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In this work, the antiradical activity of fresh anded skins of two Iranian varieties of pomegraratek and pistachio hull
was measured in order to assess their concentrati@mtioxidant potential usable in various field$ie radical scavenging
capacity (RSC) of pomegranate husks and pistaallie kamples were studied using the 2,2-diphengietylhydrazyl radical
(DPPH’) assay. To determine the RSC and stoichiterfector of the samplers, the second-order ratestantgk,) and total H-
atom-donating capacitigr) for the oxidation of polyphenol extracts by DPPHresevaluated. The resultikgvalues were also
compared with those of the natural and synthetiox=idants. The order of relative second-order @astants in methanol at
25 °C found to be pomegranate husk > gallic acidrmic acid > pistachio hull. Furthermore, the R®@sed on the calculation
of area under kinetic curve (AUC), total stoichidnte factor of natural phenolicand commercial antioxidants were also

compared.
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INTRODUCTION

Generation of active oxygen and free radicalsnigdrtant
both in food and in biological systems. In foode process of
autoxidation and development of rancidity is caubgdree
radicals [1]. Lipid peroxidation leads to the demhent of
off-flavors and undesirable chemical compounds If2]iving
systems, free radicals may attack life importantletaes
such as DNA and membrane lipids and play a keyirotbe
pathology of numerous chronic diseases [3].

However, few researchers have studied the rate
antiradical reaction to indicate how fast the axitlants react
with the free radicals [4,5a]. Meanwhile, sinceefradicals in
the organism are short-lived species, the kedge of the
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kinetics of atom transfer is important, as it ingglithat the
impact of a substance as an antioxidant dependsdiast
reactivity towards free radicals. Several kinetiodels based
on the structural complexity of the polyphones hédneen
proposed to allow the determination of rate corstan
especially for those corresponding to the firstrbggn atom
transfer possessing rather fast kinetics. The mvixly used
one is the antiradical activity (EC50), definedtas amount of
antiradical necessary to decrease the initial DPPH
concentration by 50%. However, the EC50parametes ahot
agive any information about the rapidity of the Kins. Thus,
in order to define a parameter quantifying not orihe
antiradical activity but also giving information @it the
rapidity of the kinetics, Sanchez-Moreettal. [5b] introduced
the antiradical efficiency AE = 1/(EC50 x TEC50)heve
TECS50 is the time needed to complete the reactiben the
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initial concentration of antiradical is a value r@sponding to
EC50.

The antioxidant efficacy (AE) is a parameter ttanbines
both factors. It is well-accepted that DPPH" scaguemp
capacity is strongly dependent on the time of ieacind the
EC50 value is highly dependent on how the “steadtes is
arbitrarily selected and also on DPPH’" concentnatiat which
time domain of the antioxidant-radical reaction arged.

Fresh plant samples were cleaned, freeze-dried and
grounded into a fine powder by laboratory mill. Amount of
5 g of pistachio hull and pomegranate husk powdesse
respectively extracted with 40 and 120 ml waterapplying
sonication for 45 min at ambient temperature arehtthe
extracts were filtered for further purification arshalysis.
These extracts then called as raw extracted miteSame
parts of the raw extracted materials were Iyopédito get the

Consequently, the AE method may not have adequat®tal dry mass. Afterwards, the raw extracted nialemwere

reproducibility and can not be used to compare DRPH’
scavenging capacity data between different labdestcand,
thus, suggesting a need for a new method in tréped.
Recently, a few high-throughput assays have begalaged
to rapidly examine the free radical scavenging ciiges of
natural antioxidants. These include but are nottéithto the
oxygen radical absorbance capacity (ORAC) [6], byslr
radical scavenging capacity (HRSC) [7] and perasgdical

scavenging capacity (PRSC) [8] assays. The DPPBEéa

method has also applied to the estimation of RCAR of
these high-throughput assays use an area undekiribic

mixed with two parts of methanol for removing some
insoluble materials in water extract. The resultimgture was
centrifuged at 5000 rpm for 15 min and the supamtatalled
as methanolic treated extracts, was stored in dark °C for
further use. Some parts of methanolic treated etdraere
lyophilized to get the total dry mass.

