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ABSTRACT

The unpleasant odour of noni (Morinda citrifolia L.) fruit has been a longstanding problem which is caused by
octanoic acid. Deodorization of that compound have been performed using deacidification process. Deacidification
of the octanoic acid using ion exchange resin was able to reduce the unpleasant odor but resulted in a reduction of
beneficial antioxidant activities. Thus, this study was conducted to determine the effects of different types and weight
of resin on the adsorption of octanoic acid and antioxidant compounds in noni juice during deacidification. Three
types of weak base anion exchange resins (Amberlite IRA 67, Duolite A7 and Amberlite IRA 96) of different resin
weight (0, 5, 10%, w/v) were used. The treated noni juice was analyzed for pH, antioxidant activity, total phenolic
content (TPC), individual phenolic compounds and octanoic acid content. Deacidification of noni juice using the
resins significantly (p<0.05) decreased the octanoic acid content compared to fresh juice where Amberlite IRA 67
gave the maximum reduction of octanoic acid followed by Duolite A7 and Amberlite IRA 96. The results indicated
that deacidification of noni juice using 10% of resin weight (w/v) gave higher percentage of antioxidant activity
(DPPH and FRAP) and total phenolic content (TPC). Results also showed a similar trend when different weight of
resin was used where Amberlite IRA 67 > Duolite A7> Amberlite IRA 96 for DPPH, FRAP, TPC and antioxidant
compounds.

Keywords: Noni fruit (Morinda citrifolia), ion exchange resins, antioxidants, organic atddorization.

INTRODUCTION

Noni L. is a Rubiaceous plantidely distributed in many tropical areas [1]. Coomty called noni, it is used
traditionally to treat a broad range of diseasg®ntedly for over 2000 years [2]. Noni juice is wig consumed
globally. It has been accepted in the European tiua®a novel food [3]. However, many people avoiddnsume
the juice because of its unpleasant odor. Deoddoizavill reduce the undesirable odor of noni juigkich have

been contributed by medium chain fatty acids suhkapric (decanoic acid), caproic (hexanoic acid) eaprylic

acids (octanoic acid) [4]. The volatile compounéisani extract consist of carboxylic acid (83%)atol (5%) and
esther (3%) [5].

Deodorization of noni extract have been done usintivated charcoal [4] and deacidification usindcicen
carbonate [6,7] or ion exchange resin [8]. Deaidtfon has been used to reduce the level of acfdad systems.
lon exchange and adsorbent resins have shown pngmissults in the modification of acids in fruitiges.
According to [9], they were able to reduce the igith citrus fruits using ion exchange resins. &aV studies to

9
www.scholar sresear chlibrary.com



Maskat M.Y. et al Der Pharma Chemica, 2015, 7 (9):9-21

deacidify fruit juices using ion exchange resin dalso been performed on passion fruit [10]. Howerasin has
the tendency to adsorb antioxidant compounds ieguih reduced antioxidant activity [11]. In theaddification

of the citrus juice by [12], weak base anion resires preferred as they are best able to attradtians of the juice.
Deodorization via deacidification of noni juice hbhsen attempted previously using Amberlite IRA 6¥oa

exchange resin [8] which even though resulted oluced undesirable odor, also resulted in loweroaitant

activity. Thus, it is important to understand timeraction of antioxidants and octanoic acid with exchange
resins to maximize the adsorption of octanoic adide minimizing the loss of antioxidants.

Antioxidants are compounds that contribute to ghedith. Antioxidants can be classified as primarjoog-term
antioxidants and as secondary or processing addoi$. The primary antioxidants are active radicalvengers or
hydrogen donors or chain reaction breakers whiesttondary antioxidants are such as peroxide dexsers [13].
Antioxidants that scavenge reactive oxygen speuigbe of great value in preventing the onset andagation of
oxidative diseases [14]. Recently, more attentias Ibeen focused on the role of natural antioxidamtsarticular,
phenolic compounds, which may act both by redutfiregcontent of toxic compounds in foods and by §tipg the
human body with exogenous antioxidants [15]. Irs thtiudy, we focused on three types of phenolic camgs
present in noni fruit as reported by researchefistsl in Table 1.

