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Abstract

This study was conducted to monitor the quality characteristics of mate (llex paraguarensis) ethanolic extracts
via the response surface methodology. In the extraction conditions that were based on the central composite design
with variations in the ethanol concentration (0-100%), extraction temperature(35-95C), and the ratio of the solvent
to the sample (10~30 mL/g). The extraction yield and total polyphenol content improved with the increase in
the ethanol concentration than in the extraction temperature. The caffeic acid content increased with the decrease
in the solvent ratio. The coefficients of determinations (R%) were 0.8842 (p<0.03), 0.8729 (p<0.05), and 0.9205
(p<0.03) in terms of the electron donating ability, nitrite scavenging effect (pH 3.0), and SOD-like ability, respectively.
The estimated conditions for the maximized extraction, including in terms of the yield, total polyphenol content,
caffeic acid content, and electron donating ability, were a 21-48% ethanol concentration, a 76.4°C extraction temperature,

and 10-14mL/g solvent-to-sample ratio.
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Table 1. Level in extraction condition for mate based on central
composite design

Level
-1 0 1
Ethanol concentration (%) 50 75 100
Extraction temperature (C) 35 50 65 80 95

Ratio of solvent to
sample content (mL/g)

Extraction condition

(%)

<
(o)
W

10 15 20 25 30

FARREEEA

A187 A3ZE (2011)
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(forced convection oven, Jeico Tech, Korea)< ©]-8-3l 10
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HPLC pump, 486 Tunable Absorbance DetectorE 43
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W3 & 83333 %A (Ultraspec 2100pro, Amersham Co,

Sweden)Z AM&3lo] 525 nmell A R EE 23389 A
AFA EHE 2250 Hrl A - 5o ol WEZE
e AT

EDA(%) = (l—i)xwo

B



Optimization of Extraction Conditions for Mate (llex paraguarensis) Ethanolic Extracts 321

Table 2. Central composite design for optimization of extraction
condition for mate

g S M

() (©) (mLjg)
! 2300 S0¢-1) 15(-1)
2 25(1) 80( 1) 15(1)
3 701 50C1) 156-1)
4 QY 80( 1) I5¢-1)
3 =Q) 500-1) 25( 1)
6 236D 80( 1) 250 1
! (D 50¢1) 25(1)
§ (1) 80( 1) 25( 1)
’ S0( 0) 65 0) 200 0)
10 S0( 0y 65( 0) 20( 0)
i S000) 65( 0) 1002)
12 S0( 0) 65( 0) 30(2)
13 o) 65( 0) 2000)
14 100( 2) 65( 0) 20 0)
13 50( 0) 3(2) 20 0)
16 50 0) 95(2) 20( 0)

The number of experimental condition by central composite design,

o , 1 mM OVE‘*&‘%EE %‘—"4
1 mLel] Z-2+e] %%%; 2 rnL 7Fka 3719 0.1 N 4t
(pH 12) 2 02 N 74t b8 N (pH 3.0, 42)S 7 mL
7¥sto] whg-gole] pHE 742} 1.2, 3.0 B 428 sl
Hhg-golol Rul g 10 mLE k) o) & 37TolA 1412E
Bt WhEAIT O WA S 1 mLA HekaL o7 2%
%4+ 5 mL, Griess A 2Hacetic acid®l] 1% sulfanylic acid}
1% naphthylamine2- 1:1 H]-&2 &3 Ao A& A A
AZ) 04 mLE 718l 2 EFAIA 1583 A-olA 83
A7l & £33 3 %A (Ultraspec 2100pro, Amersham Co,
Sweden) = A}&o}o% 520 nmol| A FHEE =l 7=
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N#)=0- %
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A : 1 mM NaNO, &l Al85 Frlske] 1A
71 39 FH%
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1/\17} a}_Q./q;r] 64 %%E

C: N8 F&25 29 3=
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Table 3. Experimental data on yield, total polyphenol, caffeic acid content, electron donating ability, nitrite-scavenging ability and
superoxide dismutase (SOD)-like activity of mate by central composite design for response surface analysis

Electron donating

Nitrite-scavenging ability (%)

Exp. Yield Total Polyphenol  Caffeic acid ability SOD-like activity

number (%) (mgfml) (m/mL) %) pH 10 oH 30 pH 42 %)

