaceagfamily, are the leaves of a woody plant that islely distributed mainly across Asian
regions. In traditional Asian medicin®iper betleis known as one of the most common medicinal plartized as
contemporary and alternative medicine among capagents (Farooqui et al., 2016). The herb’s effecantioxidant potential
has been demonstratet multiple radical scavenging activities (Sazwi, iNa] & Rahim, 2013). Furthermore, the extract of
Piper betlehas been proven to reduce and inhibit lipid peratxah together with enhancing the levels of nataraioxidants
such as Vitamin C and E (Saravanan, Prakasam, Ra&eBugalendi, 2004). The reason behind the aittadive nature of
Piper betle’sextract is due to the existence of natural andiamts like hydroxychavicol and eugenol (Chakrab&tghah, 2011;
Pin et al., 2010). Due to its efficacy, researchese proposed the possible utilizationRiper betleas a source of natural

antioxidants in food and pharmaceutical productsi{di & Tripathi, 2014; Venkadeswara et al., 2014)

Conventional extraction methods such as distilfetiad solvent extraction (maceration, soxhlet, @aton, infusion extraction)
and non-conventional ones including supercritit@tfextraction, accelerated solvent are typicatplemented in the recovery
of natural antioxidants (Azwanida, 2015). As effeetas they may be, high solvent and energy consamp@nd prolonged
extraction period makes them undesirable from tomemics’ perspective (Gonzalez-Centeno, ComasaSeemenia, Rossello,
& Simal, 2015). The use of ultrasound in the recpwa desired compounds has been proven to befantigk and efficient
extraction technique in terms of garnering morédyveith reduced solvent usage and extraction tiikkitu, Mawson, Simons,
& Bates, 2008). Ultrasound-assisted extraction (YAdties on the phenomenon of acoustic cavitatimhraechanical effects for
the extraction of compounds from plants sourcedla@ge of the cavitational bubbles on the plantrixiat surface causes the
cell walls to rupture, resulting in higher and &xgtenetration of the solvent into the plant matefihus, due to enhanced overall

mass transfer, the extraction of the desired comg®are accelerated (TomSik et al., 2016; Vilkhal 2008).

The use of ultrasound for extraction application$oiod and pharmaceutical industries is promiskigwever, the utilization of
ultrasound for the recovery of natural antioxidaintsn the medicinal herlRiper betle is yet to be fully explored. Thus, the
primary aim of this paper is to optimize the ultasd-assisted extraction of natural antioxidantsnfPiper betle This was
achieved by investigating the impact of three etiom parameters (temperature, solute to solvetib rand solvent
concentration) for optimum extraction yield, TPGlah2-diphenyl-1-picrylhydrazy (DPPH) antioxidamtpacity. The statistical
approach of response surface methodology was eetpifay the optimization of extraction parametersisipaper also aims to
draw comparison between the phenolic content atidxéehants activities oPiper betleusing UAE and conventional maceration
method. Consequently, this paper also aims to ifyeand quantify the predominant phenolic compoumssent in the
optimized Piper betle’sextract that contributes to the high antioxidactivity of Piper betlevia Gas chromatography—mass

spectrometry (GC/MS).
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2. Materials and methods

2.1. Plant materials

A total of 10 kg of fresh leaves #fiper betlewere purchased in a single batch from a local shaphow Kit market, Kuala
Lumpur, Malaysia. The washed and cleaned leaves prertreated (dried) in an air forced convectivero(FAC-350, Protech,
USA) at 50°C for a day. The dried leaf samples were then edishto powdered form and conceded through 800 |ashm

sieve before being used for actual extraction.

2.2. Chemicals and reagents

The two reagents Fast blue BB (FBBB) and DPPH {iphenyl-2-picrylhydrazyl) of analytical grade weperchased from
Sigma-aldrich (Sigma-aldrich GmbH, Steinheim, Gem)a The solvents used in this research include @5&&nol, 99.9%
methanol and chloroform (HPLC grade). The remairchgmicals used include Gallic acid standard ardiuso hydroxide
pellets. All of the chemicals mentioned with theeption of the reagents were purchased from Siddrécla (Sigma, St. Louis,

MO, USA).

