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Abstract

In order to reduce the damage of effective components during processing, we canied out hot-water extraction monitering
in Gastrodia elata Blume by response surface methodology. The extraction conditions for vanillyl alcohol, vanillin
and coumarin were optimized at 91.07, 93.73 and 96.30 C, for 2.64, 2.58 and 3.84 hr, at the concentration of
15.16, 21.56 and 19.88 mL/g, respectively. The optimal condition for extraction of total phenolics was acheved
at 98.14C, 3.20 hr and 18.63 mL/g. This study elicited regression formula for each varable, and superimposed
the total optimal conditions of extraction for effective compounds and optimal condition for antioxidant characteristics
dividing processing factors. It is shown that the predicted results under the extraction condition as follows: extraction
temperature for 90~100°C, extraction time for 3~4 hr, and solvent volume of 15~20 ml/g of sample.

Key wonds : Gastrodia elata Blume, extraction condition, effective component, anti-oxidative characteristics, response
surface methodology
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Table 1. Experimental design of hot-water extraction conditions
for Gastrodia elata Blume

Extraction conditions 2 i 0 1 2
X; Temperature (C) 60 70 80 90 100
X; Time (hr) 2 3 4 5 6

X3 Solvent per sample (mL{g) 10 15 20

714 Y& F50EE, X, X, Xs' SHEMW
F, b= AHA, bne 3 AAFo|Th

3| Aol o gt 2ell )9 of 52 SAS(statistical analysis
system) program(18)2 ©]-&-3t 2.1 3|AEA A3} A
o] Aol AG HaHo] ohlm Y Afele
TAEME st HAA S Fetnh =3 7 53ESTL
ZE&EWM S R gL 4SS 24 E bige
Mathematica program(19)% o] 3] 4719) 3 E e 1A
oz st

Vanillyl 238, vanillin ¥ coumaringz 24
Vanillyl alcohol, vanillin 2 coumarin®] ¥#29(20)-> Table
29] 27| e} HPLCE o] &3t #A8t%ith. Vanillyl
5., vanillin 2 coumarin(Sigma, USA)e] 53-8 X%
9] retention time¥} Blwale] A stR L, T AsEA

7ol oA AE FFez JeEhhd.

Table 2. Operating conditions of HPLC
Conditions
Shimadzu LC-10AT

Specification
Instrument

Column  XTerra RPyg (3.0 x 250 mm, pore size 5 um, Waters Co., USA)

Mobile phase A : 2% Acetic acid, B : Methanol
. B : 15% - 40%(22.5 min), 40%(4.5 min) - 63%(13.5 min),
Gradient 63%(1.5 min) - 99%(10 min)
Flow rate 0.8 mL/min
Detector UV 254 nm

=
o] Folin-Ciocalteu A]2¥ 2 mLE 7}3le] &8 3}q1, 3% &
10% NaxCOs 2 mLE o} H83tm 1417 Aol A Ajst
of 700 nmol|lA FFEE SH3ch o]l Wl EFEHEE
tannic acidE 5~50 pgmlLe] 52 ZA|sted A2
2Zh el A8-atth
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A8 8-Me) M AEa S(electron donating ability, EDA)
A8 & q,a-diphenyl-B-picrylhy drazyl(DPPH)E A}-8-3+
Hi22)o 2 243t &, DPPH Al 2}F 12 mg-< absolute
ethanol 100 mLoj| £3)3 ¥ ZF<4 100 mLE 7}8kar 50%
ethanol 8-S blanks. 3}¢] 517 nmellA] DPPH £-¢] &%
£2 o 1002 243k o] §9 4 mLE A3kl NFE
o 1 mLsh 35 T ALl M 1087 FAAZ L 517
melH FRES ZFol ARAPG TS £
£ Ao)2 MEEHR BAIS] AAZeI50 2 Btk

Zn 3 pE
SEIRCE
Az Hoke] vty E-S B3 Z 3= Table 33 o]

SE 325%, 315 391%, 2tHA 7.52%, ZAW 0.65%
2 eglEo] 84.67%E 247t Vet & AR Avkes
el ga] F48o] gulA ) gl E2 A Chung
K12 Az Avje] dutgR o S8 11.8%, 3 ¥F 32%,
ZehilA 76%, A4 05% 2 ©8lE 129%% East
o, B A3 FEI g5sE ddehe Arbe] Apol7k
piel=g

