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ABSTRACT

The objectives of this research were to study aittant activities from various extracts of five idg peels using
two methods of antioxidant assays which were DPRPHB-diphenyl-1-picrylhydrazyl) and CUPRAC (Cuprani
Reducing Antioxidant Capacity); and correlation tofal flavonoid, phenolic, and carotenoid contentviarious
extracts of five Citrus peels with JCof DPPH antioxidant activities and Eg£of CUPRAC antioxidant capacities.
Extraction was performed by reflux apparatus udiiferent polarity solvents. The extracts were @rafed using
rotary evaporator. Antioxidant capacities were &sstusing DPPH and CUPRAC assays. Determinatiorotail t
phenolic, and carotenoid content performed by Bible and their correlation with 1§ of DPPH antioxidant
activities and EG, of CUPRAC antioxidant capacities were analyzedPbgrson’s method. Ethyl acetate extract of
C.sinensis peels (MA2) had the lowestyl€f DPPH scavenging activity 11.04 pg/ml, while exdine extract of
C.sinensis peels (MA1) had the lowestgECUPRAC capacity 22.93 pug/ml. Ethyl acetate exttddE. sinensis
(MA2) the highest total phenolic content (431.3 ®8E/100 g), MAL1l had the highest total flavonoid teoh
(2037.1 mg QE/100 g), and the highest total caroigtrtontent (509.5 mg BE/100 g). There was a neggtihigh
correlation between total phenolic content in Cramdifolia peel extracts with their lig of DPPH scavenging
activity and EGy of CUPRAC assays. The {of DPPH scavenging activities in C. aurantifoli&, limon, C.
maxima, C. sinensis peel extracts gave linear tegitih EG, of CUPRAC capacities.
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INTRODUCTION

Oxidative stress has related with many degenerditaseases. Antioxidant has potency to mobilizequidie effects
against oxidative stress. Phenolic compounds amnmmnly found in plants, and they have revealed doeh
multiple biological effects, including antioxidaattivity [1-2]. Many studies had revealed that pdlencontent in
plants could be correlated to their antioxidantvé@s. Plants contained phenolic and polypherarhpounds can
act as antioxidant [3-5].

Some of antioxidant methods such as CUPRAC (CuiprncReducing Antioxidant Capacity) and DPPH (2,2-
diphenyl-1-picrylhydrazyl) were widely used to pietdantioxidant capacity of fresh fruits, beveragasd food
[2,6]. revious studies [2,6-7] revealed that DPRid £UPRAC methods could be used to determine dadtok
activity in many plants extracts. The previous &ad[8-11] exhibited antioxidant capacities of soplants
including Citrus sp.

The objectives of this research were to study aittant activities of various different polaritiesxtracts (n-hexane,
ethyl acetate and ethanol) from five Citr@tfus aurantifolia, Citrus limon, Citrus hystrixitrus maxima, Citrus
sinensi¥ peels using DPPH and CUPRAC assays; and cooesatof their antioxidant capacities with total
phenolic, and carotenoid content in each extract.
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EXPERIMENTAL SECTION

Materials: Neocuproine, DPPH (2,2-diphenyl-1-picrylhydrazydjllic acid, quercetin, beta carotene purchased
from Sigma-Aldrich (MO, USA), cupric chloride, psdtom five Citrus. All other reagents were analgtigrades.

Preparation of sample:Peels from five CitrusC. aurantifoliasample NI from Subang;. limonas sample LEC.
hystrixas sample PUZ. maximasample BA andC. sinensisas sample MA from Bandung were thoroughly washed
with tap water, sorted while wet, cut, dried, amithded into powder.