2.3. Extraction procedures

2.3.1 Ultrasound-assisted extraction (UAE)

Ultrasound-assisted extraction of phenolic compaunoim Piper betlewas performed using an ultrasonic bath system@m,2
Elmasonic, Germany). 1 g of powdered leaf withdbsigned volume of ethanol concentration were placen ultrasonic bath
that is equipped with digital control system fon®ation time, temperature and frequency. Basetherexperimental design,
UAE was performed at a frequency of 37 kHz with anstant power of 400 W. Extraction temperature &me were
continuously monitored from the control panel oé tequipment. Distilled water was added to maintinonstant desired
temperature with +9C in the ultrasonic bath. Extraction period of 3ihumes was applied based on preliminary trial stsdis
prolong extraction time can lead to structuralratien and disintegration of the bioactive compau(ioorthy et al., 2017). The
impact of extraction temperature (50, 60 and’@J) solvent concentration (70%, 80% and 90% v/ solute to solvent ratio
(1:10, 1:20 and 1:30 g/mL) were investigated. Reihg the extraction, samples were filtered anddlae50°C using a vacuum
rotary evaporator (Hei-VAP Platinum 3, Heidolph,rany) to obtain the crude extract. The crude eigravere stored at %

prior to consequent analysis.

2.3.2 Maceration extraction
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Maceration extraction of the phenolic antioxidantsn Piper betlewas performed in a water bath system (Copens &ateBdn
Bhd, Malaysia). 1 g of powdered and sieved leafpdeswere extracted with 80% ethanol a’60for 30 minutes. The extracts

obtained were dried in the same manner as abovstaret! at £#C before further analysis.
2.4. Total phenolic content (TPC) and extractioglgi

Extraction yield (EY) of the crude extract was abéal using Eq. (1). TPC was quantified as descripedledina (2011) with
slight modifications. 1:20 mg/mL of crude extrantdeionized water was added to 0.1 mL of 0.1% FBB&jent which was
kept aside for a min. This was followed by the &ddiof 0.1 mL of 5% sodium hydroxide solution. Thextures were kept at
room temperature for 90 minutes before transferei@@ pL of the sample mixtures to a 96-well plafehe absorbance of the
samples were read at 420 nm by means of a miceopfactrophotometer (Epoch 2, BioTek, USA) (Med@l1). TPC is
expressed in terms of mg gallic acid equivalenf/greed extract according to the regression equatibgallic acid calibration

curve (2 = 0.9899) that was procured in the same mannabase.
EY = 24 100% (1)

WhereW, and\W; are the weight of the crude extract &iger betlepowder sample in grams respectively.
2.5. Total flavonoid content (TFC) and phytochernscaeening

Total flavonoid content (TFC) assay was conductabaling to Ayooleet al. (2008) with minor modifications. 2 ml of extract
samples with concentration of 1 mg/mL was adde?l na_ of 2% aluminium trichloride ethanolic solutiofhe sample mixtures
were kept at room temperature for an hour beforasmeng their absorbance at 420 mia a microplate spectrophotometer
(Ayoola et al., 2008). TFC is expressed in termmgfrutin equivalent/g of dried extract accordinghe regression equation of
rutin calibration curverf = 0.9839). The general phytochemical screeningliloids, steroids, polysaccharide, condensed

tannins and saponins were performed as elaborgtédlne and Devi (2014) and Evans (2009).
2.6. DPPH antioxidant assay

A modified version of DPPH radical scavenging assag followed as described by Rénhal. (2010). Samples mixtures were
prepared in concentrations of 0.5 mg/mL in 80% mthaAliquots of 160 puL oPiper betlesamples mixture were transferred to
96-well plate which was followed by the addition48f uL of working 1mM DPPH methanolic solution. Tslates were kept in
the dark for 3 min in ambient temperature. The dimuce of the sample solutions were read at 520mth a microplate
spectrophotometer. The radical scavenging actiistgxpressed as % inhibition activity with theldaling Eq. (2) (Pin et al.,

2010):
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DPPH % Inhibition activity = "

x 100 )

