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Abstract

The purpose of this study was to determine the optimum conditions of solvent extraction type and solvent concentration
(60, 70, 80%, v/v), extraction time (30, 80, 130 mins) and extraction temperature (10, 15, 207C) in order to increase the
antioxidant activity of the chia seed. The total polyphenol content and DPPH radical scavenging activity was measured by
using response surface methodology (RSM) to establish the optimal conditions. Using ethanol and methanol extractions at
extraction concentrations of 60%, and time and temperature of 130 mins and 20°C, the maximum total polyphenol content
was 871.00 mg% (R*=0.9507) and 557.70 mg% (R*=0.9784) for ethanol and methanol extraction respectively. Using the
same extraction conditions, the maximum level of DPPH radical scavenging activity was 72.14% (R*=0.9675) and 52.79%
(R?=0.9524) for ethanol and methanol extraction respectively. The results indicate that ethanol extracts showed a higher
antioxidant activity than methanol extracts. The ethanol extraction conditions of response surface analysis (RSA) were
affected more by ethanol concentration than by extraction time or temperature. In contrast, the methanol extraction conditions
of response surface analysis (RSA) were affected more by extraction time. Based on the RSM, the optimum ethanol
extraction conditions were the following: extraction concentration, 63%: time, 100 mins: and temperature, 18 C. The optimum
methanol extraction conditions were the following: extraction concentration, 65%; time, 120 mins; and temperature, 16°C.
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M E I e Ao E AR AE Abst AA =R A+E7] AF

StH3(Taga & 1984), X|otK| ] m| QA FE2oA 2Ud

X oV (Sabvia hispanica L)%= ‘chia’g} E2n, X=z27|1}
(Lamiaceae) 2] WE <£of 1WA A& 2(Cha KY 2011), X0}
100 gofl Aol 39 g, ©d 14 g, AL 31 g, 7|6 o=
o|Fo|A Aol 7t @ol & o] 13L(USDA 2010), o}
R O] AL FARA O] 25-38%F A5, Bof| £ 2
Z3}AHMAE] a-linolenic acid7} Wo] 3Hg-E o] gtk gich
(Ayerza R 1995). 0]} Zro] TiEo] BEBIAHARS 717

F9 3HE 2 = quercetin®} kaempferolo] 1.2 ™, caffeic acid
9} chlorogenic acid= As=2 £A51E L g (Reyes-Caudillo
S 2008). Z|otM = FHAREE A S 7HAIAL o] = W
g 282 sh7] 2ol Az Ao] axjoA Fadt aa
7F 8 4 Itk Bk m(Orona-Tamayo 5 2015), Ao Al
ol o Hu|oqy H A g BE B 4 glo] X|okx
EES A7 Ao 2= A oj Fti(Lee SB 2013). EFF
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7153 AR EEFo 2 Xoky AL AR A /o] = (Bomeo
%> 2010), FFAt FIARA 2o FAES AT of
o|AF Y(Campos 5 2016) o= X|otRE ARSI 1
23 o ERE &3 ARV OE AREGE T
SAARA ] 7FsA3S E % 3 (Timilsena - 2016), X[obx] 3
HEZHE ABAFSE edible filme] FAES g 4= 9t
(Dicka 5 2015).

2ol G4 Zhgofl digt AEo] 7KL Qe
Alolct. =}, -FF SAHLee 5 1998), A1FA|(Koh 5 2005),
EB2KCho E 2005), ZF=(Kim £ 2006), %7] Q(Kim =
2007), AFAHNam 5 2015) 5 otFe A2E PFo= 3t =
EEE9| bt I digh A7 AU, AFE7](Lee &
Lee 2015), A™(Lee S 2015), 20]ZHKim 5 2009) S-9] A=
oA &8y FE2AE DSty A4S E4E =9
12} Sk AL o] FOJA| AL Qe o] 27t =REY F4LE
271 &4 A FE89E gEE E gL, WS go
ARSI QlTh Baote] gkt 28 fla) o, Higt
<, oHIE, Y Yl 7HA] &8, 2819 &} 4tk
FE2E, FEANE 24 & 2 AR 94 g2 60%
O ES R 25T A 180 &3 Aol 7P ditetgo] &
2 FEZHASZ YEFYTHMokrani & Madani 2016). 2ra %
7R A5t EH S Q9 Eoge e vES g
gJste] EAg Ak, ¥ wls e HH 242 0503750.125
(wowtwt) 2 UreRL, 3 71A] S 2 &5 HH S ofy
g}, F 712 ol4ke] SR vl&E FEste &5k S
HojFo|(Handa 5 2016) 3PALSE oA E, oehE, e