Extraction: Three hundred grams of powdered samples were &drdy reflux apparatus using increasing polarity
of solvents. The extraction using n-hexane wasatgkthree times. The remaining residue was thiaa®d three
times using ethyl acetate. Finally the remainingjcee was extracted three times using ethanolh&e twere five
n-hexane extracts (NI1, LE1, PU1, BAl and MA1)gfiethyl acetate extracts (NI2, LE2, PU2, BA2 and2)lAnd
five ethanolic extracts (NI3, LE3, PU3, BA3 and MA3

ICso of DPPH scavenging activity: Preparation of DPPH solution was adopted from B[4i8] with minor
modification. Various concentration of each extraete pipetted into DPPH solution 50 pg/ml (1:1)rtitiate the
reaction for obtaining a calibration curve. Afté Biinutes incubation, the absorbance was read atlargth 515
nm by using spectrophotometer UV-Vis Hewlett PadkB435. Methanol was used as a blank. Ascorbic weisl
used as standard. Analysis was done in triplicatestandard and each extract. Antioxidant actieityach extract
was determined based on the reduction of DPPH bhsoe by calculating percentage of antioxidantvagtj13].
ICso of DPPH scavenging activity of each extract cacddeulated using its calibration curve.

ECso of CUPRAC capacity: Preparation of CUPRAGbIution was adopted from Apak [6]. The CUPRAC ol
was prepared in ammonium acetate buffer pH 7. \ar@pncentration of each extract were pipetted Gitt®RAC
solution 50 pg/ml (1:1) to initiate the reactiorr fabtaining a calibration curve. After 30 minuteésubation, the
absorbance was read at wavelength 450 nm by ugewrsphotometer UV-Vis Hewlett Packard 8435. Amiauon
acetate buffer was used as a blank. Ascorbic aagluged as standard. Analysis was done in triplimatstandard
and each extract. Antioxidant capacity of eachasttivas determined based on increasing in Cu @§ungroine
absorbance by calculating percentage of antioxidapécity [6]. EG, of CUPRAC capacity of each extract can be
calculated using its calibration curve.

Total phenolic content (TPC): Total phenolic content were measured using the fieaidi~olin-Ciolcalteu method
adapted from Pourmorad [14]. The absorbance v aewavelength 765 nm. Analysis was done initapd for
each extract. Standard solutions of gallic acidl80ug/ml were used to obtain a standard curve. Thé pbkanolic
content was reported as percentage of total gadit equivalents per 100 g extract (mg GAE/100 g).

Total flavonoid content (TFC): Total flavonoid content was measured using adaptethod from Changt al
[15]. The absorbance was read at wavelength 415Amalysis was done in triplicate for each extré&tandard
solutions of quercetin 20-13Mm/ml were used to obtain a standard curve. Thée fiatzsonoid content was reported
as percentage of total quercetin equivalents peérgléxtract (mg QE/100 g).

Total carotenoid content (TCC): Total carotenoid content was measured using theifieddcarotene method
adapted from Thaiponet al [2]. Each extract were diluted in n-hexane. The absaaras read at wavelength 470
nm. Analysis was done in triplicate for each extr&andard solutions of beta carotene 54gml were used to
obtain a standard curve. The total carotenoid cint@s reported as percentage of total beta caratqnivalents
per 100 g extract (mg BE/100 g).

Statistical Analysis: Analysis of each sample was performed in triplicatl results presented were the means
(xSD) of at least three independent experimentgtisiital analysis (ANOVA with a statistical sigicdince level set
at p < 0.05 and post-hoc Tukey procedure) waseathiwut with SPSS 22 for Windows. Correlations betwthe
total phenolic, and carotenoid content with antil@xit capacities were made using the Pearson’s théphe 0.01).

RESULTS AND DISCUSSION
The previous study3,10,16-17] that Citrus sp had antioxidant capacithere were no stud regarding antioxidant
capacity of three various polarities extracts (Whigere n-hexane, ethyl acetate and ethanol) ofspieem five

Citrus using DPPH and CUPRAC assays.

