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1. Introduction capacity, reducing agent and free radical scavenger

Antioxidants is any substance that directly Wong et al., 2006, have optimized the extraction
scavenges Reactive Oxygen Species (ROS) ogonditions for the maximum recovery of total phécml
indirectly acts to up-regulate antioxidant defenoes Which is an important aspect in the field of nakura
inhibit ROS production (Khlebnikoet al., 2007). It ~ antioxidant for preservation of food.
protects human being from deadly diseases such as  Piper betelL. is the perennial dioecious vine
cardiovascular disease, cancerous disease (Mahch Which belongs topiperaceaefamily. It is originated
al., 2004), neurodegenerative disease, Parkinsons aftPm Malaysia and cultivated in tropical and
Alzimers disease (Di Matteo and Esposito, 2003).subtropical parts of India. Due to ethno-medicinal
Antioxidant supplements or antioxidant-rich foochca Properties, the plant is widely used in south-desan
help in reducing the oxidative damage from freeCOUntrieS. Piper betel is the most favourite hesbdu
radicals and active oxygen species (Zeaal., 1989). for chewing purpose according to native people.
Synthetic  antioxidants  such as  butylated Traditionally  piper betel has socio-economic
hydroxytoluene (BHT), butylated hydroxyanisole importance and gained valuable attention at cereahon
(BHA) and trolox are widely used as antioxidantshie ~ €vents. InAyurveda (Indian medicinal system) betel
pharmaceutical and food industry. However, theyehav leaf is known by its Vedic name Saptasira and wesed
been showing toxic or mutagenic effects (Hallinel ~adjuvant with different medicines for voice, puiify
al., 1992). Due to the toxicity of synthetic antioxitlan blood, laxative and appetizer. The essential ait@ns
emphasis is given on development and isolation ohigh safrol along with eugenol, allyldiacetoxybemee
natural antioxidants (polyphenols, tannins andand chavibitol acetate as major constituents in Sri
saponins) from plant species (Juntachote and-ankan betel variety leaves (Kumartunga, 2003).
Berghofer’ 2005) Out of these’ pheno”cs are thﬁ)m Antioxidant action of betel leaf is very h|gh, disethe
contributor of antioxidant activity in plant exttacdue ~ Presence of phenolic compound hydroxy-chavicol (4-
to their higher value in total content (Hodzt al.,  allyl pyrocatechol) which have been proved to be

2009), synergistic effectiveness as hydrogen dogati Preservative for vegetable oils up to the concéiotia
of 0.03% without imparting their taste and odour
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(Santhakumarét al.,2003; The Wealth of India, 1989). sodium acetate, hydrochloric acid, ferric chloride,
Use of betel leaf extract as an antioxidant indrutbke  ferrous sulphate was purchased from Central Drug
retarded its oxidation and extends its shelf lifevas  House (Pvt.) Ltd. (New Delhi, India).

found to be a better source of antioxidant as coetpa

to BHT and BHA (Lean and Mohamed, 1999). 2.2 Plant Materials and Extractions
Hydroxy-chavicol shows anti-carcinogenic activity Based on the shape, colour, taste and aroma,
(Bhide et al., 1991). The biological activity of major many verities of betel leaves are found in Indiat 6
bioactive constituents such as allylpyrocatechol,these six, namely Banarasisafeda (PA), Calcuttg,(PB
hydroxychavicol, chavibetol of betel leaf were Cuttack (PC), Desibagla (PD), Maharashtra (PE) and
described (Leét al.,2003; Mulaet al.,2008; Ratheet  Sofia (PF) were collected from different provinaafs

al., 2006; Razak and Rahim, 2003; Sharetaal., India namely Uttar Pradesh, West Bengal, Odisha,
2009). Maharashtra and Bihar.
In the present study six variety of betel leaves The leaves were stored at 2@0for 12 hours,

were collected from different regions of India and lyophilized in freeze dryer (Labconco, Kansas City,
extracted with five different solvents. Selectioh o USA) and stored in dark af@ before extraction. One
solvents for extraction was made on the basis ofigo gram freeze dried powder of each betel leaf variety
extraction efficacy for plant phenolics (Naczk anddissolved in 25 mL of solvent (80% methanol, 80%
Shabhidi, 2004). Extraction efficacies of phenola®  ethanol, 80% acetone, 80% ethyl acetate and distill
mainly affected by time, temperature, solubility, water) and extractions were carried out in shaking
sample to solvent ratio, physical state of the darapd  incubator (Lab Tech, LSI-2005RL, Hyderabad, India)
polarity of solvents (Naczk and Shahidi, 2006).for 2 hours. The extracts were filtered through linus
Extraction of betel leaf was done by keeping a# th cloth and centrifuged at 4000 rpm for 15 min. The
above parameters constant and changing polarity ofupernatant was filtered through 0.45um Nylon-66
solvents. To our knowledge enormous study has beemembrane syringe filters (mdi Membrane Technologies
carried out on the antioxidant activity of diffetdsetel  LLC, California, USA) and stored at’@ for further
leaves variety (Ratheet al., 2006; Dasgupta and De, analysis.