WhereA. is the absorbance of blank solution containing DRIPY andAsis the absorbance of the solution containing DPPH

with Piper betleextract.
2.7. Gas chromatography/Mass spectroscopy (GC/MS$3ya

Chemical composition of the optimized extract sasphere performed as elaborated by Foo, Salleh,a8n# (2015) using
GC/MS (7890A, Agilent Technologies, Malaysia) wilight modifications. Initial temperature of theesvwas programmed at
70°C that was raised to 30& at a rate of 26C/min. Helium (carrier gas) was injected at a @ftd.2 mL/min. 1 mL of 0.1
mg/mL samples were injected into the capillary omhuin split mode for run time of approximately 1nntFoo, Salleh, &
Mamat, 2015). Identification of the individual cooynds was done by library match with NIST Mass 8pétibrary (version

2).
2.8. Response surface methodology (RSM)

In present study, a three-factor, three-level Bekiken design (BBD) was employed to obtain thenmyth UAE conditions for
the extraction of antioxidants froRiper betle BBD was selected for current research as it iiqudarly effective when three
variables are concerned in the experimental domatin reduced number of experiments allowing for arenefficient and
economic approach (Granato & Ares, 2013). The etitna variables with their respective levels andembfactors are displayed
in Table 1. The complete design matrix of BBD wathotal of 17 experiments is presented in TablExherimental data of
predicted and actual responses were collecteckifiorim of extraction yield, TPC and DPPH antioxidactivity (Table 2). The

experimental data for the three responses weeslfitito second-order polynomial model as in thio¥ahg equation:
Y =By + Xk Bixi + X Bu x? + 25 X0, Bixix; (3

WhereY is the response;, andx; are the independent variablésuidj range from 1 t&), 5, is a constan; f§;;, andp;; are
the regression coefficients of linear, quadratid emeractive terms respectivelyjs the number of number of parameters (3 for

current study) (Moorthy et al., 2017).
2.9. Statistical analysis

All of the analysis above were carried out in fdptes and values expressed as mean. Regressilysigamd the experimental
data was performed using Design expert softwardOv.(Stat-Ease, Minneapolis, Minnesota, USA). Analysf variance
(ANOVA), different statistical parameters includingefficient of determinationf), adjusted coefficient of determinatioRZ()

and predicted coefficient of determinaticR?p() were all employed to check the adequacy of theldped models. Coefficient of



161 variation CV) and adequate precision were also examined theugvaluate the precision of the developed mo&amificance
162 of each term was considered whet9.05. In addition to the quadratic models, respansface plots were generated to establish

163 the relationship between the independent variaesthe responses.
164 2.10. Optimization and validation of RSM extractioadels

165 Numerical optimization technique was performed &edmine the optimum conditions for maximum EY, TBad DPPH
166 antioxidant activity. The prime conditions wererntiied with the desirability value of 1 for eadlspective response. Validation
167 of the developed models were done by performingi¢ete experiments under the optimized parametérslly, the average
168 experimental results and 95% prediction intervaigea of predicted values were compared. This isnéisédo evaluate the

169 accuracy and precision of the optimized conditions.

170 3. Results and discussion

171 3.1. Determination of extraction parameters for R@Mimization

172 When solvent extractions are concerned, the setectf appropriate solvent is as pivotal as any rotha@raction parameter.
173 Organic solvents are among the best when it com#isetrecovery of phenolic compounds fr&iper betle namely ethanol and
174 methanol (Nouri, Nafchi, & Karim, 2014). Prelimiyastudies done with a variety of solvents validates effectiveness of
175 ethanol in extracting the phenolics frétiper Betle Moreover, ethanol is commended for practical essit is a safe, low toxic
176 and eco-friendly solvent that is reusable and geesrless wastes (Dias et al., 2017; Zhao et @1.4)2 Hence, ethanol was
177 deemed a better option since this research invéheepotential use of phenolic compounds in phagutical and food industrial

178 applications.