Ir

=

Hotw Gt B

4 FE

2145} 229

(pH 8.0, 80C), 2A|17t & E9] F47} &A3] E%7] wi&o
2ot o] BAZF A2 {FA AL stof(Mufloz 5 2012) ]
obR| 9] FELUE ARESH ol Y SeE S LA
Aesfjopd Aol

o] A Z|opX| o thigt 4t L] A= wlEE A4
o)L, gufjo] FFof whE FAkSt 9] HH FE2x0| o
g ATE e AAolt) wEkA B A XobH FAkst
S AEsH] skl 228U FFY B AL 2%
£ geoty A 84 AEE a5k, SR EHEA

=
o
=

A &2l X]o}(chia seed)= 2242 £2FE
oA FAstR e, 2014 0] FEtTpoof A BAME AL F
QJ5te] 7449 E&)7](Hanil HMF-600, Korea)2 E-4] =, 20
meshA| & FIAA Ao AREsFATH

2. N2 F=4H

A& FEWUHLE XotK 10 g& FH3to] wedt o
(60, 70, 80%)= &M= AREIALH, FEFA = 5, Al
7k AL 2 24T 4= 9= shaking incubator(Vision Scientific
Co., Ltd., Buchon, Korea)& ARSI ojuf 2= 242 10T,
15C, 20Coll A Z+2F 30+, 8042, 130 &<t =33tk 5=

o= TEEME Fol ARgdtE AE & 4 AT Ixtaina 2 Aste] 559 kst 54
20119 2Joby 715 EATAA n-B4L, acetonitrile, %
A} e 328 7| BFEEOR AEHAL, AT 3. &3 ANaE Qs MF A
2742 HPLCE: o] 4:3) £455907] 2] o} acetonitile g 22279l AHskE K717 Hotel 22 A
T ZAS O|FHOT AMGS] AW FAF B4R B A FANS FATHAT uet SYHRCOE HE 5=
Fol A Bk, Ak} e IS 2EGUIE ASHTHE A HI(60, 70, 80%, X)), F3 AIZH30, 80, 130 mins, X)) @ 3
o 5 gith Aot B3 vhid BRe nEAY o 2E(10, 15,200, X)2 3% 39 £ WL 443 5
SR 2EHIAA 8019 AEFL ZAS Halin & G SHELO®, Table 13} o] 3TAR RE3kste] 20740
Daniel 1994), ofuo} B9 vl &-& 14002 jo] 2Eatd 2 F3 3L Ak o5 2o ) FFL Wi
Table 1. Level in extraction condition for chia seed based fractional factorial design
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Xy -1 0 I -1 0 1 -1 0 1 -1 0 I -1 0 1 -1 0 1 -1 1
X, -1 -1 -1 0 0 0 1 1 1 -1 -1 -1 0 0 0 1 1 1 -1 1
X3 -1 -1 -1 -1 -1 -1 -1 -1 -1 1 1 1 1 1 1 1 1 1 0 0

X,: Solvent extraction concentration (%o)
X,: Solvent extraction time (min)
X;: Solvent extraction temperature (C)
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Aoty FEHEY FAke A0 B FEHUTEE FEE
o] 2 &= 3FE(Y)T DPPH o]zt 2AZA(Y)S 4

o2 HALHNGAL o 5L 247} 33 W ZHste] Y7
e AARY AgsHgon], AANS thet 2k

Jl
:

Y =bo+ b1 X; + 5 Xy + b3 X3+ b Xiy + bpnXop + b3Xas
+ b12X1X2 + b13X1X3 + b23X2X3
olu) Y& F4usna Sujz 2ET Aolue st
EAO|L X, Xo, Xs= FHHFTEA Bu|RERA, bt
HAA S0l

1) & E2|Hl= &2

% Zo9& =2 Folin-Denis¥ ol @&} Folin-Ciocalteu’s
phenol reagent7} 2t A129] 354 B3tEo] o5 AT 2
% 28 Puom WA A AN BAsAT
(Hong 5 1995). Z+ A 2|27 X|opx] /\li 80 uLell 2%
sodium carbonate €94 100 pLE 7}3t & 587F U3 &
50% Folin-Ciocalteu reagent(Sigma-Aldrich, St. Louis, MO, USA)
20 uLE 7Fskeh Aol A 3023t WA 3 750 nmofl A &
P2 250, oy tannic acidE o]-&35te] ZHAIT ®
ZT (RS y=0.0086x +0.103132, =098, uﬂE}i y=0.0086x
+0.1130, R*=097)0.2 HE % Zoju ke 7kt