2004; Tamulyet al., 2013). However, there is no

literature available on the photochemiluminescence 3 Deter mination of Total Phenolic Contents
study of betel leaf. The present research is fatwse Total phenol content (TPC) of different variety
two  objectives (1) To investigate the of betel leaves was determined according to thenfol
photochemiluminescence activity of betel leaf eottra Ciocalteu method with slight modification (Singleto
of each variety and its comparison with othergnd Rossi, 1965). 200 pL sample of leaf extract was
antioxidant evaluation methodology namely (DPPH).transferred into a test tube containing, 1 mL e&hly
(ABTS) and (FRAP). (2) To determine the effect of diluted (10 fold) Folin-Ciolateu reagent. The mieu
solvents in extraction of polyphenols and antiorisa \as allowed to stand at room temperature. Afteriig m
as well as study the correlation between different3 mL of 7.5% (w/v) sodium carbonate was added ¢o th

antioxidant activity assays with total phenol carnte mixture and shaken manually. Then the mixture was
incubated at room temperature for 60 min. The
2. Materialsand M ethod absorbance was recorded at 765 nm using UV — eisibl
spectrophotometer  (Shimadzu, UV-2600 Kyoto,
2.1 Chemicals Japan). Acidified methanol was used as blank. The

Standard compounds for the determination ofcalibration curve was plotted against gallic aciul a
radical scavenging activity viz., DPPH (2, 2-dipjlen expressed in terms of mg GA equivalents per g dry
1-picrylhydrazyl), ABTS (2, 2-azinobis-(3-ethyl- weight basis (mg GAE/g dw). The linearity of the
benzothiazoline-6-sulphonic acid), gallic acid andrange for TPC was measured as 0.05 — 0.5 mg GA/mL
catechin were purchased from Sigma-Aldrich Fine(R’=0.9929).

Chemicals (St. Lous. MO). TPTZ (2,4,6-tripyridyl-s-

triazine) was procured from Sisco Research2.4 Antioxidant Activity

Laboratories Pvt. Ltd. (Mumbai, India), Folin-

Ciocalteu reagent, methanol, ethanol, ethyl acetate2.4.1 DPPH Radical Scavenging Activity

acetone, acetic acid, hydrochloric acid were olethin The free radical scavenging activity of the leaf
from Merck (Darmstadt, Germany). PHOTOCHEM extract was measured by using DPRHdical with
antioxidant (ACW) kit used was obtained from some modifications (Bermudez-Soto and Tomas-
Analytikiena (Konrad-Zuse-Strasse 1, Germany).Barberan, 2004; Surveswarah al., 2007). According
Potassium per sulphate, acetate buffer, anhydrous
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to Payeet al(2005), 100 pL extracts was reacted with photochemical generation of superoxide radical r@nio
3.9 mL of 0.004% (80% methanol) DPPH solution. TheThis luminol act as photosensitizer as well as exyg
reaction mixture was allowed to incubate in dank@d  radical detection reagent.

min. Then absorbance was measured against methanol

at 515 nm using spectrophotometer (Shimadzu, UVSthv+ O, — [S*0)] —p» ST+0~

2600 Kyoto, Japan). Catechin was also used as a

reference in this assay. A standard curve was rdafai The composite reaction mixtures for the
using catechin standard solution at concentratidn O antioxidant capacities of water soluble (ACW)
mg/mL. The absorbance of the extract was compared tmeasurements were prepared as per the protocal give
that of catechin standard curve and all resultsewerby Analytik Jena: A volume of 490 uL of reagentrida
expressed as mg Catechin equivalent per g dry weigHlO pL conc. HSQ, (95-97%) was added to the vial

basis (mg CE/g dw). containing reagent 4 and vortexed for 20-30 sectmds
get a standard concentration (10 mmol/L) of ascorbi
2.4.2 ABTS Radical Scavenging Assay acid. Reagent 4 working solution (0.1nmol/pL) was

For the ABTS'™ assay the method previously prepared by diluting the stock solution in 1:10Ghwi
described was followed (Rat al.,1999). The working reagent 1. Calibration curve was prepared by taking
stock solution for ABTS was prepared by mixing the 0.5,1,2 and 3 nmol of ascorbic acid corresponding-t
equal quantities of 7.0 mM ABTSsolution and 2.45 30 pL reagents 4 working solution. Appropriately
mMpottasiumpersulphate and allowing them to reactdiluted samples (10 puL) were added with 1490 pL of
for 16 hours in dark. At the time of measurement,reagent 1, 1000 pL of reagent 2 and 25 uL of rea@en
prepared working solution was diluted with 80% It was vortexed for 10-20 seconds and subjected for
ethanol to the absorbance level of &BM02 at 734 analysis. All the readings were taken in triplicat€éhe
nm. A 100 uL of sample leaf was allowed to reachwi analysis parameters for antioxidant capacity ame th
adjusted ABTS" working solution for 6 min. Catechin difference between lag time of blankyland lag time
was used as standard and ABTS radical scavengingf sample (l).
activity of all the extracts were expressed as mg
Catechin equivalent per g dry weight basis (mg CE/g- =Lo— L
dw).