Table 3. Proximate composition of Gastrodia elata Blume

(unit : %, dry basis)
Moistue ~ Crude Protein  Crude Fat Ash Carbohydrate
325 752 0.65 391 84.67
27148

Aol a8 712 FFE Table 49 o] Kol
1186.52 mg% =2 71 ¥/ Uehda thg-2 Ca, Mg, Nag|
o8 A a5 AUtk ¥ A= Kim F(15)°] K,
Ca, Mg, Na 202 F7)do] =7 o] vtka g A3
9} Lee £(23)°] K, Na, Ca, Mg &0 2 3teko] =SQitte
Byl dxsAch

Table 4. Mineral composition of Gastrodia elata Blume
(unit : mg%, dry basis)

Ca Fe K Mg Na Zn

95.46 831 1186.52 3592 2323 0.76
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Fig. 1. Response surface for vanillyl alcohol contents at constant
values (vanillyl alcohol contents : 50, 55, 60 mg/L) as a function
of extraction temperature, time and solvent per sample of Gastrodia
elata Blume.
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Table 5. Experimental data on vanillyl alcohol, vanillin, coumarin, total phenolics content and electron donating ability of Gastrodia elata
Blume under different hot-water extraction conditions based on central composite design by response surface analysis

Extraction conditions
Exp Vanillyl alcohol

Vanillin content ~ Coumarin content ~ Total phenolics  Electron donating

No.” Temp.(C) 'l(“;xnn)e Solven(t nﬁcfg )sample content (mg/L) (mg/L) (mg/L) content (mg%) ability (%)
1 70 3 15 58.77 226 129 2718 20.41
2 70 3 25 4733 291 111 2920 21.01
3 70 5 15 ‘ 61.27 3.58 1.62 3192 21.61

4 70 5 25 55.84 iR 170 3357 25.84
5 %0 3 15 65.82 398 1.95 35.94 30.11
6 % 3 25 60.17 4.13 201 3626 2899
7 90 5 15 64.84 321 140 3556 422
8 0 5 25 61.17 3.03 1.34 36.12 2582
9 80 4 20 59.52 343 177 34.12 2825
10 80 4 20 59.52 343 177 34.12 2825
11 60 4 20 4338 203 1.20 26.53 21.61
12 100 4 20 58.99 3.19 1.68 3499 3501
13 80 2 20 56.36 2.90 1.16 2977 2599
14 80 6 20 . 58.49 3.16 1.24 33.55 2281
15 80 4 10 5743 321 131 3145 2374
16 80 4 30 50.05 293 1.30 29.78 272

The number of experimental condition by central composite design.

Table 6. Polynomial equations calculated by RSM program for hot-water extraction conditions of Gastrodia elata Blume
Response Second order Polynomials R Significance
Vanillin YVC = - 35607500 + 0599250X1 + 5.063750X, + 0.398500X; - 000Q325X1 - 0.0450 0.8860 0.0091
content - 0.102000X," - 0.001050X,X; - 0.031000X,X3 - 0.004700X5’
vanily| YVAC = - 124055625 + 3921063X, + 12.340625K, - 0468875K; - 0021088 08604 0097
content - 0.137375X,X; - 0.548750X," + 0.018875X.X; + 0.199750X:X; - 0.057800X;"

Coumarin YCC = - 16141875 + 0242125X1 + 3.181250X; + 0.146500X; - 0000800X1 0.9243 0.0095
content - 0.026750X:X; - 0.140000X;" - 0.000250X,X; + 0.003500X;X; - 0.004550X;"

Total phenolics YTPC = - 114911250 + 2.180313X1 + 15.484375X2 + 1.960125X3 - 0.008225X12 0.9083 00164
content - 0.120375X1X2 - 0.597500X22 - 0.006975X1X3 - 0.003250X2X3 - 0.034350X32

Electron donating ability YEDA = - [18.126875 + 1300688X1 + 14.633125X, + 5.154875X; + 0000175X1 09110 00149

- 0.063625X,X - 0.960000X;" - 0.035875X,X; - 0.091250X,X; - 0.050100X;"