Table 1 Antioxidant compoundsin different part of noni

Antioxidants (Phenolic Compounds) Plant part Resear chers
Scopoletin, rutin, ursolic acid-sitosterol, asperuloside, damnacar Fruit [16-18]
Damnacanthal, scopoletin, morindone, alizarin, dirgitnordamnacanthal, rubiadin, rubiadin-1-methyJuice [2,19-21]
ethe

Damnacanthal, morindone, morindin, aucubin, aspsid, scopoletin Whole plant [21]
Scopoletin, quercetin, rutin, dimetylmorindol Fruit, commercial [22]

juice

Due to the beneficial role of antioxidants, it msportant that deodorization did not reduce theoaidiant activity.
Therefore, the purpose of the present study watetmlorize the noni juice by determining the effefctlifferent
types and weight of ion exchange resin on the atisor of antioxidant compounds and octanoic acamfmoni
juice.

MATERIALSAND METHODS

2.1 Material
Plant material used in this study was niwuits that were harvested in Bangi, Selangor, Msikat a maturity index
of 4 with pale yellow, whitish in color [23]. Theuit was ripened at room temperature for three days

2.2 Preparation of Noni Juice

The soft, ripened noni fruits were sorted and weshki¢h running tap water to remove dirt. The fruitsre chopped
into pieces, followed by blending (7011S, Waring®ler, Torrington, USA) with the addition of diltd water at a
ratio of 1:1 w/v for 1 min. The noni juice was éited using a muslin cloth, then centrifuged at 8Q00 (7871 x g)
for 30 min. The juice was filtered again usingdfilpaper (Sartorius 1288) [7].

2.3 Resins

Three weak base anion exchange resins were obtaioradSigma-Aldrich (St. Louis, MO,USA). Weak bassins
present higher ion exchange capacities and loweswuoption of regeneration reagents for deacidificajuices
[24-26]. Amberlite IRA 67 is a gel type resin whiriolite A7 and Amberlite IRA 96 are macroporoubeTresins
consisted of different matrix types which were sitivked acrylic gel (Amberlite IRA 67), phenol-foatdehyde
(Duolite A7) andstyrene divinylbenzene (AmberliRA 96). Table 2 shows the chemical and physicgb@ries of
the resins.
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Table 2 Chemical and physical properties of resinsused for deacidification of noni juice

Amberlite IRA 67 Duolite A7 Amberlite IRA 96

Chemical matrix Crosslinked acrylic gel Crosslinigténol- Styrene divinylbenzene copolymer

formaldehyde

Functional group Tertiary amine Secondary amine tidrgramine

Total exchange capacity > 1.60 (FB form) 2.1meqg/ml (FB form) 1.25eq/L (FB form)

(eq/L)

Physical form Translucent white spherical Cream colored granules White to amber opaque spherical
beads beads

Particle size (mm) 0.50-0.75 0.60-0.80 0.55-0.75

Source: Rohm and Haas

2.4 Deacidification

The noni juice was deacidified using three typeweék base anion exchange resins (Amberlite IRAMTherlite

IRA 96 and Duolite A7) at different weights (5 ah@%, w/v) in Erlenmeyer flasks. For pH determioatithe
samples were deacidified at 0, 2,4,6,8 and 10 ésinmweights (w/v). The flasks were agitated irodpital shaker
(WiseCube, Daihan Scientific, Korea) at a constp#ed of 120 rpm for 15 min. The samples were fhiened

using filter paper (Sartorius 1288) and kept af€ih amber bottles before analysis.

2.5 pH Determination

pH determination were carried out on all noni jsi¢gesh and treated) using (Model PB-10, SartdBasic Meter,
Germany). The pH meter were calibrated using pHaad 7.0 buffer. The juice was stirred before meaguhe pH
values. The reading was taken at room temperature.

2.6 Determination of Free Radical Scavenging using DPPH Method
The antioxidant activity of all juices were evaledtthrough free radical scavenging effect on 1phelnyl-2-
picrylhydrazyl (DPPH) radical [27]. Two ml of 0.1mBPPH methanolic solution was added into a00f sample
juice and 0.8 ml methanol. The mixture was prepanecixing 2 ml of DPPH and 1 ml methanol. The absace
was measured at 517 nm using spectrophotometepl&anvere measured in three replications. Percerdbfyee
radical scavenging activity was calculated basetherformula below:

% inhibition of DPPH = [Abs control — Abs samphdds control] x 100.

The results were then normalized based on theddieal scavenging activity of fresh noni juicesa®wn below:
Normalized % inhibition of DPPH = [% of DPPH deafi&t juice / % of DPPH fresh juice] x 100.