Antioxidant capacities of water solubles are
2.4.3 Ferric Reducing Antioxidant Potential (FRAP) expressed in terms of mmol ascorbic acid equivalent
Assay per gram on dry weight basis (mmol AA/g dw).

Ferric reducing antioxidant potential of extract
was analysed using the method proposed by Fetizi 2.5 Statistical Analyses
al.(2005). FRAP solution was prepared by adding 200 Statistical analyses were conducted using SPSS
mL of 300 mM acetate buffer (which was adjusted to(Statistical Program for Social Sciences, SPSS
pH of 3.6 by the addition of acetic acid) to 20020  Corporation, Chicago, IL) version 16.0 for windows.
mM ferric chloride hexahydrate (dissolved in distli One way ANOVA with Tukey's B test was performed
water) and 20 mL of 10 mM 2,4,6-tri-(2-pyridyl)-s- to analyse the results. All the reported data were
triozine (TPTZ) (dissolved in 40 mMHCI). Ferrous recorded in triplicates and results were expressed
sulphate standard graph was prepared by takingneans + standard deviation and means were accepted
different concentration of ferrous sulphate (0.4+4). as significantly different at 95% confidence intrv
120 puL distilled water/standard/sample was adde#l to (p<0.05).

mL of the FRAP solution and absorbance was taken at

593 nm after 4 min. Ferrous sulphate equivalent3, Results and Discussion
concentration in mM was calculated from the staddar

graph and expressed as mmol ferrous sulphatg 1 Total Phenol Content

equivalent/g on dry weight basis (mmol'#g dw) . Phenolics (secondary metabolites) of plant
] ] origin are the symbol of antioxidant properties ethi
2.4.4 Photochemiluminescence (PCL) Assay protect the human health from several diseases and

In the history of different antioxidant analyses have played the vital role in reducing free radical
methods,Popov and Lewin (1994) described theyoquced by oxidation reactions (Podsedek, 20a7). |
mechanism of photochemiluminescence assay and aftgs peen noted that chavicol, allylprotocatechol,
that Analytik Jena AG (Germany) commercialized this chayipetol and eugenol are the major pungent
mechanism by the name of photochem. In this methodomponent of betel leaf responsible for antioxidant
chemiluminescent detection reagent luminol is Used  activity (The Wealth of India, 1989). This findingse
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in relation with previous one where chavibetol, solvent 80% acetone and 80% ethyl acetate. In anoth
allylprotocatechol were fractionated through columnstudy, concentration dependent scavenging of DPPH
chromatography (Rathest al.,2006). In earlier study, radical was observed by three varieties of betel
lesser value of total phenol content in betel liwak  (Bangla, Sweet and Mysore) (Rathee al., 2006).
found due to the wuse of high polar solvent Highest DPPH scavenging activity was observed by th
(Maisuthisakul, 2008). The effect of solvent pdiaon Bangla (1Go 52.43 pg/mL) variety followed by Sweet
the extraction yield of total phenolics was elutgdbby  and Mysore variety. The DPPH study of three betaf |
some researchers (Zha al., 2006). In the present varieties using seven different solvents showstttere
study we have tried to extract as much polyphenolss no significant difference in the activity usinbe
from the betel leaves by using five different solve solvent methanol and ethanol. The lowesty@lue
systems. The results obtained for TPC have beepbtained for methanol: water (1:1) extract was
depicted in Table 1. According to the polarity of 36.5,45.5 and 50.4 pg/mL respectively for théetle,
extraction solvent, a wide variability was observedP.betleoideand P.wallichiivariety respectively
among the each betel leaf variety. The TPC for sixTamulyet al.,2013).
variety betel leaf extract in five different solvemwere ABTS™ assay is used for both hydrophobic and
found in the range of 0.29 to 2.62 mg GAE/g dw for lipophilic antioxidant system on the other hand BIPP
PA, 0.08 to 2.59 mg GAE/g dw for PB, 0.09 to 2.3¢ m is used in case of lipophilic antioxidant systeninfket
GAE/g dw for PC0.07 to 2.87 mg GAE/g dw for PD, al., 2002). Betel leaf extract values for ABT@ssay
0.16 to 2.07 mg GAE/g dw for PE and 0.04-1.16 mgare shown in Table 3. Most of the values showdsliig
GAE/g dw for PF. The observed descending order ofmore ABTS' scavenging capacity as compared to the
contributed extraction solvent for TPC can be agegh DPPH method when catechin was used as standard in
as 80% methanol > 80% acetone > 80% ethanol >80%oth the cases. Our findings are in agreement thith
ethyl acetate > water. Highest TPC was observed iprevious results reported (Khanamnal., 2012), which
80% methanol extract while lower TPC was observedshows lower antioxidant capacities for most of yeaf
in water extract. It is reported that, water: metila vegetables equivalent to trolox, quercetin and @sco
(1:1) extract ofP.betel, P.betlecidesnd P.wallichii acid after comparison of DPPH assay to the ABTS
was found to be the best solvent with significantly assay.
higher (P<0.01) phenolic content as compared to the Highest ABTS scavenging activity was obtained
other solvent (Rathest al.,2006). for 80% ethyl acetate extract of PA (79 mg CE/g dw)
On the other hand lower yield of TPC in variety and the lowest value was for water extcdd®F
aqueous betel leaf extract was also reported (Aforah (6.45 mg CE/g dw) variety followed by PB (6.53 mg
et al., 2012). Our finding matches with the reported CE/g dw). 80% ethyl acetate was found to be theé bes
results. PD variety from West Bengal showed highesextraction solvent for ABTS study of four (PA, PBC
TPC among the all varieties. Our findings are inand PD) varieties out of six varieties. For PE $25ng
agreement with the previous results where betéétyar CE/g dw) and PF (26.82 mg CE/g dw) variety, 80%
of West Bengal had more phenol content compared tethanol was found to be the best extraction solwétht