Additionally, for further purification of the rawxtracted
materials, a procedure using amberlite XAD nonionic
polymeric resin was used to obtain the purified [sias
Aliquots of 100 and 50 ml of the extracts of pistiachull and
pomegranate husk were applied into a column paeka

curve (AUC) for RSC estimation, expressed as troloX250 g of XAD resin (100 cm length x 2.5 cm ID). Bes,

equivalents (TEs) in umol on a per sample weigbtba hese

salts, and sugars were eluted with 350 ml of waiterthen the

approaches take into account both the kinetic amel t phenolics were eluted with 310 ml of methanol. Tater

thermodynamic measurements of the

reactions and make it possible to compare data emstw

different laboratories.

To the best of our knowledge, there is no previmport
on the kinetic study of phenolic compounds fromtgihio
hull and pomegranate husk extract in the DPPHegysiThe
aim of the present work was to characterize kiaditiche free
radical scavenging capacity of these natural arttéons
sources, which can find applications in variousldie
including agro-industrial, cosmetic and pharmaaalti
industries.

EXPERIMENTAL

Plant Materials

Dried byproducts of two different varieties of taishio
hull (Kaleghouchi and Aghaie) were a gift from Dxsadi
from Rafsanjan Medical Science University. Pomegtan
husks samples were taken from two Iranian citieeeBand
Kashmar. All plant materials were collected in y2a08.

radical-antiotida fraction was concentrated and dried under reducesspre at

37 °C.

Chemicals and Reagents

2,2-Diphenyl-1-picryl-hydrazyl (DPPH"), 6-hydro®5,7,
8-tetramethylchroman-2-carboxylic acid (trolox),datannic
acid were purchased from Sigma Chemicals. Gallid a@as
obtained from Panreac.

Apparatus

Absorption spectra were obtained using a Sincodg@ho
UVS-2100) UV-Vis spectrophotometer. Measurementsewe
performed in 10-mm quartz cells and temperature was
controlled to £0.1 °C using a thermostatic celldesl and a
thermostatic bath. A Bachrach/Coleman spectrophetem
(Model 35, USA) equipped with an advanced data adipn
and processing system (ADC-212 Picotech, UK) wasl dsr
monitoring the fast reaction kinetics. The decredre
absorbance at 515 nm was determined continuousty deita
capturing at 1 ms intervals until the reactiontgda step was
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reached. Methanol was used to zero the spectropiedéo.
Special care was taken to minimize the loss of fadical
activity of the DPPH. The Datafit version 8.1 saite was
used for the data fitting.

Rate Constant and Stoichiometric Measurements

The second-order rate constakt) (was determined by
having the antiradical compound [AH] in large exess
compared to the radical compound [DPPH], thusify¢he
reaction to behave in a pseudo first-order:

-d[DPPH]/dt =k;[DPPH'] Q)
where
k1= k[AH] 2

Therefore, DPPH" was depleted from the pseudo-Girder
conditions following the equation:

[DPPH'] = [DPPH} & (3)
Fitting of the experimental data to obt&invalues was carried

out by plotting In([DPPH]ys. t by using the Microsoft Excel
software.

The kinetic studies were conducted by measuring th
disappearance of DPPH band at 515 nm under pséwstio-f

order conditions at a temperature of 25 °C to eataluhe H-
transfer reactions from polyphenols to DPPH". ThHePBl
solution in methanol was freshly prepared for eaqgheriment
(<1 day). Determinations df; were conducted in duplicate
using 12 different extract concentrations per sampliefly,
100 ul of testing antioxidant solution was mixed andcted
with 1900ul of 130uM DPPH'.

by Brand-Williams et al. [10] and Espinet al. [11] to
determine the hydrogen donating ability of theetéht crude
and purified extracts. A volume of 1950 pl of 130 pPPH’
methanol solutions was used. The reaction wasestdny the
addition of 50 pl of diluted extracts. The bleachof DPPH’
was measured at 515 nm against the blank (130 uMHDP
methanol solution) at 25 °C after 45 min. The difece in
absorbance is proportional to the stoichiometritdaof the
samples, expressed as milligrams or millimolesnifoxidant
per millimole of DPPH".