1 28 14347 52.12 83529 94,528 86,028 50712 30351

2 299 15519 58,055 85,661 95694 87923 51.856 32380

3 318 8.194 46.13 78,870 87639 79.176 42709 18.635

4 30 8820 5251 81,159 8694 70834 30,044 33764

5 198 9.129 344 80,035 88 694 78.709 44468 11070

6 240 11059 3895 83210 89417 79503 48318 12823

7 160 10625 25776 84,804 93,056 74310 35,585 16513

8 161 11,185 07 85235 04 444 76,504 32419 13.007

9 180 11742 4091 87494 9.1%9 78878 M2 20203

10 261 11527 3064 86,002 95,694 83347 48,690 2.5

1 48 21534 68.15 84,830 97.1%9 76,892 50,800 40683

2 180 8.141 3447 81,184 89,167 7540 36376 9410

13 180 11.8%3 3631 80361 83611 83843 31715 8856

14 040 3807 2028 72913 84. 694 55,045 24063 0613

15 179 11.969 3125 81770 90258 83,049 41653 12269

16 475 18059 66.17 84.126 9722 76792 51,530 40775

"The mumber of experimental condition by central composite design.
Table 4. Polynomial equations calculated by RSM program for extraction conditions of mate
Response Second order Polynomials '3 Significance
. Yy=10.375625+0.082492X,-0.128792X:-0. 538792 0.000442X,-0.000243X X, ,

Yield +0.001183%:2-0.001570X,X5+0.000683%5X+0.01 1050X; 0.8676 00433
¥rveS6.687708.0.164847K,-0.4106TX, 24757 17X L0015 16X 0.000639K, Xy

Toial polypherol +0.003755X;+0.014474X,X5+0.001 53X:X5+0.032030X:" 08422 00682
o Youe128 21638940 338663K,-0. 84795 1%,-5 961438 X 0.004T92X 0. U945 X, X,

Catfeic acid content +0.009372X,"-0.003355X,X-0.0013750753X:X5+0.1 10350X:" 09502 00029
N Yion=54.767861+0.098609X,+0.676376X+0.752970X, 0.004044X 0. 000892, X,

Electron donating ability 0.004222X,+0.016045K X»-0.001508X:X,-0.037410X,” 0.8842 0.0304
Y602-08.007368-0.023887X+0.14761X,-0.7 128920 004644X -0 000309, Xz

pH 1.2 0.001404X:7+0,025028XX;+0.002733X,X-0.022635K; 09215 00105

Nt 30 ¥yp20792.883639+0.101486X,-0.065718X.-0.100137X+-0 0046670 002916X, X, - 00389

scavenging abilty  PHL > 0.001324X,0.016633X,X5+0.015875X:Xs-0.049655K; 872 :

Yonez=41329618+0.928676X,-0.005335 X 0.86896X%:-0.007529X -0 006942 Xy

pH 42 L0.000133X,+0.005033X, X5+0.020342X:X-0.031230X: 0.8430 00673

50D ke ety Ysop=37 679965+0.143114X 0, 128526 X1 ST5T46 X 0.006852X 40 002614, X, 09205 00109

+0.005176X,"+0.015959X,X3-0.031518X,X;+0.031830X;"

*X; + ethanol concentration (%), X; :

fFejAdol AFEATE 167] F7ol A 2]
4.82%°| N3, Z
gl gt vhgEH 27 Fg 19 YeERASIcE
of tigk Smu|Role oehg Fko] 2o

T A

extraction temperature (C), Xs

ratio of solvent to sample content (ml/g)

ZZ2z7d Bz, Aoz eyt o2t Aabe
7tzte] 2o e FEEY 7MY ¥R e
Z A7 AZre] FgFrThE oighs
& W= dthe Boel e AL Uehigth

Park 5(25)9] b= o&E
Azl g &ofule} 2

Tl 3 dFe gol W



Optimization of Extraction Conditions for Mate (Hlex paraguarensis) Ethanolic Extracts 323