179 Three independent variables and their respectiweddavere selected for RSM optimization in currstoidy: temperature (50, 60
180 and 70°C), ethanol concentration (70, 80, 90%) and sdiatsolvent ratio (1:10, 1:20, 1:30 g/mL). The paetens and their
181 respective ranges investigated were based on ctionahextraction technique of maceration and seixfiKeshani, Abdullah,
182 Mobarekeh, Rahman, & Bakar, 2010; Muruganandanshifid, Reddy, & Nirmala, 2017; Nouri and MohammadfdKi, 2014;

183 Pin et al., 2009).

184 3.2. Comparison of ultrasound-assisted extractiith eonventional extraction method

185 Maceration is a common extraction technique thateen employed numerous times by other researfdretse extraction of
186 bioactive compounds frorRiper betle(Nouri & Mohammadi Nafchi, 2014; Pin et al., 20IRathee, Patro, Mula, Gamre, &
187 Chattopadhyay, 2006). However, newer techniquel asailtrasound extraction are yet to be implentefde this particularly

188 potent medicinal herb. This paper aims to draw amBspn between the two extraction technique’s &ffeness for the recovery
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of antioxidant agents fromiper betle Multiple analysis were executed including EY, THEC and DPPH antioxidant activity
with additional phytochemical screening of alkakidteroids, polysaccharides, tannins and sap¢hatde 3 and 4). The results
disclosed a maximum EY of 13.71% was recovered fRiper betlewith the aid of ultrasound, while, maceration tesiia
lower yield of approximately 10.96%. Likewise, thesults also revealed UAE to have significantlyhleig TPC (289.05
mgGAE/gDW), TFC (21.5 mgRE/gDW) and superior antlaxt activity with 94.99% inhibition in compariséa maceration
that gave noticeably lower TPC (246.98 mgGAE/gDWJC (13.58 mgRE/gDW) and 78.12% antioxidant adtivithe
noteworthy improvement could be attributed to theustic cavitation of ultrasound and its mechanéfédcts that resulted in
better recovery. The outward shockwave producenh fite implosion of the cavitation bubbles generataesro-turbulence and
high-velocity inter particle collision. This in turfacilitates diffusion and overall mass transfértloe system. Cavitation
occurring near the surface of the plant’s cell itssim surface peeling, cell breakdown and eroshat further accentuates the
recovery process (Pico, 2013; Vilkhu et al., 200B)e accumulating effect of multiple mechanismsiag from acoustic

cavitation ultimately leads to enhanced recoverthefdesired compounds.

The effectiveness of ultrasound was also noticeiabilee general phytochemical screening where efgit phytoconstituents of
tannins and saponins were detected in the UAE @xtamly. On the otherhand, similar amounts ofostisrwere detected in both
UAE and maceration extracts. Bioactive compoundh s tannins, steroids and flavonoids have alh béentified as major
sources of antioxidants (Vaithiyanathan & Mirunal2015). Particularly, flavonoids and its derivas have been established as
excellent free radical scavengers. Research hagnskaponins and tannins to be potent anti-inflarongahgent with the latter
known to be highly effective in the prevention @fncer (Wintola & Afolayan, 2011). Saponin was disond to be part of
plant’s defence mechanism due to its anti-micropiaperties (Alabri, Musalami, Hossain, Weli, & Riyami, 2014). All of the
additional bioactive compounds detected in the WkEacts have contributed to its remarkable antiamt activities. Therefore,

it can be said with certainty that UAE is comparelly a superior extraction method for the recowarpatural antioxidants from

Piper betle

3.3. Influence of extraction parameters on ext@ttield

It is crucial to analyze the influence of extrantiparameters in order to effectively isolate arlizetthe compounds of interest.
Therefore, a three-level, three-factor BBD was ayedl to investigate the effect of various indepena@xtraction variables on
the optimal recovery of phenolic compounds frBiper betle Regression analysis of all three responses asepted in Table
5. The evaluation of the linear terms revealedtedio solvent ratio to have significant positivuence on EY. On the contrary,
both extraction temperature and ethanol conceatrdtad significant negative effects on the respomseraction between solute

to solvent ratio and ethanol concentration displegslight positive effect, however, the quadraffect of solute to solvent ratio
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was significantly negative. The remainder of thenewere not significant, therefore, were excluftech the final model in Eq.

(4).