Radical Scavenging Capacity (RSC) Assay Based on
Area under Kinetic Curve

A volume of 1950 pl of 130 uM DPPH" methanol smint
was used to determine the hydrogen-donating ahifityhe
crude extract. The reaction was started by thetiatdof 50 pl
of diluted extracts. The bleaching of DPPH" was iwoad at
515 nm after each 3 s at 25 °C until 600 s. Merngyhihe
normal decay of the blank solution (130 uM DPPH" i
methanol) was also monitored. Four different cotregions
were used for each antioxidant extract and antantd
standard in the same experimental conditions. Timate the
total DPPH" scavenging capacity of a selected sit#mt
sample, the %DPPH" quenched was determined acgptdin
the following equation:

%DPPH’ = (1-(A-A)/(A-Ap)) % 100 4
where A, A and A represent the absorbance of the certain
concentration of a selected antioxidant, blank, #redinitial
radical at 515 nm measured at the reaction timespectively.
The values of %DPPH" quenched at different reactiomes
obtained from Eq. (4), were then used to evalubge AUC
values by using Eq. (5).

Since each DPPH" molecule reacts with one active

hydroxyl group, we can determine the quantity ofivac
phenolic hydrogens in the reaction with DPPH" by th
decrease in absorbance of DPPH™ at 515 nm in thetios
solution under the condition of [DPPH'] > [AH], vt allows
all of the AH to take part in the reaction with DHPP The
stoichiometric factor may be calculated from therdase in
absorbance of DPPH" band and the concentrationHof A
DPPH’ radical-scavenging assay was employed easrithed

696

AUC =Yi-0™ (G + gur)/2 X At ©)
where @ is the initial DPPH" quenched reading at initiede;,
g is the total DPPH™ quenched reading at time t, &nd the
interval times between two subsequent points obidasice
readings. The data were processed with a MicroEgftel
program. The net AUC was calculated by subtradtiegAUC
of the blank from the AUC of the sample. Relati@@Rvalues
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(RRSC) expressed as millimoles of trolox equivadiiE) per 50
gram of material, were caculated from following atjon: 45

40

RRSC = (net AUGmp [Trolox]/[AH] (net AUCsandard -

(6)

30

AV

A more precise RSC value was obtained by dividmeggglope 25

of the regression equation between net AUC anderdifft
antioxidant concentrations, for the sample, bystope of the 15
trolox curve for the same assay (regression method)

20

RESULTS AND DISCUSSIONS

1-E-15
Reaction Kinetics of Natural Antioxidants-DPPH’ __ 0.1
The knowledge of the kinetics of atom transfer is ; 02
important because free radicals in the organisnslaoet-lived °E; y
species, which implies that the impact of a sultstass an E ’
antioxidant depends on its fast reactivity towdrds radicals. S, 94
The DPPH method permits to evaluate not only theaatical Zos
capacity of antioxidants, but also the rate of nthekction 0.6

towards the free radicals. The rate constant ofr¢laetion of 0 2
antioxidants with free radicals are indicative bé torder of
reactivity and shows how much an antioxidant redube rate  Fig. 1. (a) Absorbance decrease and (b) In([DPPH'J/[DRPH’

t(sec) 4 6

of oxidation [5]. The kinetic information can beedsin food vs.t for the pseudo-first-order reaction ofepblics
systems to design strategies to inhibit lipid, ievand color with DPPH’A: pistachio of Aghaiel I: pistachio of
oxidation and preserve the quality of foods. Theenapidly Kaleghouchi@: pomegranate of Kashma, gallic
the absorbance decreases, the more potent is timxidant acid, an@: pomegranate of Saveh.

compound in terms of hydrogen donating ability.

Thus, in the presence of antioxidants, the deer@ashe
absorbance at 515 nus. time was measured until a steadythan phenolics from pistachio hull. Phenolics from
state was observed (Fig. 1). From the slope offindot of pomegranate husk also react faster to stabilizeHDP&dicals
In([DPPH J/[DPPHg]) vs. t, the second-order rate constantsdS compared to gallic acid, which is consideredbeo a
(k) of the reactions of DPPH  radical with appropiat powerful antioxidant (gallic acid is 6.7 and 9.5dfantiradical
antioxidants were estimated and the results arertegh in  activity than trolox and vitamin E respectively)L[12].
Table 1. For phenolics purified from natural sosrog XAD
resin, thek, found to be 2.0% 10* | mg* s* for pomegranate Stoichiometric Factor (n)
of Saveh, 2.16 10* | mg* s* for pomegranate of Kashmar,  Antioxidant can be characterized by their stachétry,
1.10x 10* I mg* s* for pistachio of Aghaie, 0.8410*I mg®  which indicates the amount of oxidant moleculesuced by
s for pistachio of Kaleghouchi, 1.8410* | mg* s* for gallic ~ one molecule of antioxidant [13]. To determine tivenber of
acid and 1.80x 10* | mg* s for tannic acid. The order of free radicals stabilized per unit of phenolic commpds present
deceasing rate constantik: pomegranate husk > gallic acid > in each sample, the analyses stoichiometric factere
tannic acid > pistachio hull. These results indicahat conducted, as follows. The reaction of DPPH with a
phenolics from pomegranate husk have faster reaktitetics  hydrogen-donating antioxidant can be resented by
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Table 1Phenolics.and Standards in | Tngf*