2.7 Determination of Ferric Reducing Assay (FRAP)

FRAP assay was conducted according to the methg2Bdfwith some modification. FRAP reagent was jgirepl
from acetate buffer (0.3 M, pH 3.6), 10 mM TPTZwin in 0.04 M HCI and 0.02 M iron (lll) chloridelution in
proportion of 10:1:1 (v/v) respectively. The FRAPagent was prepared fresh daily and incubated 4 &7
waterbath prior to use. A total of pilsamples juice were added to 1.5ml of the FRAReatiand mixed well. The
absorbance was measured at 593 nm using spectoopétetr (Spectronic 200, Madison, WI USA) after 4 ttiine.
Samples were measured in three replications. Adatancurve was prepared using a series of starsddution of
iron (1) sulphate (200 — 1000M). The results were expressedasol/ g fresh weight (FW) sample. The results
were then normalized using the formula: [% of FRa#Rcidified juice / % of FRAP fresh juice] x 100.

2.8 Determination of Total Phenolic Content

Total phenolic content of noni juice was determinmsithg Folin-Ciocalteau reagents [29]. Samples vieserted
into different test tube and mixed thoroughly wattml Folin-Ciocalteau reagent (previously pre-dilttetimes with
distilled water). After 5 min, 4 ml of 7.5% sodiucarbonate (N£0Os;) was added and allowed to react for 2 hrs at
room temperature. The absorbance was measured an76ising spectrophotometer in three replicati®andard
curve of gallic acid solution (0, 10, 25, 50 and Jpm) was prepared using the similar procedure.ré&bults were
expressed as mg GAE/g FW. The results were thamaled using the formula: [% of TPC deacidifietcgu/ %

of TPC fresh juice] x 100.
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2.9 Determination of Phenolic Compoundsusing HPLC

Chemicals and Standards

Methanol (MeOH) and chemical standards of scopuletitin hydrate and quercetin were obtained fragma-
Aldrich (St. Louis, MO,USA). The standards werewately weighed and then dissolved in appropriaieme of
MeOH/ deionized water to produce corresponding kstetandard solutions. Working standard solutions fo
calibration curves were prepared by diluting steokutions with MeOH at different concentrations! stock and
working solutions were maintained at 0°C. Deionizeater was used throughout. Samples were kept(&C-2
before analysis and filtered through a i@ membrane filter (Iwaki Glass) and injected dikeotto the HPLC.

The HPLC chromatogram demonstrating the separafi@nstandard mixture of the phenolic compounddistlis
shown in Figure 1. The order of the retention tiwes scopoletin, rutin and quercetin with a relatiegention time

of 16.51, 18.47 and 20.37, respectively. The catibn curves were obtained with concentration we fncrements.
The curves were plotted after linear regressiorthef peak areas versus concentrations. The linggession
equation was calculated 3s= ax + b, wherex is the concentration, ands the peak area of the standard as showed
in Table 3. The results showed acceptable lineavitly correlation coefficient higher than 0.99 wiitlihe range of
concentration for all phenolic compounds investigat

mAU
1365nm,4nm (1.00)

200+

Scopoletin 16.510
Quercetin 20.369

1754

1504

Rutin 18.474

125
100
751

50

2 5%

-25-

i

———

0.0 5.0 10.0 15.0 20.0 min

Fig.1 RP-HPL C chromatographic profiles of the phenolic r eference compounds at 100 ppm; scopoletin (Rt = 16.510), rutin (Rt = 18.474)
and scopoletin (Rt = 20.369). The x- and y- axisrepresent the running time (min) and peak absorbance (mAU), respectively

Table3 Thelinear regression equation and correlation coefficient, r of phenolic r eference compounds

Pher}c;l;;:g;rrlgf unds RegE;e/s:s:(nJrqu)uanon Correlation Coefficient, r
Scopoletin y =18029.58 0.9993
Rutin y = 9586.0% 0.9995
Quercetin y=22701.09 0.9957