ICso of DPPH scavenging activity and Egy, of CUPRAC capacity: The DPPH is stable free radicals which
dissolve in methanol or ethanol, and its colorsnsbbaracteristic absorption at wavelength 515-520 @olors of
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DPPH would be changed when the free radicals wesgenged by antioxidant [6,18]. Reagent of CUPRAC i
CuCl, that combined with neocuproine in ammonium acelatifer pH 7. Cu (ll) will be reduced to Cu ().
Complex Cu (I) — neocuproine gives yellow color asttbw characteristic absorption at wavelength 4560 n
Intensity of yellow color depends on amount of @y that is reduced to Cu (l). If a sample redu€as(ll) to Cu
(1), at the same time it will be oxidized, so tls@mple can act as antioxidant. Sample will actrda®xdant in
CUPRAC assays if sample had reduction potentiaktativan reduction potential of Cu (I1)/Cu (l) whiekas 0.46
V, so the sample can reduce Cu (Il) to Cu (I) dmisgl $ample will be oxidized.

The 1G, of DPPH scavenging activities and &6f CUPRAC capacities in various peel extracts friora Citrus
using DPPH and CUPRAC assays were shown in FigdTlFan2. The half minimum inhibitory concentratifi€sg)

of DPPH scavenging activities and &©f CUPRAC capacities compared tosd@scorbic acid standard and 4&C
ascorbic acid standard.
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Fig 1: ICs0f DPPH scavenging activities in various peel excts from five Citrus
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Fig 2: ECsoof CUPRAC capacities in various peel extracts fronfive Citrus

The half minimum inhibitory concentration of DPPEBsenging activity is the concentration of samplstandard
that can inhibit 50% of DPPH scavenging activithile EGy of CUPRAC capacity is the concentration of sample
or standard that can exhibit 50% of CUPRAC capadite lowest I1G, or EGomeans had the highest antioxidant
capacity. The Ig or EGy were used to determine antioxidant capacity of mpda that compared to standard.
Sample that has Kgor EGyless than 50 pg/ml is a very strong antioxidant180 pg/ml is a strong antioxidant,
101-150 pg/ml is a medium antioxidant, whiled@r ECs, greater than150 pg/ml is a weak antioxidant [12].
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In the DPPH method, Kg of various peel extracts from five Citrus rangeairf 11 to 106.4 pug/ml. Ethyl acetate
extract ofC. sinensigpeels (MA2) had the lowest §gof DPPH radical scavenging activity 11 pg/ml, followey
MAL 11.4 ug/ml, and PU1 12.3 pg/ml, while ascorid standard gave gof DPPH scavenging activig/ pug/ml.
Based on the value of §gof DPPH scavenging activity it could be concludleat MA2, MA1, and PU1 could be
categorized as strong antioxidant. The currentysgitbwed that 1§ of DPPH scavenging activities of ethanolic
peel extract ofC. sinensisandC. limonfrom Bandung using reflux extraction were 35.5 48d3 pg/ml, while the
previous study [17] ethanolic peel extract@f sinensifrom three locations Kintamani, Jember and Banyngiva
were 2.25, 8.84, 17.94 pug/ml, respectively. Stuglshasemi [3] revealed that methanolic extradt osinensivar.
Sungin,C. sinensiyar. ValenciaC. sinensisszar Navel andC. limonusing percolation extraction were 1.7, 2.1, 1.1
and 1.4 mg/ml. N-hexane extract©f sinensipeels (MA1) had the lowest Egbf CUPRAC capacity (22.9 pug/ml)
while ascorbic acid standard gavessg@f CUPRAC capacity 5.7 ug/ml. It showed that poteotascorbic acid was
around four times as much as the potency of MAAgISIUPRAC assays.

Total phenolic content in various peel extracts frm five Citrus: The total phenolic content among the various
extracts expressed in term of gallic acid equivalsing the standard curve equation y = 0.00695%. R = 0.998.
The total phenolic content in various peel extrdaisn five Citrus showed different result rangednfr 48.42 to
431.25 mg GAE/100 g. Ethyl acetate extrac€Cokinensipeels (MA2)had the highest phenolic content (43125
GAE/100 g) (Fig 3).
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Fig 3: Total phenolic content in various Citrus peéextracts