2) DPPH EICIE AHS

F2E0) st B S 9okl AexAu=
DPPH(1,1-diphenyl-2-picrylhydrazyl)o]| ©]3t A X555 (electron
donating ability, EDA)2 Blois MS(1958)¢] WS W35}
233kt &, 1x107* M DPPH(Sigma-Aldrich) £-24(99.9%
methanol®]| €-3f)) 150 pLE X|otX] =&E /\]E_ 50 pLet &3t
afo] Ahe] Qraol A 3087 WSAIZ] T 517 nmoll 4§

2 275190} ofuj Alo] BEEE 7t A= g SUE
o] Zpol = Zizre| fujute] FHEES ZHotel B 23
3, DPPH 2}jzt AASS the
A&,

DPPH 2t £7%(%)=

FHAT FYE - AT FRE

TR T F A A0
5. EHA]
7t 222709 38 ol WhE AT Ao tfate] SAS

(statistical analysis system, Version 9.1) Z213-& 0]83}4]

=

)

% A=A FITEA
W83 H B2 X (response surface methodology, RSM) 2.2 A1 A
skith ZF Aol gt oA 3L BAEAES T F
p<0.05 £=Z0]| A Duncan's multiple testo]] wha} A3} =&
279 o Z4< Hasih

2ot % o

1. & Edlul= &

NeET HHL ] &, 229 AHE FE221S Y
sto] AJopy 2 T EYuls TFE ST 2T, Table
2 9 Fig. 13} Zo] yetgth ot o2 552 5 &
2|8= 32 ANOVA test?} Duncan A} 4% 5t A}
NEHE 2EL% 60%, 2EZAIZF 13087 2525 20Co||A

871.00 me% 7P Be Bk Uehom, A, 3083} 10C
o A= 258.66 mg%(F-value: 33.745, p<0 0002 7} A&
e BATHP<0.05). TS FEEo|AE oﬂ%-g— ol

HEHE 2EAT 3 %9—5 EE5E 1 Cad
goFo R 2GS vyon, 71 250 1 A& o

S SEL 0% FEAVE 1308, FELEL 00UL
& 5 Aok E3 AT Koby & A F ZeuE o
F2 60%, 13023} 20ColA] 557.70 mgh2 7} w2 3
< B9om, 80%, 3052} 10T ol 4] 269.22 mg¥e(F-value: 14.97,
p<0.000)E 714 HL ke B Yohp<0.05). 11} weke
FEE F ZEvlE THF2 60%, 1308, 20T ===x4
oA Hehghe B oLk 2 AR LA 70%8t 80% ]
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Fig. 1. Total polyphenol of chia seed by central com-
posite experimental design for response surface analysis.
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Table 2. Extraction total polyphenol content and DPPH scavenging activity of chia seed by central composite experimental
design for response surface analysis

Total polyphenol (mg%) DPPH (%)

Response variables

Ethanol Methanol Ethanol Methaol
60 30 10 468.76+47.311 378.52+18.6%" 41.00+2.64% 30.43+2.13%
70 30 10 333.05+47.66" 299.07+5.29 36.36+3.31" 26.40+0.17'
80 30 10 258.66+27.10™ 269.22:+46.66 18.94+0.96™ 19.89+1.01
60 8 10 483.80+49.43°h 444 3942900 42.1742.53°" 38.41+3.37%
70 80 10 433.04+48.81" 385.00+35.15"" 37.6542.928" 36.34+0.94°
80 8 10 287.38+31.42™ 323.37+44.46" 22.60+2.47' 33.28+1.35%"
60 130 10 503.74+29.75%" 517.74+30.18® 4531+1.29% 48.56+0.32°
70 130 10 436.58+40.88" 456.00:£39.40%% 40.82+1.74% 46.55+1.31%
80 130 10 308.91+25.78™ 435.75+37.52%% 30.13+0.71% 37.83+2.23%
60 30 20 568.87+42.10 434.79+13.95%% 52.93+0.58° 33.38+2.59%"
70 30 20 473.38+38.22°h 399.07+22.96° 37.39+1.25" 38.6742.19%
80 30 20 387.73+46.34% 314.23+49.63" 29.25+1.10F 32.16£1.318
60 80 20 644.38+38.94° 469.73+13.83>¢ 57.99+2.05° 44.75+0.72¢
70 80 20 547.65+66.10°* 406.64+28.41%% 46.02+3.63¢ 40.61+1.83¢
80 80 20 411.82+49.45Y 374.85+39.362 33.25+2.48" 35.22+0.83¢
60 130 20 871.0032.05° 557.70+67.47° 72.1442.92° 52.7943.27°
70 130 20 587.37+44.83™ 518.05+49.12® 52.65+1.41° 45.3442.88>
80 130 20 521.69+35.45%F 506.60+37.13"° 41.7442.66 38.58+1.83%
60 30 15 500.86+23.85°" 402.84+29.24%" 47.08+1.04¢ 31.46£1.08"
80 130 15 511.63+31.49% 515.98+24.06™ 38.40+1.69%" 35.89+0.77°