Samples Variety k; (| mg” 5°)
Fresh Aged
Raw extracted Pomegranate of saveh 5.11 x°10
Pomegranate of kashmar 4.95%°10
Pistachio of aghaie 2.21x10
Pistachio of kaleghouchi 2.05 x10
Methanolic treatment Pomegranate of saveh 7.32x°10 7.31x 10
Pomegranate of kashmar 5.98 10 6.35 x 10
Pistachio of aghaie 2.82x30 294x10
Pistachio of kaleghouchi 3.49x310 4.33x10F
Purified phenolics Pomegranate of saveh 2.03x10 1.87 x 10
Pomegranate of kashmar 2.16 ¥*10 1.68 x 10'
Pistachio of aghaie 1.10x410 1.11x 10
Pistachio of kaleghouchi 8.41x10 1.15x1d
Standards Tannic acid 1.80 x 1
Gallic acid 1.89 x 10
DPPH + AH— DPPH -H + A’ (7)  possible to give a single value fog; of a given antioxidant

and compare it with the stoichiometric factor ofheat
On the basis that each DPPH" molecule reacts wittvea products, as expressed by other researchers [8]1Z4dble 2
hydrogen, we can determine the number of activenglie  shows that the relative standard deviations foicktometric
hydroxyl groups in 1 g of total phenolics, for eagdimple. factor of different samples used in this studyiaréhe range
Experiments extending over 45 min were used for thef 6.9-52.0%, which obviously indicate huge dewviat ofn,
determination of the total stoichiometny,f) of antioxidant at from the mean values, in the concentration rangelied.

different concentrations in methanol using Eqg. (8), Thus, it is suggested that, for the comparisongfvalues of
different antioxidants, they should be evaluatedroa wide
Nt = (Ao - As)/(ebc) (8) concentration range graphically.

It is worth mentioning that, for some of antioxnds
where A is the final absorbance by taking into account thancluding gallic acid, tannic acid, and differerangples of
intrinsic decay of DPPH’, Ais the initial absorbance,is the  pistachio hull, the graph of 4 vs. concentration possess a
molar absorptivity of DPPH" (11260 ftm') and b and c are negative slope before reaching a plateau, whils itot the
the cell path length and initial antioxidant contcation, case for pomegranate husk samples and trolox 2yigsince
respectively. Of course, the initial DPPH -anticaid molar this plateau has been reached at high antiradmalpound
ratio Ay/ebc must be higher tham, for Eq. (8) to be applied. = [AH] possessing higher reaction rates so that nioRPH’

Because of the unknown molecular weights of na&turaradicals have been quenched over defined timevialiermore
phenolics, in Table 2 and Fig. 2, we have repottieg; with precise lower valued stoichiometric factors camb&ined.
dimension of mg AH/mmol DPPH' instead of, with Figure 2d shows the linear graphs ofislivs. inverse of
dimension of mmol DPPH /mmol AH. The results shdwatt antioxidant concentration. By extrapolating thepipsto zero,
the ny,; Of antioxidants depends on the concentration fieed where the stoichiometry is just satisfied with narttier
analysis. Due to this concentration depengeit is not antioxidantto affect reaction with DPPH’, oobtains the
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Table 2 Inverse of Total Stoichiometry (14 of the Natural Phenolics and Standards dfef2int Concentrations
and Extrapolation. The Datéha Parenthesis are the RSD%