The total phenolic content can be contributed itioaidant capacity [4]. Phenolic acid might contribd in
antioxidant capacity. Phenyl acetic acid and benagid had lower antioxidant capacity than cinnaaga [19].
The previous study [3] revealed that TPC in methianpeel extract ofC. sinensisvar. Washington NavelC.
sinensisvar. Sungin,C. sinensisvar. Valencia were 160.3, 153.8, 132.9 mg GAE/ga&t} respectively. It was
contrast with the study which exposed that TPCtlivamolic peel extract of. sinensisvas 197.6 mg GAE/100 g.
The present study demonstrated that TPC in etlmestract ofC. limonwas 73.4 mg GAE/100 g extract, while
research by Ghasemi [3] found that TPC in methareliract ofC. limonwas 131 mg GAE/g extract. Research by
Londono [16] stated that TPC in methanolic peetaettofC. latifolia, C. sinens andC. reticulataby ultrasound-
assisted extraction method were 74.8, 66.36, S8G&AE/g extract, respectively. TPC in dry mate(i#.595 mg
GAE/g peel dry matter) were higher than wet matexral time of extraction had no influence on TP@Widus
study [17] expressed that ethanolic peel extrac€okinensisfrom three different growth locations Kintamani,
Jember and Banyuwangi had TPC 10.08, 8.85, 9.5AK/T0 g extract, respectively. Hayat [1] revedleat TPC

in methanolic peel extract @&. reticulataby microwave - assisted extraction method (1782GAE/g extract)
was higher than ultrasound extraction (162.93 pde@Aextract) and rotary extraction (79.80 pg GA&tyact).C.
reticulata contained p-hydroxybenzoic acid, vanillic acidecqumaric acid and ferulic acid which could act as
antioxidant [1]. TPC in fruit juice of. hystrix C. aurantifolia C. microcarpaand C.sinensiswere 490.74, 211.70,
105, 135.3 mg GAE/100 ml juice, respectively [10].

Total flavonoid content in various peel extracts fom five Citrus: The total flavonoid content among the various
extracts expressed in term of quercetin equivalsittg the standard curve equation y = 0.007x -0.62= 0.995.
The total flavonoid content in various peel extsaitom five Citrus showed different results withive range of 26
to 2037.1 mg QE/100 g (Fig 4). N-hexane extracC sinensigpeels (MA1) had the highest total flavonoid content
(2037.1 mg QE/100 g) and ethanolic extracCofmaximapeels(BA3) had the lowest (26 mg QE/100 g).
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Fig 4: Total flavonoid content in various Citrus peel extracts

In the present study TFC in ethanolic extracCofsinensisvas 45.5 mg QE/100 g, while in previous research b
Ghasemi [3] revealed that TFC in methanolic exttddE. sinensisar. Washington Navel. sinensisar. Sungin,
C. sinensisrar. Valencia were 23.2, 2.1, 7.2 mg QE/g extrextpectively. TFC in methanolic extract®©f limon
was 16.2 mg QE/g extract, while in the presentystlieiC in ethanolic extract dE. limonwas 48.6 mg QE/100 g.
Ghafar [10] demonstrated that TFC in fruit juicefhystrix C. aurantifolig C. microcarpaand C.sinensiswere
22.25, 10.67, 8.77, 2.99 mg QE/100 ml juice. StbgyFidrianny [17 exhibited that ethanolic peel axtrofC.
sinensidfrom Kintamani, Jember and Banyuwangi had TFC 11250, 0.93 g QE/100 g extract, respectively.

Total carotenoid content in various peel extractsrbm five Citrus: The TCC among the various extracts
expressed in term of beta carotene equivalent usmgtandard curve equation y = 0.012 x - 0.088; ®998. The
total carotenoid content in various peel extraatsffive Citrus showed different result in the raraf 5.4 to 509.5
mg BE/100 g (Fig 5). N-hexane extract ©f sinensigpeels (MA1) had the highest carotenoid content (&08g
BE/100 g), while ethanolic extract @. limonpeels (LE3) had the lowest carotenoid content ifsg4BE/100 g).