Y, = 11.91 — 1.74X; + 0.94X, — 0.41X; + 0.60X,; — 1.41X2 (4)

Figure 1 shows the response plots of extractiold yenerated by varying two variables at a timasT$icrucial to illustrate the
effects of the independent variables on extracgfietd. The plots are in good agreement with regoasanalysis as the positive
linear influence of solute to solvent ratio is clganoticed with maximum EY recovered at 1:20 g/nilhe presence of more
ethanol in the extraction solution creates a la®ercentration gradient. This acts as a drivingdofor higher diffusion of
solvent into the plant cells, thereby, improving thverall mass transfer of the system (Charpe &®&ht2014). Moreover,
increased amount of ethanol enhances the conteatbmtween the solvent and the solute, thus, wipydhe solubility of the
phenolic compounds from within the plant cells (Mbg et al., 2017; Xu et al., 2017). Taking the dnadic terms into account,
the negative influence of solute to solvent ratia also be accounted for in the response plotsevosaddle curve is observed.
UAE is highly dependent on the effects of acoustgitation for the formation and rupture of bubblesfacilitate the mass
transfer of the process. Further increase in ttie nmay hamper with the dispersion of the ultragbenergy density throughout
the solution, hence, negatively effecting EY (Mbgret al., 2017). Based on ANOVA (Table 5), theeleped model was
found to be significant at a-value of 62.79. High value of correlation coefficied®E 0.9878) confirms the validity of the
deduced model and its ability to describe the ie@tabetween the variable and the response. The\afladjusted correlation
coefficient &, = 0.9721) being very close ® confirms high significance of the deduced modelgtHpredicted correlation
coefficient R2p= 0.8068) further implies the model’'s adequacyrediet the relation (Maran, Sivakumar, Sridhar,r8nhanuel,
2013). Coefficient of variation of 2.5%C{/<10%), not only indicates low deviation between #xperimental and predicted
values, but also a high degree of precision andhiéty (He et al., 2016). Adequate precision 836 indicates good signal and

competent model fithess (Maran, Manikandan, Thiamgsambandham, Nivethaa, & Dinesh, 2013).
3.4. Influence of extraction parameters on totatpdlic content (TPC)

Judging of the regression analysis of the lineensefrom Table 5 shows the impact of both tempeeatind solute to solvent
ratio on TPC were of high significance. Furthermailethree extraction parameters have shown aretmaegative influence on
the quadratic terms. For the response of TPC,dotiem between temperature and solute to solveitt saowed moderately
significant negative effect. All of the other ternmluding remaining two interactions were insigraht. Thus, they were

excluded from the final developed model as express&q. (5).

Y, = 301.66 — 38.75X, + 14.47X, — 16.47X,, — 28.70X% — 62.81X2 — 60.03X2 (5)
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All of the experimental results and response ploesented in Table 5 and Figure 2 indicate rattbtemperature had a positive
and negative influence respectively. The initiatremse in TPC may be a result of enhanced soluhilie to decreased
intermolecular interactions within the solvent cedidy high temperatures (Jianming, Yuan, Ping, Féndiiying, 2013).
Moreover, reduced solvent viscosity caused by tieental effect lead to improved solubility of thévemt into the plant matrix
(Moorthy et al., 2017; Xu et al., 2017). At the satime, thermal degradation of the phenolic compswvas the most likely
reason behind the decrease of TPC at high tempesaheyond 52C (Dranca & Oroian, 2016; Tom3ik et al., 2016). The
thermo-sensitive nature of the phenolic®iper betlehas been previously noted. Eugenol, a common picendPiper betle’s
extract, was found to decrease when applied eidratgemperature was higher than%D(Pin et al., 2009). Results disclosed by

the authors are in agreement with current studysténa a similar decrease in TPC with increasingpemature.

Based on the statistical analysis, the developedefnwas found to be significant at &value of 61.85. High values oR?
(0.9795) and??, (0.9636) indicates high degree of correlation. Phedicted correlation coefﬁcieanp = 0.8401) was also
determined to be of high significance. In additivalues of coefficient of variatiorC{/ = 4.85) and adequate precision (adeq.
precision = 18.262) further indicates the abilifytee deduced model to define the relation betwlerextraction variables and

the response of TPC.
3.5. Influence of extraction parameters on DPPHa@ttlant capacity