RS E‘%!C U caffeic acid &ate| wis}
gakslzt 88 JixE ZoHERde caffeic acid,
chlorogenic acid, ferulic acid, p-coumaric acid, syringic acid
9 vanilic acid 5°] $1.2.™, phenolic hydroxyl 1& %]
ol e gaddd Ve AdEAES A3ete A
Aol slvk A AL A o3 mate A ¥HE FE2UE
% EujvEde Table 3049} #o| 3.807~21.534
mg/mLe] WG om, HAuo] g whg-uH 3729 R
% 084222 10%°]H 8] Fel=EallAl Q1% = Y ThTable
A7) 22z W F FeH e gl v
W A3 Fg 19 YRk & 3
OH gk gufpie}l e T B .
T U Park 5(26)9] HIE Af# o L% FEx0 4
A F ZellEdEe FELT 2
g 2 99 20 Eno 448 49 denitteh
??l“ Ze)9 57} quercetin, kampferol, rutin3} 2
= 5 vhe| phytochemical & FH8lil gl
o, ‘—eri /‘gﬂ} 2, 4 R ”}Uro] caffeic acide 3443},
ol rairtal Bas
3 YTH13,27). Mate o gh& —r%}_ﬁ H caffeic acid¥HEe
Table 39|14 9} ZFo] 20.28~68.15 pgmLe] HH o, &
JM) g ¥k H 3949 R 095022 1%<We] &
FrolA AP EATKTable 4). A 50 et Guful 7t v
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A& DPPH ozt Arigoer &%3slw, DPPHW &
tocopherol, ascorbate, flavonoid 2}3h&, WEFE ofWlf,
Maillard® 29 BAEZ, peptide 59 It &5 e
e el g B o8l SugoR2A & Aol LA
d& Jxo et date 898 AT FoR S
Wom deA Urh29).

Mate HERS FE&2H ) whE A3 "01 =2 Table 3¢
vehfglon, Axgels watel ek ¥-&3EW L Fig.
19 Jehit) 2240 2lo] Al ﬂﬁ} Buu], o

B2 s, FE T mE AxkgolFe W] g 5t
S 3 A4 Table 49} Zom, AxFolgol gk 3
FA2le) R 0.8842% 5%oliel felFEelr Fejidol
A H ek Mate F=E9] -’7‘*% 2] ik gk gt
& eo A 4TS W I ASE JEPSTH(Table
5). o] &gk A 3}= Yoon 530 94 %1’}’: b ez A A
g 5ol dehE Fiol od] A JakE Wal vk
Huel e A4S e on, gk Vel ¢
B 527} 30~-40% 2 FAREE Aol ik

oY 2752 g
obdArd & YERZANIS AFA] nitrous anhydride
N0y 22 4 UEZAS £2& e, ©] nitrous
anhydride”} 22} o}¢13} A gste) ekl N»nitrosa]mne

“:sﬁ NS FE 40~50%14 7HE Ee-e Blssitt & AAshe 208 oA UrhG13). Kag S
(Fig. 1). Lee 6(28)2 5 79 E4535E9] caffeic gk3 5}8HE-9] polyphenol SHiHE©] o}z AMH & ,&Zﬂ]r/@, ©
acid¥H& vlsmol A A& 100 g 71522 0.11~0.87 mg©] 2 Faste] ‘3___, &4 nitrosamine2] A4S A gt B
FrEo] vty Rttt Mae oflgtes 3289 & ‘5}&’1 COlER YERA Ao 714Ql ofvlt AAA
o i dFe odete v %% ® Hre 2 Zgah, AgAA AEE 457k B2 9 pHl
Suiule] AA JTFE w1 Y Aoz YEREY 946}1 G ks Wweth HTddw HERAR A4 Q1A
(Table 5). 9] ggo] o HAAFZEA ol AT Uigh
Table 5. Regression analysis for regression model of physiochemical properties in extraction condition of mate
F-Ratio
Extract condition Vi Total . . Electron donating Nitrite-scavenging ability SOD-like
feld polyphenol Caffeic acid ability pH 12 pH 30 pH 42 activity
Ethanol concentration 137 318 379 1049” 112" 926~ 584" 311
Exdraction temperature 215 14 654" 174 046 052 0.63 347
Ratio of solvent to sample content 481" 359 1503 320 644" 124 12 907"
“Significant ai 10% level ; “significant at 5% level ;  sigmificant at 1% level
HMRE0{se wsl A7} o] B0l A3 9rk
Axpged e 4 iz dAE Fojsta AE 79 FE20 whE obd kg A% Table 30 WERNS
A AskE dAlshs R o AMEEH, QA oA o} pH7F RS E ofdA ATl S8 e, AR
24 oz 9% w312 AN AL o R o)y o] & guju| 9} 2 ewo) Qe maldh YEhA)
I AH13). 2 2AZRS-S Al AR} wilE A ororor} JErs Fwst —7}‘4 2 oldad aAse
]_