the Sweet and Mysore variety (Ratleteal.,2006). significant difference.
The highest and lowest FRAP value was
3.2 Antioxidant Activity reported for 80% ethyl acetate extract of PA (1.35

The highest level of DPPH scavenging activity mmol F€%g dw) variety and water extract of PF (0.04
(Table 2) was observed for 80% ethanol extractfof P mmol Fé%g dw) variety (Table 4). 80% ethyl acetate
(133 mg CE/g dw) variety followed by PE (127.5 mg was found to be the best extraction solvent for PRA
CE/g dw), while the lowest activity was observed fo study of PA, PB, PC and PD variety. 80% Methanol
water extract of PA (2.48 mg CE/g dw) variety. Galer was found to be most effective for PE (0.80 mmol
80% ethanol was found to be the more suitable sblve FE/g dw) variety and 80% acetone was the best for
over 80% methanol. The trend of antioxidant cagacit FRAP study of PF (0.41 mmol Fg dw) variety. In a
of betel leaf extracts provided by DPPH assay aftesimilar study, methanol: water (1:1) reported totibe
extraction with 80% ethanol was like best solvent for ABTS and FRAP study of different
PF>PE>PD>PC>PB>PA. However these resultsbetel leaf variety (Tamulgt al.,2013).
appeared to contradict a previous TPC report where PCL assay was chosen for antioxidant study of
80% methanol exhibited more suitable solvent overbetel leaf extract because the superoxide radidal (
80% ethanol. There was significant difference (P5p. one of the dangerous reactive oxygen species) is
in the DPPH scavenging activity of different solven directly linked with health issues and give antttait
extract for a particular variety except for PA ap@,  activities in nano molar range. This study is thetf
where the result was not significantly differentr fo report on antioxidant activity of betel leaf extray
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Table 1: Total phenol content of six variety bégelf extracted with five differentsolvents

Sample TPC (mg GAE/g dw basis)
80% Methanol 80% Ethanol 80% Acetone  80%kEthyl Water
Acetate
PA 2.62+0.036 2.04+0.87 2.73+0.36 1.94+0.27 0.29+0.02
PB 2.59+0.020 1.85+0.068 1.89+0.25 2.06+0.258 0.08+0.02
PC 2.38+0.02 1.74+0.16 2.37+0.3% 2.13+0.18 0.09+0.02
PD 2.87+0.12 1.8+0.03 1.72+0.18 1.84+0.08 0.07+0.0%
PE 2.07+0.14 0.84+0.06 0.93+0.1% 0.37+0.0% 0.16+0.02
PF 1.16+0.02 1.1+0.03 1.45+0.26 0.52+0.0% 0.04+0.0%

Values are mean * standard deviation of triplicatalyses. Results of each solvent extraction weaé/zed
separately. Different letters in the same row &riicantly different (p<0.05) as measured by TyikeB test.