Fresh Aged
Samples 1/nty; 1ot
Concentrarion (mg antioxidant/ Concentrarion (mg antioxidant/
(mg M) mmol DPPH') (mg M mmol DPPH’)
Raw extracted Pomegranate of saveh 25 173.4
3.6 171.7
4.8 169.8
6.0 107.3
8.7 177.1
(18.5)
Pomegranate of kashmar 3.6 3.6
4.7 4.7
8.5 8.5
(46.5)
Pistachio of aghaie 7.3 452.9
10.8 330.8
14.3 307
17.7 309.2
(19.8)
Unexira= 309
Pistachio of kaleghouchi 6.7 549.3
10 398.3
13.1 287.8
16.3 286.2
(32.7)
Unexira= 286
Methanolic treatment  pomegranate of saveh 1.4 150.0 1.4 164.5
2.7 178.8 2.7 116.0
4.0 149.8 4.0 142.6
5.2 143.6 5.2 1111
(10.1) (18.6)
Unyya= 92
Pomegranate of kashmar 1.4 137.7 14 175.6
2.8 156.9 2.8 158.1
4.1 123.7 54 1445
5.3 114.2
(14.0) (9.8)
Unera= 135
Pistachio of aghaie 4.3 420.5 4.3 434.7
8.4 310.6 8.4 350.8
125 268.3 125 288.3
16.6 249.9 16.6 273.6
20.5 253.8 20.5 265.5
(23.7) (22.0)
Unoya= 253 Uneyia= 265
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Table 2 Continuet

Purified phenolics

Standards

Pistachio of kaleghouchi

Pomegranate of saveh

Pomegranate of kashmar

Pistachio of aghaie

Pistachio of kaleghouchi

Trolox

Tannic acid

Gallic acid

11.2
14.7
18.2
21.7

18
35
43
52

18
2.7
35
4.4

2.8

5.6

8.4
111
13.7

17
3.3
4.9
6.5

12
2.73
3.7
4.93

0.8
17
25
3.3

0.5

15
19

344.3
318.2
288.8

289
(18.4)
Unewa= 289
129.6
94.4
96.7
87.5
(18.4)
1nexa= 95
1114
82.2
85.3
90.3
(14.3)
Unexra= 85
192.6
122.1
111.8
1134
110.8
(27.0)
Uneya= 111
272.3
1315
104
102.1
100.5
(52.0)
1/Meywa= 100
141.6
116.4
138.2
101.4
(15.3)
60.5
38.8
34
30.2
(33.2)
Unexyra= 24
54.3
34.9
30.4
28.2
(32.2)
Unpyya= 22

11.2

14.7

18.2
217

2.3
3.4
4.6
5.7

2.4
3.5
4.7
5.8

2.5

7.5
9.8
12.2

8.9
117
145

361.3
328.7
2994
295.8
(9.5)
1nexra= 296
100.5
89.4
75.8
78.9
(13.0)
Unbra= 73
94.9
84.0
81.4
89.8
(6.9)
Unexira= 85
287.2
180.1
158.7
145
1445
(32.7)
Unera= 144
174.1
146.6
137
135.1
138.3
(11.1)
1Unbra= 135
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wd E a ratio of antioxidant to DPPH" (stoichiometry fagtomn this
x 250 case we can compare thg, values of different antioxidant at
E 200 F the steady state. According to these resultsnghealues for
_g 150 F gallic acid and tannic acid indicate that they eem¥.7 and 70
% - 2 mol of active hydroxyl groups per mol to reduce BPP
é B E. o respectively. Meanwhile, they, values for pistachio hull

0 5 o o 12 15 purified phenolics were determined to be 0.0100 @990
[AH] mg]] (mmol DPPH/mg AH) for Kaleghouuchi and Aghaie
varieties, respectively. The respective, Vvalues for

150 C b pomegranate husk purified phenolics for Saveh aashihar
T 130 F varieties were also determined as 0.0105 and 0.Qdih7ol
E o \,\ DPPH'/mg AH). These results indicate that, forgenching
3 of 1 mmol of DPPH’, around 100.0-111.0 mg of ph&sol
E a0 [ \/ from pistachio hull or around 85.0-95.0 mg of pHe®ofrom
; pomegranate husk are necessary, the equivalent foratse
g 70 - — 5 - ; — 5 gallic acid and tannic acid being 22.0 and 24.0 mg,

[AHImg]1 respectively.