Analysis of Antioxidant Compounds

Scopoletin, rutin and quercetin were the antioxideammpounds determined in this study. All three rutie
compounds were consistently reported in severdlie$16-18,22]. The HPLC analysis on antioxidashpounds
were performed according to the modified method\palytical HPLC Application 031481, Merck, USA (28)0
The system consisted of chromatographic separgtiemiormed on a Shimadzu Chromatography 20A with
photodiode array detector (PDA), and equipped Witimomolith Performance RP-18 endcapped, Merck, OHKt.(
No. 1.02129) for establishing phytochemical fingars of different resins used for deacidificatidme pump was
connected to a mobile phase system composed dddivents: A; Methanol/ deionized water (2.5: 9%/) and B;
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Methanol/ deionized water (50:50, v/v). The molplease was programmed consecutively in linear gnadis
follows: 0-10 min, 100% A, 0% B; 10-15 min, 65% 2§% B; 15-20 min, 0% A, 100% B; 20-22 min, 100%086

B; and 22-25 min, 100% A, 0% B. The elution was aam flow rate of 2.1 mL/ min at 25 min. The gextdiwas
selected as it afforded a good separation and symiwalepeak shape of target analytes in the HPL®@mlatograms.
The UV spectra was monitored in the range of 21850 nm for the quantitative analysis. Sample péakke
chromatograms derived from the photodiode arrayevigiegrated at 365 nm. The injection volume was2@or
each of the sample and standard solutions. Tharcoliemperature was maintained at 30°C. Quantiticatvas
based on the peak area measurement. Characterizatiaghe three phenolic compounds were achieved by
comparing the HPLC retention time and absorptiotaafet peaks in the samples with those of thedstas. Data
collection and integration were performed usingh®&dzu Lab Solution software.

2.10 Volatile Compounds of Noni Juice
Volatile compounds were extracted using Gas Chrography Solid Phase Microextraction (GC-SPME).
Temperature and time for the sampling were 53°CL#min according to the previous study [30].

About 1 ml of sample was added into a headspadeanih sealed with silicone septum layered with dieflaced
silicone septa (Supelco, USA) and heated in a wathr(Memmert, Germany). SPME needle which conthime
divinylbenzene-carboxen-polydimethylsiloxane (DVBJR-PDMS) fiber @ableFlex, Supelco) was injected
through the septum into the vial for 10 min. Aftee extraction, the needle was removed from thieavid inserted
immediately into the injection port of a Gas Chroogaaphy Mass Spectrometry (Agilent, Model HP6898A)
equipped with Flame lon Detector (FID) and spdislénjector using an inlet SPME 0.75 mrupelco). A capillary
column HP-5 (30m x 0.25 i.d., 0.2 film thickness, J&W Scientific Pte Ltd, USA) wased.Nitrogen (N) was
used as carrier gaven temperature was programmed according to tieadef [31] with some modifications.
Initial temperature was 50°C for 2 min before rdige 80°C at 20°C/min for 1 min, then heated to *MG@t
20°C/min for 1 min. When it reached 100°C, the temapure finally raised to 250°C at 30°C/min anddhfelr 2
min. The gas flow rate was 40 cm/s. The total tioreseparation for each samples were 13.5 min.dp¢age of
peak area were determined by comparing the peaktiet time for the standard of octanoic acid whk peak
retention time for deacidified samples. The analygere expressed as percentage of peak area. Jiies revere
then normalized using the formula: [% of octanaiidan deacidified juice / % of octanoic acid ire$h juice] x
100.

2.11 Satistical Analysis

Three replications were used for all parameterssorea. Analysis of the data was analyzed using IEXierosoft
Inc.) and SAS version 6.12. Statistical tests usete ANOVA and Duncan’s Multiple Range test. Daltained
were reported as mean + standard deviation.

RESULTSAND DISCUSSION

3.1 pH

To obtain the most appropriate resin with the keslgorption capacities, three types of weak basesresith
different physical properties were assessed and réselts were shown in Figure 2. Noni juice without
deacidification (0% of resin) gave a pH value &%.According to [32], in the characterisation ohifruit, found
the pH to be 3.72.

Figure 2 shows that all treated samples gave highktwvalue compared to control. During deacidifioatiion
exchange resins exchanges ‘Okth anion from dissociated acids leaving the alissted H in the juice.
Subsequently, the Hwill react with OH from the resin to form water. Reduction of thedawiill cause pH to
increase [33]. A similar phenomenon was observethduleacidification of passion fruit juice whehetcitric ions
were exchanged with the Okbns of the resin resulting in pH increase [10kWous studies also reported that in
ion exchange deacidification, when the citrus juigeracts with the resins, ions from the juice evexchanged with
those of the resins [12]. Accumulation of a relatyvhigh concentration of the ions (adsorption)resin pore
surface resulted in the juice to become less acldiie pH value for noni juice treated with the thtgees of resins
significantly (p<0.05) increased when the weightesdins increased. Increasing the weight of resilosved more
vacant sites for ion exchange. As discussed byrotesearchers on different ion exchange resinstlier
deacidification of passion fruit juice, the increas pH was obtained by reduction of the citricdathat were
exchanged by OHions of the resin [33]. Noni juice treated with Berlite IRA 67 gave the highest pH value