The results obtained indicate all three extractimmameters to have significant linear as well aadeatic effect on the
antioxidant activity. Further evaluation also exg®$10 significant effect by any interaction ternmstbe response. The final

developed model excluding the non-significant teamesgiven in Eg. (6).
Y; = 94.71 — 11.88X, + 4.23X, — 2.89X; — 7.92X? — 13.70X% — 14.75X2 (6)

The negative effect of extraction temperature éady visible in Figure 3 as increasing temperatereilts in lower antioxidant
activity. Like the previous two responses of EY 8mRIC, solute to solvent ratio seems to have a napel@ositive effect on the
antioxidant activity. On the contrary, ethanol cemication was found to have a more profound impacthis response only.
This suggests its major role in the extraction mficxidant agents fronPiper betle The solubility and extractability of polar
phenolic compounds are better with polar solvemts(Sik et al., 2016). However, the impact of sotgéeon the recovery of
antioxidants is very much dependent on the comipasif the solvents, provided it is a dual solverikture. According to
Mustafa and Turner (2011), the rule of thumb fa thoice of solvents is the principle diké dissolve like Solvents tend to
solubilize compounds with similar properties mucbreneasily (Mustafa & Turner, 2011). Thereby, ih ¢ assumed that the
polarity of the phenolic antioxidants iRiper betleare closer to that of ethanol. As a result, thaektion of antioxidants

increased with higher ethanol concentrations withrhaximum recovery obtained at 80% ethanol conagon.

10
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Considering the statistical analysis, the developesiel was found to be valid for dvalue of 70.18. High correlation
coefficients ofR? (0.9890),R?, (0.9749) and?z,D (0.8246) indicates the model’s ability to represtgt extraction process. Low
value ofCV (3.05) and high value of adeq. precision (21.5lher confirms the model’s ability for expressithg antioxidant

capacity ofPiper betle’sextract.
3.6. RSM optimization and model validation

Several numerical optimizations were performeddentify the best possible combination that canechithe desired output.
The optimized condition was determined at 78.74h&ml concentration with ratio of 1:21.85 g/mL aeeperature of 51.60
°C. The experimental results produced an extracyieid of 13.88% with a TPC of 311.21 (mgGAE/gDW)daf7.57%

antioxidant activity. The results were well in tfa@ge of 95% prediction intervals that were obtdifrem the developed second-
order models (Table 6). Good correlation betweenptedicted and experimental responses confirmmbaels obtained can

accurately predict the ultrasound-assisted extradf phenolic antioxidants froRiper betle
3.7. Chemical composition and quantitative analg$ithe optimized extract

GC/MS analysis was performed to determine the ct&lnsbmposition and quantity of the phenolic antlaxts in the optimized
extract (Table 7 and Figure 4). The analysis redkdhe presence of hydroxychavicol (peak 2) whidas iound to be the
dominant component with 66.55% peak area. It wHevied by eugenol (peak 1 with 11.92%), 2-methoxgrdpenyl-acetate
(peak 3 with 2.90%) and 4-allyl-1,2-diacetoxybere@peak 4 with 3.21%) with concentrations of 0.080,12, 0.003 and 0.003
mg/mL respectively. Hydroxychavicol has been régbrto be the major phenolic compound present hiargtlic extract of
Piper betlevia HPLC (Pin et al., 2010). Its antioxidant status h#&so been explored by other researchers (Chaalg, @002;
Sharma et al., 2009). At the same time, both edgend isoeugenol were also found to prevent DNAdation and lipid
peroxidation, damaging reactions caused by freeakdthat leads to oxidative stress (Atsumi, Fwjig, & Tonosaki, 2005;
Nam & Kim, 2013). 4-allyl-1,2-diacetoxybenzene, coomly referred as allylpyrocatechol 3,4-diacetaseanother major
phenolic compound present Riper betle(Arambewela, Arawwawala, & Ratnasooriya, 2005; Myanandam et al., 2017).
Although very little literature exists on the andidant potential of this compound, a study reveaddglpyrocatechol 3,4-
diacetate to possess protective and scavengin@niep against free radicals and lipid peroxidaf®hattacharya et al., 2007).
The presence of three major phenolics with higloaitant potential revealed through GC/MS enharbesossibility of using

Piper betle'sextract as natural antioxidant agents in the foodistry.