Table 2: DPPH radical scavenging activityof sixiegr betel leaf extracted with five differentsolien

Sample DPPH (mg CE/g dw basis)
80% Methanol 80% Ethanol 80% Acetone  80%kEthyl Water
Acetate
PA 63.56+0.89 54.35+2.18 21.36+0.08 23.25+0.02 2.48+0.008
PB 58.95+0.18 55.37+1.28 19.04+1.6 22.71+0.09 4.46+1.04
PC 38.90+1.8 74.96+1.8 20.94+1.4%7 23.35+0.07 4.92+0.57
PD 51.78+1.4% 77.71+1.62 16.52+0.4% 22.42+0.18 2.96+0.94
PE 25.40+1.1% 127.5+0.28 9.32+0.86 18.22+1.16 3.56+0.36
PF 35.25+2.20 133.5+1.7¢ 17.47+0.84 21.42+0.64 7.20+0.98

Values are mean + standard deviation of triplieatalyses. Results of each solvent extraction weatyzed
separately. Different letters in the same row &riicantly different (p<0.05) as measured by TyikeB test.

Table 3: Antioxidant capacity of six variety belehf extracted with five differentsolvents measuogd\BTS method

Sample ABTS (mg CE/g dw basis)
80% Methanol 80% Ethanol 80% Acetone  80%kEthyl Water
Acetate
PA 68.25+1.67 32.94+0.88 71.43+1.30 79+1.76 12.41+1.33
PB 46.93+1.49 68.38+1.08 55.95+1.28 78.32+2.1% 6.53+1.36
PC 36.04+1.83 58.03+0.86 58.92+1.28 63.71+1.09 7.44+1.08
PD 70.30+2.60 49.90+2.30 42.83+0.71 78.10+1.68 8.81+0.783
PE 32.50+1.98 35.52+0.88 32.16+1.58 12.40+2.87 15.85+0.64
PF 26.2+0.63 26.82+2.58 24.11+0.85 22.63+0.64 6.45+1.06

Values are mean * standard deviation of triplicatalyses. Results of each solvent extraction weaé/zed
separately. Different letters in the same row &eiicantly different (p<0.05) as measured by TyikeB test.

Table 4: Antioxidant capacity of six variety belehf extracted with five differentsolvents measuogd-RAP method

Sample FRAP (mmol Fé&Eq./g dw basis)
80% Methanol 80% Ethanol 80% Acetone  80%kEthyl Water
Acetate
PA 0.65+0.03 0.67+0.08 0.90+0.04 1.35+0.0f 0.09+0.005
PB 0.74+0.05 0.70+0.07 0.68+0.04 0.95+0.05 0.05+0.005
PC 0.64+0.02° 0.56+0.07 0.69+0.04 0.90+0.08 0.04+0.005
PD 0.52+0.0% 0.24+0.08 0.39+0.02 0.21+0.0% 0.07+0.005
PE 0.80+0.03 0.63+0.04 0.56+0.06 1.10+0.11 0.07+0.005
PF 0.21+0.0 0.30+0.03 0.41+0.008 0.38+0.03 0.04+0.008

Values are mean + standard deviation of triplieatalyses. Results of each solvent extraction weatyzed
separately. Different letters in the same row &eiicantly different (p<0.05) as measured by TylkeB test.
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PCL method. Controversial statement was found én th different solvents with moderate to strong (r =0t61
literature regarding this method but possible0.95) positive correlation was observed. Highesd an
explanation for its usefulness, effect of samplatidin lowest correlation were indicated by ethyl acetate
and accuracy was also found (Hic and Balk, 2012).  (p<0.05) and ethanol (p<0.001) with significant
The highest and lowest PCL activity was difference.
observed in 80% ethyl acetate extract of PB (49.30 r values between TPC and FRAP confirmed that
mmol AA/g dw) and water extract of PF (0.39 mmol more polar solvent gives highest correlation asmsho
AA/g dw) variety as shown in Table 5. in Fig 1 (c). This result was supported with the
Like ABTS and FRAP study, 80% ethyl acetate findings, in which highest correlation was found
was found to be the best extraction solvent forbetween TPC and FRAP of polar extracts as compared
photochem study of PA, PB, PC, PD and PF varietyto non-polar extracts and antioxidant assays (Tdmjp
80% methanol exerted more PCL values for PE (31.9&t al.,2006). Between TPC and FRAP correlation was
mmol AA/g dw) variety. After comparison of all the observed in the range of 0.15 to 0.73 with sigaific
methods except DPPH assay, it was confirmed thadlifference p<0.01 in water, methanol, acetone amd n
80% ethyl acetate contributed as a better soharthe  significant difference was found in ethanol andykth
extraction of antioxidant compound. These resutsew acetate. Strong and weak correlation was obsemed f
supported by the previous results where ethyl &eeta water (r=0.73) followed by acetone (r=0.72) andykth
showed the best solvent property for betel leafacetate (r=0.15) respectively.
antioxidant study (Maisuthisakul, 2008). PA and PF TPC and PCL correlation range varied from -
variety showed both highest and lowest antioxidant0.52 to 0.94 as shown in Fig 1 (d). Strong positiv
activity in both 80% ethyl acetate and water extrac correlation was found for ethyl acetate (r=0.94}hwi
significant difference (p<0.001) followed by water
3.3 Correation between TPC and Antioxidant (0.79). Weak correlation was found for ethyl acetat
Activity 0.52) with no significant difference. After the
Quantitative determination of TPC, DPPH, evaluation of all correlation coefficients betweERC
ABTS, FRAP, PCL results are greatly affected by the@nd .antio>.<idant activities, highest and lowest were
two variables (i) different solvent system and (ii) ©Ptained in 80% ethyl acetate and 80% acetone
varieties of extract. Hence, correlation analysed@Spectively. _ o
between the studied parameters were analyzed within When Pearson’s correlation coefficient (r)
the extracts of each variable. Five different sotve analyses were carried out in combination betwee@ TP
extractions of six variety betel leaf shows strang 2and different antioxidant activities of six betelaf
weak correlation between studied parameters whefXtract, wide variation were observed. This vaorali
analyzed separately. Fig 1 (a) displays the reigtip ~ Was compiled in Table 6. o _
between TPC and DPPH of five different solvents. ABTS and FRAP assay exhibits highest
Correlation coefficient (r) obtained from linear Correlation values with TPC as compared to DPPH and
regression analyses between these two parametegs Wé:’CL. On the other hand inverse cor_relat|on was doun
in a range of - 0.95 to 0.90 indicating that 80%aepl N PF extract of PCL method. PF variety also gaverp
was liable for negative correlation and 80% acetond€rformance in all the methods with no significant
(p<0.05) gives strong positive correlation betw&eC difference except FRAP values which gave highest
and DPPH. The correlation between TPC and ABTS(=0.654, p<0.01) performance.
are shown in Fig 1 (b). Significant difference Ihfiave