13
www.scholar sresear chlibrary.com



Maskat M.Y. et al Der Pharma Chemica, 2015, 7 (9):9-21

compared to other resins followed by Amberlite IRA and Duolite A7. When the percentage of resingewe
increased (6 to 10%), Amberlite IRA 67 resin sigmntly (p<0.05) produced the highest pH value carag to
Amberlite IRA 96 and Duolite A7. Significant diffences (p<0.05) existed between different typessifit For all
types of resin, pH value increased with increasangount of resin but different resin showed differemte of
increase. At 2 and 4% of resin, the differencelivalue were lower than at 6 to 10% of resin. Ab@.0% of resin,
Amberlite IRA 67 produced the highest pH amongsalhples.

B Amberlite IRA 67 DO Duolite A7 B Amberlite IRA 96

9
8
7
9 6
g 5
s 4
3
2
1
0
0 2 4 6 8 10
(Control)

Percentage of resins (w/v)

Fig. 2 pH value of noni juice treated with different types of ion exchangeresinsat different weight of resins (w/v)
*Meanswith different lettersare significantly different (p<0.05)
Note: Error bars represent standard deviation

The different results of the three types of resitas/ be due to the different functional groups, madtructures, ion
exchange capacities, hydrogen bonding and hydrapliaeraction. The higher pH after treatment usimgberlite
IRA 67 may be related to its stronger affinity camgd to Amberlite IRA 95 and Duolite A7. AmberlilRA 67 is
an effective adsorbent for the adsorption of songaric compounds for example lactic acid, citricdaand tartaric
acid [34]. This might be due to the matrix compasiiathd functional groups of the resins. In theistdone by
[33], they also reported that Amberlite IRA 67 skalrthe highest ion exchange capacity, followed bybArlite
IRA 95 (similar functional group with Amberlite IR86) and Duolite A7. Their experimental work regagdion
exchange capacities of some resins can be obsarveable 4. Interaction involving hydrogen bondibgtween
nitrogen of the tertiary amine (Amberlite IRA 67daAmberlite IRA 96) and secondary amine (Duolite) Aid also
the oxygen of hydroxyl group of the noni juice wéllso contribute to effectiveness of adsorptioncess. The
superior performance of Amberlite IRA 67 among thessins also can be attributed to the van der $\faates due
to hydrophobic interaction. The same phenomenonredcin the study conducted by [12] where they pleskthat
the capacity of Amberlite® resin (Amberlite IRA 685% capacity) was better than Duolite® resin (eoh7;
44% capacity) during the deacidification of orafgee).

Table 4 | on exchange capacities of three different resinstested

Resin lon exchange capacity (eq/L)

Reported by Experimental

manufacturer (for juice at pH 4)
Amberlite IRA 67 1.60 1.15
Amberlite IRA 95 (similar as Amberlite IRA 96) 1.25 1.07
Duolite A7 2.1 0.92

2 Constant flow rate and velocity
Source: [33]
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3.2 Octanoic Acid

Figure 3 shows the concentration of octanoic aoitent of fresh and treated noni juice using differtypes of ion
exchange resin. The three types of resin signifiggp<0.05) decreased the amount of octanoic mctceated noni
juice compared to fresh juice. In comparison, thieg treated with 5% of resin (w/v) showed highetanoic acid
content than 10% (w/v) of resin. Noni juice treateth Amberlite IRA 67 gave the lowest octanoicdacontent for
both amount of resin. The results were similar30] where, the percentage of octanoic acid sigaifiky (p<0.05)
decreased with the addition of resin. In the preséidy, weak base anion exchange resin of AmbelRiA 67
showed the most effective resin that reduces doiais noni juice. As expected, there were no sigaifit (p<0.05)
difference among these three types of resin at 6%sin (w/v). The lower concentration of octanaitd in the
deacidified noni juice can be explained by losaes td deacidification. Deacidification of noni jaigvith Amberlite
IRA 96 significantly (p<0.05) gave higher octaneicid concentration compared to Amberlite IRA 67.8% of
resin (w/v). This might be due to the different piwal properties as explained in the previous sactFrom the
results, a significant (p<0.05) decrease in octamgid concentration in noni juice treated with eoA7 and
Amberlite IRA 96 was observed as the resin amawreiased. When a higher quantity of resin was usede ions
were trapped onto the resins within a certain gleoictime resulting in the juices being less ac[di2].