In the previous study [17] showed that TCC of ethianpeel extract ofC. sinensisrom Kintamani, Jember and
Banyuwangi were 0.037, 0.021, 0.022 g BE/100 gaektrespectively. It was similar with the resultthe current
study which expressed that TCC in ethanolic peélaek of C. sinensisfrom Bandung was 20.9 mg BE/100 g
extract.
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Fig 5: Total carotenoid content in various Citrus peel extracts

Correlations between total phenolic, flavonoid, castenoid content with DPPH scavenging activities, ah
CUPRAC capacities in various peel extracts from fig Citrus: Pearson’s correlation coefficient was positively
high if 0.61< r < 0.97 [2] and negatively high if -0.64r < -0.97. The highest antioxidant activity will bevgnh by
sample which had the lowest Cof DPPH scavenging activity or EZCof CUPRAC capacity. So the good
correlation between TPC, TFC and TCC withd OPPH or EG, CUPRAC will be shown in highly and negative
correlation.
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Table 1. Pearson’s correlation coefficient of totaphenolic, carotenoid of peel extracts from five Gius and ICs, of DPPH scavenging

activities, EGso of CUPRAC capacities

ICog CUPRAC Tom iCoo Tom o
TPC TFC Tce NI CUPRAC LE CUPRAC PU CUPRAC BA CUPRAC MA

ICo DPPH NI 0.987% 0586ns 0512ns  0,996"

ICeoDPPH LE -0253ns  -0,668*  -0.679*% 0,995+

ICeoDPPH PU 0.981* -0,513ns  -0.808* -0,053

ICeoDPPH BA 0547ns  -0,895*  -0,684% 0,996+

IC.oDPPHMA  -0.459ns  -0.548ns  -0,508ns 0,096

IC.oCUPRAC NI -0.998* -0,658*  -0,589ns

ICeCUPRAC LE  -0,339ns  -0.599ns  -0,611*

IC.CUPRAC PU  0.142ns  -0.831%  -0.547ns

IC.oCUPRAC BA  0532ns  -0,887*  -0,671*

ICoCUPRAC MA  -0.395ns  -0.605*  -0.568ns

Note: DPPH = DPPH scavenging activity, CUPRAC = EBRIAC capacity, TPC = total phenolic content, TF@tal flavonoid content, TCC =
total carotenoid content, NI = sample NI, LE = sdenpE, PU = sample PU, BA = sample BA, , MA = starldA, ns = not significant, * =
significant at p < 0.05, ** = significant at p < 01

The highest and negative between TPC ang ¢€ DPPH scavenging activity (r = -0.987, p<0.013swgiven by
sample NI. The highest and negative correlatiomwben TPC and Egg of CUPRAC capacity (r = -0.998, p<0.01)
was given also by sample NI (Table 1). It means thereasing in TPC in sample NI would gave inchegsn
antioxidant activity of sample NI by DPPH and CURRMethod. Based on this data it could be conclutiad
antioxidant capacities i@. aurantifoliapeel extracts with DPPH and CUPRAC assays miglesbienated indirectly
by determining their TPC. In previous study [17uffol that TPC in peel extracts 6f sinensisrom Kintamani,
Jember and Banyuwangi had high correlation withrtpercentage of DPPH scavenging activities. Gh§iaj
stated that there was no correlation between TP&uih juice of C. aurantifolia with its percentage of DPPH
scavenging activity, but there was high correlatigth its percentage of FRAP capacity.

Phenolic compound included tannins, flavonoid, mhieracid and other compounds. Flavonoid which @HAiring
and/or B ring will be included in phenolic grougdavonoid had higher antioxidant capacity than piieracid
[19]. Position OH in ortho C-3',4’, OH in C3, oxariction in C4, double bond at C2 and C3 would iexfice higher
antioxidant capacity in flavonoid. Flavonoid whid¢tas OH with ortho position in C3’-C4’ had the highe
antioxidant capacity. The flavonoid glycosides wbgive lower antioxidant capacity than flavonoidyagne [19].
Pearson’s correlation coefficient between TFC faamous extracts of five Citrus and their antioxidaapacities
demonstrated that only TFC in sample BA (r = -0,8880.01) and sample LE (r = -0.668, p<0.05) haghlyi
negative correlation with I§ of DPPH scavenging activities, while TFC in sampke (r = -0.887, p<0.01), sample
PU (r =-0.831, p<0.01) and sample MA (r = 0.60804805) had highly negative correlation with £6f CUPRAC
capacities.