150 ¢ Use of Area under Kinetic Curve (AUC) for the
Estimation of RSC

The AUC values for different concentrations of each
standard antioxidant compounds and purified naphaholics
were obtained from the %DPPH" quenched-reactiore tim
plots. Figure 3 shows this plot for the tannic aetdfour
concentrations. The results obtained for three dstah
[AH] mg -1 antioxidants including trolox, gallic acid, and tém acid, as
well as the natural phenolic extracts including two
pomegranate husk varieties and two pistachio larleties are

~
o

mg AH/mmol DPPH
© 2
=) (o] o
8]
i =
L

7 ; o summarized in Table 3. The order of decreasing R&Ues
. 60 §Y=R2;‘fg$§;% found to be: gallic acid > tannic acid > pomegrananisk >
&0 [ pistachio hull, materials with higher RSC valuesinge
% ; associated with stronger DPPH'" radical scavengagacity.
E 40 " This order was in agreement with that of the total
T f e stoichiometric factor values. It should be notedt tthe RSC
E’ ‘;,';:—‘ values of natural phenolic extracts of pomegratmaigk and
20 i 1 2 pistachio hull obtained in this work are largerrtithe values
[aH]- ( Img1) reported for botanical extracts by Zhihogti@l. [9].

As we mentioned above, one of the problems aswuotia
with the conventional DPPH’ scavenging capacitaassthat
the percentage of DPPH quenched is depend on the
concentration of antioxidant used in the reactidns makes it
hard to compare the results from different labatat The
effect of concentrations of antioxidants on R®&lues was

Fig. 2.Concentration dependency ofnd/of different
phenolics. (a) pistachio hull; Aghaie andA:
Kaleghouchi; (b) pomegranate hillkSaveh
andh: Kashmar; (c) standard samplds; gallic
acid and: tannic acid; and (d) extrapolation of

1y for A: gallic acid andll: tannic acid.
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15 evaluated and reported as relative standard dewiatdr
standard antioxidants and natural phenolic extréicable 3).
The RSDs were in the range of 2.0-20.0%, which shthat
1.1 :\\ the RSC values reported by this method are morerate
:\ than ng, with RSDs values in the range of 6.9-52.0% (Table
j 2). These data demonstrated that the RSC assay ABIG is
07 a more practical approach for radical scavenginpaciy
' estimation and for comparison of different concatidn of
antioxidant samples at different laboratories [9].

05 L
0 200 00 600

t(sec)4

Fig. 3%DPPH  quenched-reaction time plot for thegffect of Extraction and Purification Procedures on
estimation of AUC andS® of gallic acid. the Rate Constant, and RSC of Natural Phenolics
Concentrations of gallic acie 8.49, 0.98, 1.46, The extract yield is defined as the amount of Zeedried
and 1.92 mg'ltop to bottom, respectively. extract (grams) obtained from 1 kg sfarting dried

Table 3.The Results of Area under the Kinetic Curve (Jlind Relative Radical Scavenging Capacity QRBr Different
Phenolic Extracts and Standards. D& in the Parenthesis are the RSD%

Fresh
Samples RRSC for each RRSC based
Concentrarion concentration regression
(mg I AUC (mmol gh? Slope Intercept r2  (mmol trolox/gy
Ratw red Pomegranate of saveh 25 102.4 2.9 33.9 26.4 0.9956 2.34
extracte 36 157.1 3.0
4.8 192.1 2.7
8.7 320.2 25
(6.9)
Pomegranate of
kashmar 3.6 152.9 3.0 34.1 294 0.9990 2.35
4.7 186.3 2.7
85 320.2 2.6
(6.8)
Pistachio of aghaie 7.3 191.7 18 18.9 36.6 0.9421 1.30
10.8 224.7 1.4
14.3 287.0 1.4
17.7 390.0 15
(12.5)
Pistachio of
kaleghouchi 6.7 146.9 15 20.9 10.0 0.9340 1.44
10.0 206.7 14
13.1 317.9 1.7
16.3 331.9 14
(7.8)
Pomegranate of saveh 14 65.5 3.2 58.0 -27.1 0.9732 3.99
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Table 3 Continued