Table 5: Antioxidant capacity of six variety belhf extracted with five different solvents measuipg PCL method

Sample PCL(mmol Ascorbic acid Eq./g dw basis)
80% Methanol 80% Ethanol 80% Acetone  80%kEthyl Water
Acetate
PA 9.61+0.06 18.50+0.27 7.14+0.08 35.73+1.1% 2.57+0.17
PB 9.22+0.0% 3.48+0.04 1.19+0.04 49.30+0.44 1.10+0.0%
PC 10.69+1.2% 6.24+0.02 4.29+0.07 35.33+0.78 1.23+0.0%
PD 3.57+0.08 3.95+0.038 5.39+0.05 34.65+0.78 0.40+0.008
PE 31.98+0.1% 4.07+0.08 21.45+0.3% 11.69+0.2% 0.48+0.16
PF 1.54+0.0% 2.69+0.08 1.66+0.05 11.34+0.16 0.39+0.01%

Values are mean + standard deviation of triplicatalyses. Results of each solvent extraction weatyzed
separately. Different letters in the same row &eiicantly different (p<0.05) as measured by TyikeB test.

Journal of Bioresource Engineering and Technologpril-June, 2014 | Vol 2 | Issue 2 | Pages 12-20
© 2014 Jakraya Publications (P) Ltd
17



Jaiswal et al...Antioxidant Properties of Piper Betel Leaf Extracts from Six Different Geographi€dmain of India

Table 6: Pearson’s correlation coefficient (r)a@tbt phenol content with antioxidant activitiesPPH (ii) ABTS (iii) FRAP

(iv) PCL
Sample  DPPH ABTS FRAP PCL
PA 0.637° 0.789* 0.623 0.207
PB 0.721% 0.766** 0.859* 0.32
PC 0.37¢ 0.790% 0.896* 0.39¢
PD 0.608* 0.862%* 0.769* 0.189
PE 0.096 0.672% 0.909* 0.860**
PF 0.3 0.361 0.654* -0.19¢

*significant at p<0.05, **significant at p<0.01

The trend of correlation between TPC andto be the better extraction medium for total phenol
DPPH is in the range from 0.361 to 0.862, in TP@ an content. Variety wise distribution of antioxidant
FRAP is from 0.623 to 0.909, TPC and PCL is from -potential shows that FRAP and ABTS assay of
0.199 to 0.860. Overall highest r values was fouimd Banarasi safeda and PCL assay for Calcutta variety
TPC and FRAP of PE variety (r=0.909) with signifita showed highest antioxidant activity. Desibagla (PD)
difference of p<0.01 followed by PC (r=0.896). r variety had maximum total phenol content. From this
values of PB variety in all methods shows overallresult it can be concluded that varying polaritas
consistent correlation performance with TPC. PCLextraction solvent proved to be an effective taol i
method shows all the r values lower than other pugh extraction of bio-actives compounds. Addition oR20

except PE variety (r=0.860, p<0.01). water in methanol, ethanol, acetone, ethyl acetate
improve the performance of extracting solvent and
4. Conclusion extract more antioxidant compound from the betel