W 5% of resins (w/v) [@10% of resins (w/v)
120 -

100 -

60 -

40 - bc
cd d cd

Normalized Octanoic Acid
Concentration (%)

Fresh Noni IRA 67 Duolite A7 IRA 96

(Control)
Treatment

Fig. 3 Normalized octanoic acid content of noni juicetreated with different types of ion exchangeresinsat 5% and 10% of resins (w/v)
#*Meansin the same per centage of resin with different letter sare significantly different (p<0.05)
Note: Error bars represent standard deviation

According to [9], Amberlite IRA 68 which had a pstyrene matrix similar to Amberlite IRA 67, had egtigible
affinity for the bitter compounds in orange jui¢temight be that the resin had inadequate amourstudface area
accessible to the bitter compound molecules condptwethe other resins. The same phenomenon migtt ha
happened in the deacification of noni juice. Weakedanion exchange resin which was polystyrenelyogo
containing a tertiary amine group as functionalugriiave been used in the deacidification of cijwitse and high
acid maintenance because of its ability to pullmig acid from the juices [12]. Previous reseaish seported that
Amberlite IRA 67 resin is a promising adsorbenttfog adsorption of some organic acids [34].

3.3 Total Phenolic Content (TPC)

The assay of total phenols with Folin-Ciocalteaagent determined both free phenolics and boundgsiesrin the
products [35]. As expected, results in Figure 4daté that total phenolic content of nguice treated with three
types of resins decreased significantly (p<0.05npared to fresh juice. This might happened dueh® t
hydrophobic interactions between resin and phermimpounds during deacidification of the juiceh#s been
reported that most of the phenolic compounds foumdoni fruit are non-polar in nature [36]. Thus,is most
possible that the interaction of the phenolic compts with the resin is not through ion exchange ratier
hydrophobic interaction. The polyphenol bindingiaf exchange resins is influenced by the functiagraups of
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the resin and hydrophobic matrix of the resin [Fthberlite IRA 96 which is a polystyrene-divinylbestee matrix
gave the lowest total phenolic content which sugggkea higher binding capacity compared to the otésins. The
polystyrene-divinylbenzene has the highest hydrojdity among all resin studied which consisted dfedent
groups based on their corresponding monomers: sighghe-co-DVB), poly(ester), poly(acrylates), getyrene-
co-butadiene), poly(urethane) and poly(ethylenerinyl acetate) [38]. This suggests that hydropbdhteraction
maybe the cause of the significant (p<0.05) redunctif phenolic compounds in noni juice with AmbirliRA 96.
Total phenolic content significantly (p<0.05) inased when the amount of resin was increased frean19% for
Duolite A7 and Amberlite IRA 96. However, incredsethe amount of resin from 5 to 10% did not sfigaintly
(p<0.05) affects the total phenolic content of nige treated with Amberlite IRA 67. The resulter® similar to
[8] during optimization of a deacidification prosesf the same juice using Amberlite IRA 67 resim @pposite
trend is observed when resin weight was increas®ed 6 to 10% between acid and phenolics. This neagu®e to
the difference in mechanism of interaction betw#en resin and acid which was via ion exchange atdiden
phenolics and the resin via hydrophobic interactiosreasing the adsorbent dose of Amberlite IRAr&feased
the adsorption efficiency [34]. As has been staexViously, it is possible that the increased gatsom efficiency
resulted in increased adsorption of octanoic duid teaving more unadsorbed antioxidant compoumttsei juice.