Methanolic 2.7 109.4 2.7
treatment 40 217.0 37
5.2 276.8 3.6
(13.5)
Pomegranate
of kashmar 1.4 68.8 3.3 64.0 -34.1 0.9851 4.41
2.8 125.4 3.1
5.3 311.3 4.0
(14.0)
Pistachio of
aghaie 4.3 99.6 1.6 24.1 -15 0.9964 1.66
8.4 200.9 1.6
12.5 312.8 1.7
16.6 384.5 1.6
20.5 497.2 1.7
(2.9)
Pistachio of
kaleghouchi 11.2 231.6 14 17.9 34.7 0.9952 1.23
14.7 298.6 1.4
18.2 368.9 1.4
21.7 417.4 1.3
(3.1)
Pomegranate
of saveh 1.8 93.2 3.7 94.4 -59.8 0.9726 6.49
3.5 301.8 6.0
Purified 43 331.1 5.3
phenolics 5.2 423.0 5.6
(20.0)
Pomegranate
of kashmar 1.8 111.7 4.3 97.8 -49.0 0.9830 6.73
2.7 229.9 5.9
3.5 299.8 5.8
4.4 371.7 5.8
(14.2)
Pistachio of
aghaie 2.8 172.7 4.2 50.4 43.6 0.9958 3.47
5.6 341.9 4.2
8.4 466.6 3.8
111 613.8 3.8
13.7 719.1 3.6
(6.2)
Pistachio of
kaleghouchi 1.7 111.6 4.6 52.0 21.6 0.9935 3.58
3.3 179.1 3.7
4.9 291.2 4.1
6.5 360.3 3.8
8.0 434.1 3.7
(9.3)
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Tandards

Methanolic
treatment

Trolox

Tannic acid

Gallic acid

Pomegranate
of saveh

Pomegranate
of kashmar

Pistachio of
aghaie

Pistachio of
kaleghouchi

Pomegranate
of saveh

1.2
2.7
3.7
4.9

0.8
17
25
3.3

0.5
1.0
15
1.9

1.4
2.7
4.0
5.2

14
2.8
54

4.3
8.4
12.5
16.6
205

7.5
11.2
14.7
18.2

23
3.4

82.0
158.4
217.0
299.2

124.0
262.7
387.5
528.8

110.3
258.1
373.6
444.9

81.9
158.3
196.0
304.2

60.6
124.0
268.2

62.1
148.1
244.0
334.1
393.5

150.2
196.7
305.5
363.4

161.1
285.4

4.7
4.0
4.0
4.2

.7

10.1
10.8
10.8
11.1

(3.9)
15.3
18.1
17.7
15.9

(8.0)

4.0
4.0
3.4
4.0

(8.3)

2.9
3.0
3.4

(9.0)

1.0
1.2
1.3
1.4
1.3

(12.3)

1.4
1.2
1.4
1.4

(6.9)

4.8
5.7

58.1

165.4

235.5

55.0

53.1

20.9

20.9

94.1

6.6

-15.7

11.0

0.7

20.0

-24.3

-16.1

-46.2

0.9946

0.9993

0.9796

0.9624

0.9976

0.9955

0.9759

0.9902

4.00

11.38

16.20

3.79

3.65

1.23

1.44

6.4800
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Table 3. Continued

\Urified 4.6 399.5 6.0
phenolics 5.7 476.2 5.8
(9.5)
Pomegranate
of kashmar 2.4 180.0 5.2 75.0 114 0.9815 5.16
35 279.3 5.4
4.7 382.8 5.6
5.8 433.8 5.1
(4.1)
Pistachio of
aghaie 3.0 128.1 2.9 40.4 3.1 0.9998 2.78
6.0 243.1 2.8
8.9 359.4 2.8
11.7 475.5 2.8
145 593.0 2.8
(2.0)
Pistachio of
kaleghouchi 2.5 102.3 2.8 37.3 0.2 0.9912 2.57
5.0 182.0 25
7.5 265.0 2.4
9.8 377.7 2.6
12.2 407.0 2.3
(7.3)

3according to Eq. (6)°According to regression method.

byproducts [extract (g)/(kg dried weight)] in diféat
extraction and purification procedures. Such meatraet
yield for the ultrasound extraction step is 427 fegze dried
extract per 1 kg starting dried matter (g'kdm) for pistachio