The total phenol content and antioxidant leaves which could be the promising source of @étur
potential of betel leaves collected from the diffetr antioxidant for food and pharmaceutical industries.
province of India are highly influenced by the
extraction solvent. In relation to effect of diffet Acknowledgement
extraction solvent on antioxidant assay, 80% ethyl Financial support from Ministry of Food
acetate exhibited highest extraction efficacy ekcepProcessing Industries (MOFPI), Govt. of India is
DPPH assay where 80% methanol showed morgreatly acknowledged.
extraction capacity. While 80% methanol was proved
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Fig 1: Effect of different solvent extractions dretcorrelation between (a) Total phenol contentQ)TBnd DPPH, (b) Total
phenol content and ABTS, (c) Total phenol contertt BRAP, (d) Total phenol content and phtocemlusdience (PCL)

Journal of Bioresource Engineering and Technologpril-June, 2014 | Vol 2 | Issue 2 | Pages 12-20
© 2014 Jakraya Publications (P) Ltd
18



Jaiswal et al...Antioxidant Properties of Piper Betel Leaf Extracts from Six Different Geographi€dmain of India

References

Abrahim NN, Kanthimathi MS and Aziz AA (2012). Pipe phenolic phytochemicalsJournal of Agricultural
betle shows antioxidant activities, inhibits MCF-7 and Food Chemistryg0: 3713-3717.
cell proliferation and increases activities of tada  Kumaratunga KGA (2003). Gas chromatographical and
and superoxide dismutas®MC Complementary antimicrobial studies on Alpiniacalcarata and Piper
and Alternative Medicin€gl,2: 220. betle from Sri LankaM. Phil Thesis, University of

Bermudez-Soto MJ and Tomas-Barberan FA (2004). Kelaniya, Sri Lanka. 57-91.
Evaluation of commercial red fruit juice Lean PL and Mohamed S (1999). Antioxidative and

concentrates as ingredients for antioxidant fumetio antimycotic effects of turmeric, lemon-grass, betel

juices. European Food Research Technolo@y9: leaves, clove, black pepper leaves and

133-141. Garciniaatriviridis on butter cakesJournal of
Bhide SV, Zariwala MBA, Amonlar AJ and Azuine MA Science of Food and Agriculturé9: 1817-1822.

(1991). Chemo-preventive efficacy of betel leaf Lei D et al. (2003). Antioxidative and antiplatelet effects
extract against benzoapyrene induced stomach of aqueous in florescenc®iper betle extract.

tumours in mice.Journal of Ethnopharmacology, Journal of Agricultural and Food Chemistrjl:
34:207-213. 2083-2088.

Dasgupta N and De B (2004). Antioxidant activitkiper ~ Maisuthisakul P (2008). Phenolic Antioxidants fr@atel
betle leaf extract in vitroFood Chemistry88: 219- Leaf (Piper betel Linn.) Extract Obtained with
224, Different Solvents and Extraction Tim&chool of

Di Matteo V and Esposito E (2003). Biochemical and Science, University of the Thai Chamber of
therapeutic effects of antioxidants in the treathwn Commerce JournaR8: 52-64.

Alzheimer_s disease, Parkinson_s disease an#lanach C, Scalbert A, Morand C, Remesy C and Jimene
amyotrophic lateral sclerosi€urrent Drug Target L (2004). Polyphenols: Food sources and
CNS Neurological Disorderg; 95-107. bioavailability. American Journal of Clinical

Firuzi O, Lacanna A, Petrucci R, Marrosu G and Yaso Nutrition, 79: 727-747.

(2005). Evaluation of the antioxidant activity of Mula S, Banerjee D, Patro BS, Bhattacharya S, BArik
flavonoids by “ferric reducing antioxidant power” Bandopadahyay SK and Chattopadhyay S (2008).
assay and cyclic voltammetry. Inhibitory property of thePiper betel phenolics
BiochimicaetBiophysicaActd,721: 174-184. against photosensitization-induced biological

Halliwell B, Gutteridge JMC and Cross CE (1992)edr damagesBio-organic and Medicinal Chemistri6:

radicals, antioxidants and human diseases: where ar 2932-2938.

we now?The Journal of Laboratory and Clinical Naczk M and Shahidi F (2004). Extraction and anslg$

Medicine,119: 598-620. phenolics in food.Journal of Chromatography A,
Hic P and Balk J (2012). Effect of sample dluton on 1054: 95-111.

estimated values of antioxidant capacity by Naczk M and Shahidi F (2006). Phenolics in cerdalds

photochemluminiscence methodActaUniversities and vegetables: occurrence, extraction and analysis

Agriculture Mendelianaebrunensis. LX. Journal of Pharmaceutical and Biomedical Analysis,
Hodzic Z, Pasalic H, Memisevic A, Srabovic M and 41: 1523-1542.