B 5% of resin (w/v) @ 10% of resin (w/v)
120 -
a
e 100 - b2 )
© c c
[
2 80 - d
=
22 60 -
F g
=
[J]
N8 40 -
©
£
2 20 -
O T T T 1
Fresh Noni IRA 67 Duolite A7 IRA 96
(Control) Treatment

Fig. 4 Normalized TPC of noni juicetreated with different typesof ion exchangeresinsat 5% and 10% of resins (w/v)
&4 Meanswith different letters ar e significantly different (p<0.05)
Note: Error bars represent standard deviation

3.4 Ferric Reducing Assay (FRAP)

Figure 5 shows ferric reducing activity of nonigei From Figure 5, all deacidified noni juice texhtvith the three
different resins were significantly (p<0.05) loweompared to control for FRAP. There was no sigaific
difference for FRAP between noni juice treated véitand 10 % (w/v) of Amberlite IRA 67 and Duolit&/ Aesins.
However, for Amberlite IRA 96, a significant (p<8)dincrease in ferric reducing activity was obsérwen resin
weight was increased from 5 to 10% (w/v). Compaidegveen different types of resin showed that &t Boand
10% amount of resin, Amberlite IRA 96 significan{fy<0.05) gave the lowest ferric reducing actiwifynoni juice
compared to the juice treated with Amberlite IRA&W Duolite A7. There were no significant diffecer(P<0.05)
in ferric reducing activity between Amberlite IRA @&nd Duolite A7 for both 5 and 10% (w/v) resin glei

The results obtained gave significantly differgox@.05) ferric reducing abilities for different g of resin. The
observed results may be due to differences inaotem of polyphenols in noni juice with differetyipes of ion
exchange resins. The polymeric matrix of weak basien exchangers significantly contributes to phbpol
binding via hydrophobic interaction, hydrogen bargdand ionic interactions due to the existing fioral groups
of the resins [37]. Different polymeric matrix (Tel2) of the resins have different interactionghe antioxidant
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compounds. As shown in Figure 5, deacidified nancg treated with Amberlite IRA 96 shows the highes
adsorption (lowest ferric reducing activity) amotige resins used. As the active compounds that iboidr to
antioxidative activity of noni fruits are probablyon-polar in nature [36], the hydrophobicity of retye
divinylbenzene (Amberlite IRA 96) allows better adgtion of non-polar phenolic compounds throughrbptiobic
interaction [39] and van der Waals interaction [df]discussed earlier.
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Fig. 5 Normalized antioxidant activity (FRAP) of noni juice with different typesof ion exchangeresinsat 5% and 10% of resins (w/v)
&4 Meanswith different letters ar e significantly different (p<0.05)
Note: Error bars represent standard deviation

3.5 FreeRadical Scavenging Activity using DPPH

Free radical scavenging activity of DPPH is anothggortant method to evaluate the antioxidant atytioy which
antioxidants inhibit lipid peroxidation [41]. Allehcidification process involving the three typesvebk base anion
exchange resins, free radical scavenging actigiyrehsed significantly (p<0.05) compared to ungekgtiice as
shown in Figure 6. Between these three types dhseg\mberlite IRA 67 still exhibited the best freadical
scavenging activity. Amberlite IRA 67 showed a figantly (p<0.05) higher free radical scavengirogivty when
the amount of resin was increased from 5 to 10%)(W/he trend was also similar for Amberlite IRA.96 free
radical scavenging activity, the juice treated wiitholite A7 significantly (p<0.05) decreased whae amount of
resin was increased from 5 to 10% (w/v). This miglwpened due to the higher number of functionaligs of the
resins when the amount of resin increased. Juieased with Amberlite IRA 67 exhibited a signifiegn(p<0.05)
higher scavenging activity (5% of resins, w/v) cargrd to Amberlite IRA 96 but no significant diffee with
Duolite A7. Otherwise, treatment with 10% resimg\j showed juice treated with Amberlite IRA 67 &y
significantly (p<0.05) higher scavenging activitynepared to the other resins. As previously sugdeske higher
scavenging activity maybe due to the higher pheratids in the compounds and higher affinity ofamig acids
towards the resin. In general, Duolite A7 and AniiteetRA 96 exhibits lower free radical scavengiagivity than
Amberlite IRA 67. The trend was slightly differewith total phenolic content due to the differentamanism of
reaction. A high phenolic content does not necdgsaccompanies high antioxidant activity [42]. Thetioxidant
activity also depends on the structure and intemadietween extracted phenolic compounds [43].
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Fig. 6 Normalized inhibition of DPPH of noni juicetreated with different types of ion exchangeresinsat 5% and 10% of resins (w/v)
&4 Meanswith different letters ar e significantly different (p<0.05)
Note: Error bars represent standard deviation