The mean value for each assays for the samplefmebtafter
amberlite purification and methanolic treatmentatiek to
mean value for raw extracts was defined as relative
purification factor (RPF). The RPF of these assalysws a

hull and is 477.0 (g khdm) for pomegranate husk. While, the trend similar to the inverse of RMR (Fig. 4). Th®R mean

mean extract yield for the methanolic treatmenp $€351.5 g
kg™ dm for pistachio hull is 427.5 (g kgim) for pomegranate
husk and, after passing the first extracted mdtettarough
XAD resin, the mean extract yield for pistachio lhahd
pomegranate husk become 107 ¢ kign and 130 g k§dm,
respectively. As can be seen, for pistachio huthglas the

values for RSC ank, for the samples obtained after amberlite
purification was in the range of 2.6-4.5-folds (foistachio
hull) and 2.8-4.2-folds (for pomegranate husk), #ml mean
values for methanolic treatment was in the rangé.bf1.5-
folds (for pistachio hull) and 1.3-1.7-folds (foomegranate
husk) higher than that of corresponding raw exsraés the

residue mass ratio (RMR = extraction yield at eactRMR in methanolic treatment step is 1.2 fold (féstachio

step/extraction yield of raw) obtained after metian
treatment and amberlite purification are 1.2- an@-fdlds
lower than that of raw extracts respectively, whiebulted in
phenolic enriched extracts. Also, the corresponéiMRs for
pomegranate husk were 1.1- and 3.7-folds lower thah of
raw extracts.

The values for the rate constant and RSC for iiffesteps
of extraction and purification are presented abl€s 1 and 3.

hull) and 1.1 fold (for pomegranate husk) higharthhat of
raw extracts, then the RSC akdwill possess an increase of
1.1-1.5-folds (for pistachio hull) and 1.3-1.7-fsltligher (for
pomegranate husk) over the raw extracts. AlsoRIM& after
amberlite purification is 4.0 folds (for pistachiall) and 3.7
folds (for pomegranate husk) higher than that of extracts
and, consequently, the RSC agdevealed 2.6-4.5 folds (for
pistachio hull) and 2.8-4.2 folds (fornpegranate husk)

705


www.SID.ir

Stoichiometric and Free Radical-Scavenging KinStiedies of Extractable Polyphenols

Fig. 4. Effect of extraction and purification procedurestbe
extract vyield, rate constant, @RBSC of natural
phenolics. (a) pomegranate huskpes and (b)
pistachio hull samples (RPF = mean valfee each
assays/mean value for raw extracts).

increase over that of the raw extracts. These teshbw that,
by the progression of extraction and purificaticogedures,

Effect of Aging on RSC, Rate Constants, and
Stoichiometric Factors of Methanolic Treated and
Purified Samples of Natural Phenolics

Different methanolic treated solution and aquemwrsfied
samples of pomegranate husk and pistachio hull stered at
4 °C for one year to evaluate the stability of theinstituents
by means of RS, andny:. The data for the RS®; andny,
are also included in Tables 1-3, for comparisornlie fresh
solutions. As is obvious, no significant differenbetween
fresh and aged samples was observedkfand nr, values.
However, for the AUC method, a difference of ab?22% was
observed for different samples in a one year penwich
indicate that the AUC method can detect some diffees,
better than the other classical antioxidant methods

CONCLUSIONS

The H-atom-donating capacity of polyphenols can be
conveniently and quantitatively assessed from the
stoichiometry and the kinetics of their reactionthWbDPPH".
This study showed that the phenolics from pistathills and
pomegranate husks are fast radical scavengersveetat the
standards like gallic acid and tannic acid. Due the
concentration dependency mf;, as a limiting factor, one may
use the extrapolated value mf; at the highest concentrations
as a more precise value for this parameter. Usiagtoposed
method, the total stoichiometric factors are fowade 100-
110 mg of phenolics from pistachio hull and aro87d90 mg
of phenolics from pomegranate husk necessary fenching
of 1 mmol of DPPH’, the corresponding mass for gh#ic
acid and tannic acid being 28.2 and 30.2 mg, reéb@ig The
AUC assay used in this work does not have the problof
other classical antioxidant assays and also makessible to
compare the DPPH radical scavenging capacity dettad®n
different research laboratories. The higher phesdRSC for
pistachio hulls and pomegranate husks, comparedttier
antioxidants, indicates that these byproducts tiaegotential
to be considered as important natural antioxidaorces for

the RSC and, parameters will become larger, which provedthe functional food and dietary supplement markets.

that some
eliminated and a strong correlation among the wbfeRSC,

andk, and amount of residual mass has been obtaineatht e

purification step.
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