Poljakovic M (2009). The influence of total phenols Payet B, Sing ASC and Smadia J (2005). Assessnient o

content on antioxidant capacity in the whole grain antioxidant activity of cane brown sugars by ABTS
extracts.European Journal of Scientific Research, and DPPH radical scavenging assays: Determination
28: 471-477. of their polyphenolic and volatile constituents.
Juntachote T and Berghofer E (2005). Antioxidative Journal of Agricultural and Food Chemistrj3:
properties and stability of ethanolic extracts afiyd 10074-10079.
basil and GalangaFood Chemistry92: 193-202. Podsedek A (2007). Natural antioxidants and ardiaxi
Khanam UKS, Oba S, Yanase E and Murakami Y (2012). capacity of Brassica vegetables: A revieMWVT-
Phenolic acids, flavonoids and total antioxidant Food Science and Technolog{: 1-11.
capacity of selected leafy vegetablemurnal of  Popov IN and Lewin G (1994). Photochemiluminescent
Functional Foods4: 979-987. detection of antiradical activity; 2. Testing non-
Khlebnikov Al, Schepetkin 1A, Domina NG, Kirpotina enzymatic water soluble antioxidantsree Radical
LN and Quinn MT (2007). Improved quantitative Biology and Medicinel 7: 267-271.
structure—activity relationship models to predict Rathee JS, Patro BS, Mula S, Gamre S and Chattgapdh
antioxidant activity of flavonoids in chemical, S (2006). Antioxidant activity of Piper betel leaf
enzymatic, and cellular systemBio-organic and extract and its constituent3ournal of Agricultural
Medicinal Chemistry Letterd5: 1749-1770. and Food Chemistrh4: 9046-9054.
Kim DO, Lee KW, Lee HJ and Lee CY (2002). Vitamin C Razak FA and Rahim ZH (2003). The anti-adherence
equivalent antioxidant capacity (VCEAC) of effect of Piper betl@nd Psidiumguajavaxtracts on

the adhesion of early settlersin dental plaque to

Journal of Bioresource Engineering and Technologpril-June, 2014 | Vol 2 | Issue 2 | Pages 12-20
© 2014 Jakraya Publications (P) Ltd
19



Jaiswal et al...Antioxidant Properties of Piper Betel Leaf Extracts from Six Different Geographi€dmain of India

saliva-coated glass surfaceslournal of Oral activity and phenolic content of three Piper specie
Science45: 201-206. from North East IndiaJournal of Food Science and
Re R, Pellegrini N, Proteggente A, Pannala A, Yahg TechnologyPOI 10.1007/s 13197-013-1021-z.
and Rice-Evans C (1999). Antioxidant activity Thaipong K, Boonprakob U, Crosby K, Cisneros-Zensll
applying an improved ABTS radical cation L and Byrne DH (2006). Comparison of ABTS,
decolourization assayfFree Radical Biology and DPPH, FRAP and ORAC assays for estimating
Medicine,26(9-10): 1231-1237. antioxidant activity from guava fruit extracts.
Santhakumari P, Prakasam A and Pugalendi KV (2003). Journal of Food Composition and Analys&S; 669-
Modulation of oxidative stress parameters by 675.
treatment with Piper betle leaf in streptozotocin The Wealth of India (1989). The dictionary of Inalieaw
induced diabetic rats. Indian Journal of materials and industrial productsCouncil of
Pharmcology35: 373-378. Scientific and Industrial Research, Indii,83-95.
Sharma Set al. (2009). Evaluation of the antimicrobial, Wong SP, Leong LP and Koh JHW (2006). Antioxidant
antioxidant and anti-inflammatory activities of activities of aqueous extracts of selected plants.
hydroxychavicol for its potential use as an orakca Food Chemistry99: 775-783.
agent.Antimicrobial Agents and Chemotheraa: Zhao B, Li X, He R, Cheng S and Xin W (1989).
216-222. Scavenging effect of extracts of green tea and
Singleton VL and Rossi JA (1965). Colorimetry ofato natural antioxidants on active oxygen radicésl|

phenolics with phosphomolybdic-phosphotungstic Biophysics14:175-185.
acid reagentsAmerican Journal of Enology and Zhao H, Dong J, Lu J, Chen J, Li Y, Shan L, LinFgn

Viticulture, 16: 144-153. W and Gu G (2006). Effect of extraction solvent
Surveswaran S, Cai Yi-Z, Corke H and Sun M (2007). mixtures on antioxidant activity evaluation andithe
Systematic  evaluation of natural phenolic extraction capacity and selectivity for free phénol
antioxidants from 133 Indian medicinal plarfs.od compounds in Barley (Hordeumvulgare Llpurnal
Chemistry 102(3): 938-953. of Agricultural and Food Chemistrip4: 7277-7286.

Tamuly C, Hazarika M, Bora J, Bordoloi M, Boruah MP
and Gajurel PR (2013). In vitro study on antioxidan

Journal of Bioresource Engineering and Technologpril-June, 2014 | Vol 2 | Issue 2 | Pages 12-20
© 2014 Jakraya Publications (P) Ltd
20