4. Conclusion
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Present study successfully employed UAE to eximatiiral antioxidants frorRiper betleby investigating the influence of three
extraction parameters: temperature, solvent coratiort and solute to solvent ratiia BBD. In general, all parameters were
found to have significant impact on the responsitls ethanol concentration specifically affecting tantioxidant activity. The
optimized condition was determined at 78.74% ethanncentration with solute to solvent ratio of .85 g/mL at 51.66C.
Under the optimum conditions, maximum vyield of B8 was retrieved with TPC and antioxidant activity 311.21
mgGAE/gDW and 97.57% inhibition respectively. Usthg mathematical approach of RSM, second-ordgmpohials models
were developed for the responses of extractiomyiBPC and DPPH antioxidant capacity. Statisticallsis of high correlation
coefficients confirms the validity of the proposmtdels. Validation of the optimized conditions atsgeals little deviation as

the experimental values obtained were well wittb&e9prediction interval.

Additionally, comparative research confirmed th&aotion of secondary metabolites including tanngaponins and flavonoids
together with phenolic antioxidants using UAE wamngicantly higher than maceration. High phenalantent that corresponds
with equally effective antioxidant potential sofids UAE as an efficient and practical extractiopthod for the recovery of
natural antioxidants frorRiper betle Further analysis of the optimized UAE extracbtigh GC/MS reveals the presence of four
major phenolic compounds: hydroxychavicol, eugeisgleugenol and 4-allyl-1,2-diacetoxybenzene withkparea of 66.55%,

11.92%, 2.90% and 3.21% respectively.
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Figure captions

Fig. 1. 3D Response surface plots demonstratingffieets of different extraction parameters onawstion yield (a)
ethanol concentration and temperature (b) ethamutentration and solute to solvent ratio (c) sotatsolvent ratio

and temperature

Fig. 2. 3D Response surface plots demonstratingetfeets of different extraction parameters on TR ethanol
concentration and temperature (b) ethanol conagmrand solute to solvent ratio (c) solute to salvratio and

temperature

Fig. 3. 3D Response surface plots demonstratingffleets of different extraction parameters on DPBIihhibition
capacity (a) temperature and ethanol concentrgtipethanol concentration and solute to solvernt @) solute to

solvent ratio and temperature

Fig. 4. GCMS chromatogram of the optimiZeigper Betle’sextract (peak 1: eugenol; peak 2: hydroxychavipgegk

3: isoeugenol; peak 4: allylpyrocatechol 3,4-diats}t
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ACCEPTED MANUSCRIPT

Table 1. Experimental domain for Box-Behnken design

Factor levels
Variable
-1 0 1
Temperature (X, °C) 50 60 70
Ratio (X, g/mL) 1:10 1:20 1:30

Concentration (X3, %) 70 80 90




Table 2. Box-Behnken design matrix with experimeatal predicted respondes

EY (%) TPC (mgGAE/gDW) DPPH (% inhibition activity)
Ratio
1 0,
Run Temperature'C) (g/mL) Concentration (%) Actual Predicted Predicted Actual Predicted
Actual response

response response response response response
1 60 30 90 11.43+0.42 11.50 173.85+0.35 190.76 180406 67.43
2 50 10 80 11.42+0.25 11.23 206.41+0.21 217.96 1207 79.38
3 70 30 80 9.43+0.26 9.61 180.95+0.57 169.40 6D 64.07
4 50 30 80 12.73+0.31 12.83 286.61+0.65 279.83 D04 90.57
5 60 20 80 11.92+0.53 11.91 300.75£0.57 301.66 POH2 94.71
6 60 10 90 8.08+0.13 8.43 168.41+0.49 161.81 5868 59.30
7 60 20 80 11.89+0.16 11.91 302.28+0.10 301.66 40102 94.71
8 60 20 80 11.98+0.25 11.91 299.65+0.58 301.66 R0 H8 94.71
9 70 20 70 10.33+0.15 10.50 175.45+0.55 176.72 18903 64.68