et geke) 209 ATL ik wekA] AATels &

Yol S o 4= 9igie). pHol A L7l gt
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0.8729 2 0.8430°] 1, 10%°| <] FfgEolA FelAdo]
A=A pH 2ol WE mate] o} Z A A7 S0 A]
-5 1Ol pH 30 (Fig. DolA & Alfol gk gufn)7}
w3, des gt FATFE ofdld AA Tl Tt
8}ATE Table 5914 Hi= ule} Zo] ofd ik LA Fo

F5279 93 pH 2104 Jd8e vt 4
J8ko] & Ao & Uehsith Noh 5(31) ujuha) ) 2k
FEEY olHAE AATO| pH/t WS E wrha Ha

vield (%}

@eimk)

Galffeic acid content

(%}

2

Ni\r‘ne—scavenging ability

AAFEE3 A A18F A3E (2011)

a3, Lee T34 A, ok A=, dl2F, AaF
2 B 7o obditd Eal Aol pH 120014 7H AnhaL
Bug v glem 19 B AT A= W pHellA 9
obditd AATe] S & ULk obd T of
RIF7E Whgate] Add ot

S EZARLE 7k 271
£3] oA} B5 el pH 27004 folatA s
72 v of@hg FEEo] Fatg FxdstellA ofdlle] el
So] AthE AP S YulolA YEZALS] AA A 9
71oi e et A ztet

o«
&

)
3 p

Total polyphenc’ (mg/mL.

o}

Electron donating ability ¢

SOD-Hike activity

e 10
Con, tont m, /o)

Fig. 1. Response surface for the effects of extraction conditions on yield, total polyphenol, caffeic acid content, electron donating ability,
nitrite sacvenging activity, and SOD-like ability of mate (Ilex paraguarensis) by ethanolic extraction.
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Fig. 2. Superimposing contour map of optimized conditions for the
yield, total polyphenol, eaffeic acid content, and electron donating
ability of mate (flex paraguarensis) as functions of extraction
concentration, solvent ratio and extraction temperature (76 C) by
ethanelic extraction.

Table 6. Optimum extraction condition for response variables
vielding the optimum response by superimposing of the response
surface

Extraction conditions Optimum ranges g}%ﬁﬂ;ﬁ
Ethanol concentration (%) 21~48 35
Extraction temperature (C) 76.4 76
Ratio of solvent to sample content (ml/g) 10~14 12

SOD ®AHEY

SOD= AA WellA O, (superoxide) el 3o sl
BAG)EA AAE FA e A Ul Akl Aol
£ Z#foA HEER o] 45 dAlsky] ¢35 SOD A
A€ Ad AdE 2AE Jdshed A7) ol FolA o
AUTh F220l wE SOD A4S Table 39 e
Rom oehe T 9 FEHLwd w2 JekErhs Sy
o B YT S o & UUTE SOD HAK e digt
25 3)H4 L Table 49 2t} SOD fFAFEA o thgh
37419 R 0920505 5% Uel| A frefdrdee] ol 4w
At} SOD FAFEA ) vigh ¥he-a -2 Fig 13 Z2on
30-50%<] &b oA gufrld] F2 FEE e A
S 2 Ve 529 9T Table 50141 Zo] A]
o] tigh £ufH] o} FE22 o] G Wta Jle AS

R on, o ehs o] thek e win|sislt

f

i

25 25z olE
Mae®] £22AS AA31el7] Sllo] 2&Fe] 540l

A 2550 48 & ZeH 5, caffeic aciddH,
b )8l contour mape superimposingdH] 2
27 W9 E d &89t} Fig 20049 &o] vhe-Ed
FHyg Brol yole 22 Eo] ZABAANNHEST, Y~
Y)g oz S 45 e Fx 21~48%, FEL
a9
Q
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