Similar to FRAP, the crosslinked phenol-formaldedyehatrix for Duolite A7 and styrene-divinylbenzefw
Amberlite IRA 96 may be a factor contributing tastiobservation. Amberlite IRA 67 might have higketectivity
to most of organic acids [34] compared to antiortd@ompounds due to the matrix of the resin. Onatther hand,
even though Amberlite IRA 67 and Amberlite IRA 9&vie the same functional group, this phenomenonbean
attributed to the decrease in competition betwéencharged ions. Protonation of these polypheraimpounds
significantly changes the charges and affinitylef tesins [44]. The highest antioxidant activitynonijuice treated
with Amberlite IRA 67 was expected because it cioté the highest total phenolic content comparethéojuice
treated with Duolite A7 and Amberlite IRA 96. Thigas probably due to the higher total phenolic entg
resulting in stronger antioxidant activities [45].

3.6 Sdlected Phenolic Compounds

Noni fruits contain complicated mixture of varidoi®active compounds including phytochemicals artébaigants.
Even though total phenolics might be a useful naokenutritional advantage, the actual profile dfepolics within
the juices should also studied. Three most commmtioxadant compounds which were identified and diiied in
noni juice were scopoletin, rutin and quercetin@detin is a characteristic phytochemical in nioait, while rutin
and quercetin are bioactive flavonoids [22]. Acdogdto the study done by them, scopoletin, rutid gnercetin
were detected in all noni fruits and commercialirjaites from different countries all over the wbilthough at
different range of concentration.

Figure 7 and 8 shows the normalized HPLC deternanaif phenolic compounds in noni juiteated with 5 and
10% (w/v) of resin weight. The trend for both 5 a6 (w/v) resin weight was quite similar for dire¢e different
resins used. The concentration of the three pherolnpounds in control sample was significantlyQy®8) higher
compared to the treated samples except for quercesiamples treated with 5% Amberlite IRA 67. Bhoa Figure
8, phenolic compounds in the sample treated withbdmite IRA 67 were significantly (p<0.05) highdnan
samples treated with Duolite A7 and Amberlite IRA. 9This suggested that Amberlite IRA 67 which is
crosslinked acrylic gel matrix has lower adsorptaility on phenolic compounds compared to AmberdRA 96
(styrene divinylbenzene) and Duolite A7 (phenohfafdehyde). For both 5 and 10% (w/v) of resin weighmilar
trends was observed where scopoletin exhibitedhighest concentration in the juice, followed byimuand
quercetin. The trend was also similar to [46] dgroharacterization of Costa Rican noni juice. Asntiomed in
antioxidant activities and total phenolic contenalgsis (DPPH, FRAP and TPC), nguice treated with Amberlite
IRA 67 showed the highest antioxidant activity doéower adsorption of antioxidants during deadidifion.
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Treatment (5% of resins w/v)
Fig. 7 Normalized RP-HPL C deter mination of phenolic compoundsin noni juice treated with different ion exchangeresinsat 5% of
resins (w/v)
&4 Means in the same phenolic compounds (scopoletin, rutin and quercetin) with different letters are significantly different (p<0.05)
Note: Error bars represent standard deviation

MW Scopoletin  @Rutin M Quercetin

Normalized Phenolics Concentration

Fresh IRA 67 Duolite A7 IRA 96

Treatment (10% of resins w/v)

Fig. 8 Nor malized RP-HPL C determination of phenolic compoundsin in noni juice treated with different ion exchangeresinsat 10% of
resins (w/v)
@4 Means in the same phenolic compounds (scopoletin, rutin and quercetin) with different letters are significantly different (p<0.05).
Note: Error bars represent standard deviation

CONCLUSION

In this study, deacidified noni juice using AmbesliRA 67 resin showed the highest antioxidant Hredlowest
octanoic acid content for all analyses followedDuyolite A7 and Amberlite IRA 96. The results indied that
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deacidification of noni juice using 10% of resiniglg (w/v) gave higher percentage of antioxidartivity (DPPH
and FRAP) and total phenolic contents (TPC). Resilibwed similar trends where Amberlite IRA 67 >olite A7
> Amberlite IRA 96 for DPPH, FRAP, TPC and anticaid compounds although at different weight of reshhoni
juice treated with Amberlite IRA 67 showed promgsipotential to be used for deodorization while lgoagave
minimal reduction on antioxidant content. The firgb of the present study are of utmost importaocdurther
investigation in this field. As a suggestion, matetailed knowledge of resin’s behaviour could eipltne
principles of resin adsorption towards adsorbate.
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