Y The number of experimental condition by central composite design.
? Results were expressed as the average of triplicate samples with mean+S.D. (n=3).
® Any means in the same column followed by the same letter are not significantly (p<0.05) different by Duncan's multiple range test.
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Fig. 2. DPPH radical scavenging activity of chia seed by
central composite experimental design for response surface
analysis.
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Table 3. Determination of total polyphenol and DPPH
radical scavenging activity in chia seed

Reeression R- F  Probability
& square  value >F
Linear 0.9034 15499 <0001
Quadratic 0.0030 0.18  0.9050
Ethanol

Crossproduct  0.0443 2.70  0.1086

Total Total model 0.9507 19.29 <0001
polyphenol Linear 0.9435 131.08  <.0001
Quadratic 0.0225 3.13  0.0803

Methanol

Crossproduct 0.0124 1.72 0.2314

Total model 09784 4531  <.0001

Linear 0.9257 8535 <0001
Quadratic 0.0058 0.53  0.6705
Ethanol
DPPH Crossproduct  0.0360 332 0.0707
radical Total model 0.9675 29.73  <.0001
scavenging Linear 0.8750 59.79 <0001
activity Quadratic ~ 0.0217 149 02832
Methanol

Crossproduct 0.0594 4.06  0.0444
Total model 0.9561  21.78 <0001

FeFe L 22 =u A7} 29 FZ-E 38.89, 10.95, 18.69
FE2527t 7P 29 Az 2 JFYES FUI, theo
= E2E7F 4FEE Fot vgE 552 DPPH 2oz
275N E 3| FEAE TN Table 3~5), ZHAl5= R*=0.9561
2 F940] JAFEA LB (p<0.0001), PRI} Aol F
FEL A E AL & F AATHp<0.001, p<0.05). EZF

HU

d =& 3 233

AHEA AT} Y=38.34 - 4.28X+7.39X,+2.43X; - 1.98X,X;32] |}
Hae dglon, ol 2EZ A oEhE & E(F=20.32)0]
A &0 AT A 2 GaEe Foow, theo] F22E
(F=17.49) 274024 DPPH gz 2452 Z71A 7|1
GG FUHE000]). BRHOZ o F22AL o] &
3 3 Eejsls Y DPPH )2 2A5 L 35 %
7 g0 AR Y 2 UYL FUL AT FEEA

Table 5. Analysis of variance for total polyphenol, DPPH
radical scavenging activity of extracts on chia seed

Factor df Sum of squares F value

X, 4 160,469 2032

Ethanol X, 4 59,589 7.54™

Total Xs 4 138,159 17.49™

phenol X, 4 29,541 27.03"

Methanol X, 4 70,438 64.46""

X; 4 12,720 11.64™

X, 4 1,578.238 38.89"

pppy ~ Ethamol  X» 4 444.285 10.95™

radical X; 4 758.631 18.69™

scavenging X, 4 255.820 11.32"
VY Nothanol X, 4 75762 3211
Xs 4 154.417 6.83™"

*Significant at p<0.05.

“Significant at p<0.01.

"Significant at p<0.001.

X,: Solvent concentration (%), X,: Extraction temperature (C), Xs:
Extraction times (min)

Table 4. Regression coefficients of predicted quadratic polynomial models for the different response

Polyphenol DPPH
Parameter
Ethanol Methanol Ethanol Methanol
Intercept 450.679583"™" 385.240417" 40.728333™" 38.342500"
X, - 113.695833™ -48.237500™ - 11.302500™ -4.280000"
X, 61.569167"" 74.745000" 5.570833"" 7.393333"
X3 83.332222™ 26255556 6.044444™" 2433889
XX 7.882500 8.269167 - 1.107500 -1.878333
XX, -19.111250 12.096250 0.020000 - 1.647500
XX, 8.632500 23231667 1.677500 -0.553333
X:X, - 13.472500 3.814167 - 1.834167 0.120000
XX, 30.110833" -2.368333" 2.247500" - 1.976667"
X:X3 12.077083 9.910139 -0.118333 1.011389

"Significant at p<0.05.
"Significant at p<0.001.

X,: Solvent concentration (%), Xp: Extraction temperature (‘C), X3: Extraction times (min)
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