In Figure 4 it could be seen that TFC in n-hexaxteaet of sampleC. maxima(BAl) 507.9 mg QE/100 g was
higher than TFC in ethanolic extract of sam@lehystrix(PU3) 68.7 mg QE/100 g, but d&of DPPH scavenging
activities of BA1 (20.7 pg/ml) was similar with PY31.2 pg/ml). Based on the data above it can bdigted that
many flavonoids in n-hexane extracts of sanfplenaximahad OH in C5, C7, or C3’ only, or C4’ only, or ©8ly
without oxo function in C4, that had no and lowiaxidant capacities. In contrast, almost all ofvflaoid in
ethanolic extracts of samp& hystrixwere flavonoid that had OH in position which cafiience high antioxidant
capacities.

The correlation between TCC and their antioxideagacities that peel extracts 6f limon,and C. maximahad
negative and high correlation with g§bf DPPH scavenging activities (r = -0.679, r =681, p<0.05) and Eg of
CUPRAC capacities (r = -0.611, r = -0.671, p<0.08&jpectively. It means higher in TCC in peel astrof C.
limon,andC. maximawvould give higher antioxidant activities by usin@ PH and CUPRAC methods.

Carotenoid had antioxidant capacity by scavengieg fadical. More double bonds in carotenoid waiNg higher
free radical scavenging capacity [20]. Carotenbiat tonsisted of above 7 double bonds gave higberradical
scavenging activity than 7 double bonds [21]. rasictudy [22] demonstrated that increasing ingiplicity of
carotenoid would increase free radical scavengegggacity. Beta carotene was used as standard beitabséd
conjugation double bonds due to its ability to stae free radicals [23-24].

In Figure 5 it could be seen that TCC in n-hexaxteaet of sample NI (NI1) 145.3 mg BE/100 g washagthan
ethyl acetate extract of sample NI (NI12) 7.9 mg BEY g, but 1G, of DPPH scavenging activity of NI1 (18.6 pg/ml)
was similar with NI2 (19.4 pg/ml). Based on thead#itcan be concluded that almost all of carotemoitlli2 had
more than 7 double bonds, while in NI1 only aditf carotenoid had more than 7 double bonds.
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The CUPRAC and DPPH methods had different mechameswtion. Mechanism of DPPH that was electron
transfer assays [25] and CUPRAC was redox assdyS¢6the results of the two methods not alwaysdim The
Pearson’s correlation coefficient indicated thdydaur CitrusC. aurantifolia, C. limon, C. maxima, C. sinenis&
positively high correlation between J¢bf DPPH scavenging activities and 6f CUPRAC capacities. It could be
seen that antioxidant activities of samfe aurantifolia, C. limon, C. maxima, C. sineng@ve linear result by
DPPH and CUPRAC assays.

CONCLUSION

To assess the antioxidant capacity of sample, tyanfemethods must be used in parallel, becaugerdift methods
could give different results. All of extracts (epteethanolic extract ofC. aurantifolid had 1G, of DPPH
scavenging activities less than 50 pg/ml that meseie very strong antioxidant. The negative higiralation
between total phenolic with kgof DPPH scavenging activities and &©f CUPRAC capacities was given &y
aurantifolia peel extracts. Antioxidant capacity using DPPH &WPRAC assays if€. aurantifolia peel extracts
might be estimated indirectly by using total phénabntent. Phenolic compounds were the major dmutr in
antioxidant capacity il€. aurantifoliapeel extracts. Antioxidant capacities@faurantifolia, C. limon, C. maxima,
C. sinensiggave linear result by DPPH and CUPRAC ass@ysaurantifolia, C. limon, C. hystrix, C. maxima, C
sinensismay be exploited as natural antioxidant sources.
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