10 60 20 80 11.91+0.36 11.91 302.88+0.10 301.66 7240.08 94.71




11 60 30 70 11.47+0.23 11.12 194.41+0.67 195.83 2480.04 73.54
12 60 20 80 11.83+0.22 11.91 302.75+0.55 301.66 7030.03 94.71
13 70 20 90 9.43+0.49 9.18 168.15+0.06 171.64 AP 55.63
14 50 20 70 13.24+0.15 13.49 245.18+0.36 254.22 0283.18 85.18
15 60 10 70 10.51+0.46 10.45 178.61+0.72 166.89 7180.04 64.75
16 50 20 90 13.33+0.32 13.16 262.95+0.35 249.14 2340.06 82.66
17 70 10 80 7.57+0.52 7.47 166.61+0.55 173.39 I AB 58.34

#/alues are expressed as mean + standard deviat8)



Table 3. Extraction yield, total phenolic contentidotal flavonoid content d®iper betle extracts with UAE
and maceratich

Extraction TPC TFC DPPH (% inhibition
Response
yield (mgGAE/gDW) (mgRE/gDW) activity)
UAE 13.71+0.23 289.05+0.57 21.5+0.21 94.99+0.15
Maceration 10.96+0.14 246.98+0.34 13.48+0.26 78018

#alues are expressed as mean * standard deviatB)



Table 4. General phytochemical screening of Piper betle extracts with UAE and mageration®

Phytoconstituents UAE Maceration
Alkaloids - -
Saponins ++ -

Tannins ++ +
Steroids ++ ++

Polysaccharides - -

® (+) Present (++) Present in high amount (-) Absent



Table 5. Estimated regression coefficients and Analysis of variance (ANOV A) for the investigated parameters

Term Estimated regression coefficients
EY p-value TPC p-value DPPH p-value
Intercept 11.91 301.66 94.71
Bo
Xy -1.74 <0.0001 -38.75 <0.0001 -11.88 <0.0001
Xz 0.94 <0.0001 14.47 0.0052 4.23 0.0015
X3 -041 0.004 -2.54 0.5363 -2.89 0.0107
X2 0.14 0.3616 -16.47 0.0162 -1.37 0.2865
Xi3 -0.25 0.1167 -1.63 0.2103
X2 0.60 0.0034 -0.16 0.8940
X4 -0.20 0.1747 -28.70 0.0005 -7.92 0.0002
X5 -1.41 <0.0001 -62.81 <0.0001 -13.70 <0.0001
X5 -0.12 0.4034 -60.03 <0.0001 -14.75 <0.0001
Model F- 62.97 <0.0001 61.85 <0.0001 70.18 <0.0001
value
Mean 11.09 230.35 77.59
CV.% 2.50% 4.85% 3.05%
Adeq. 28.355 18.262 21516
precision
R 0.9878 0.9795 0.9890
Ra 0.9721 0.9636 0.9749

R, 0.8068 0.8401 0.8246




Table 6. Predicted and obtained response valuesanfitience?

Predicted
Response 95% PI low Obtained response 95% PI high
response
EY (%) 13.340 12.603 13.880+0.34 14.078
TPC (mgGAE/gDW) 316.411 287.986 311.210+40.25 348.83
DPPH (% inhibition
99.591 93.281 97.570+0.12 105.901

activity)

#/alues are expressed as mean + standard deviatB)



Table 7. Chemical composition of optimized Piper Betle extract by Gas chromatography/M ass spectroscopy

Peak Chemica Molecular Retention Peak area Concentration
Compounds
No. formula weight time % (mg/mL)
1 Eugenol CioH1204 164 10.51 11.92 0.012
2 Hydroxychavicol CoH100, 150.17 11.19 66.55 0.067
Phenol, 2-methoxy-4-propenyl-,
3 C1oH1405 206.24 11.56 2.90 0.003
acetate

4 4-allyl-1,2-diacetoxybenzene C13H1404 234.25 12.28 3.21 0.003
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Highlights

e Optimization of Ultrasound-assisted extraction of antioxidants from Piper betle
«  Optimized condition at 51.60 °C with 78.74% ethanol concentration and ratio of 1:21.85 g/mL
»  Phytochemical screening revealed additional constituents in ultrasound extracts

»  Hydroxychavicol, eugenol, isoeugenol and 4-allyl-1,2-diacetoxybenzene were identified via GC/MS