ZF&E29 vanillin &2k

Avtel A F& FHALE 9@ FE2xdd g2
vanillin 7<) %}oﬂ ek w2 F 32 Fig 20 Uehid
th FE220 QoM Al A =AM 25, AR
Algol| th3t Sufju]o] w2 vanillin 3 W3l g wH$
Y 3722 Table 67} Zrom, R*= 0886002 §-2]A]0]
5% o|He] FFoA 1A FE22 | THE vanillin
g HdexE Fstuxl sAEE HAIS 49,
Table 73} 7o) vanillin greke] & o) xle= %%515 93.11C,
FZA7E 253 hr 2 A8 Ulg &oiv] 21.86 mL/go 2
velgoh Zete] vanillin g8 thdt FE2x719] 43

(Table 8)% 22250 o3rg =7 Wy gigoen, theo
ZA| T TR “‘%koﬂr A8 i3t Suju]e] gk
< 7H HER] oFokt). 431 WReHHE B Hnf 22 B9
vamlhn kol Msle 2257} 2842 Zrlslgon,
@2 2noAE FEAITto] FH g wl vanillin FFE
Z7IlE o, e x| FEAT] HE4E I3
o] Z713tAtk

F&E9 coumarin &2t
Zt 279 %59 coumarin 33 Table 59 2o

o] ATE olgte] WeEA AARNE UG, 4 2
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Fig. 2. Response surface for vanillin contents at constant values
(vanillin : 2.5, 3.0, 3.5 mglL) as a function of extraction
temperature, time and solvent per sample of Gastrodia elata Blume.

Q1 Wl W Wk Z, coumarin ] o3 A4
& Table 60| Ve R} o] T3Pt F22E F2

i}

9] coumarin o] h A4 9] R*E 092432 1%
Ul frejgolA freldol AT 2220 o
g d&g PAEe PR FHENE ¢ A% Hdig
< 213 mg/Le|a, ol FEX2DL FE2E 96.30T,
FZAZF 284 br I AR Wi g §uf] 19.88 ml/go]Ath
(Table 7). $+%&2] coumarin 32 Fig. 39] ¥H-&EH A
o} Zo] obd el FelE Yepon, FE22%7t £31,
FZAzto] AFE ol Frtete Ao Jelydth &
&k Table 80|49} Zo] FE2 L= &

[

Ao Rk olsh 2o Arle]

Z229 FEAI0] A dF=

Table 7. Predicted levels of hot-water extraction conditions of
Gastrodia elata Blume for the maximum responses of variables
by the ridge analysis

Responses ~ R° Pro>F X' oxox Maximum Morpholo
(C) () () &Y
Vanillin .
o 08860 00291 9311 253 2186 419 Saddle oint
Vanillyl .
cone] ey 08604 00497 9107 264 1516 6429 Maximum
Coumaritt 0043 00095 9630 284 1988 213  Saddle oint
content
Total phenolics  goe3 0016) 9814 320 1863 37.12  Maximum
content
Elecron 09110 00149 9862 382 1646 3707 Saddle oint

donating ability

YExtraction temperanire (°C), “Extraction time (hr), Solvent per sample (ml/g).
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SoMent per sample(myg)

Fig. 3. Response surface for coumarin contents at constant values
(coumarin contents : 1.2, 1.4, 1.6 mg/L) as a function of extraction
temperature, time and solvent per sample of Gastrodia elata Blume.
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09083 5% o|Ule] oA g-oido] AAHYTE =&

[
Es
L5, AIZh Al 8o g Soju)e) 2 F s
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ZF 320 hr 2 A E0) )&t njjH] 18.63 ml/go] %l tHTable
7. FE2712] 43k Table 8ol e} Zo] FE2250] JF
o] 4 AW, FEAIZLY] Jge e Aoz UELT
a2y AZE HY Wl Alge] digk &wfH|el] it
Fge Aol vehA] &t FE322160 wE AREo
5-2] ¥W3l= Table 59 JERNATE Anle] AzFod 5
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Fig. 4. Response surface for total phenolics contents at constant
values (total phenolics contents : 31, 33, 35 mg%) as a function
of extraction temperature, time and solvent per sample of Gastrodia
elata Blume.
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Table 8. Regression analysis for regression model of variables in
extraction condition

. F-Ratio
Extraction ; -
condition Extraction Extraction time Solvent per sample
temperature (C) (hr) (mLfg)
Vanillin content 11.02%** 6.07%* 1.34
Vanillyl alcohol -
content 6.41%* 0.86 3
Coumarin content 14.29%%* 13.95%** 332
Total phenolics
content 12.64%%* 3.60% 1.38
Electron donating
ability 12.83%%% 1.09 3.05%

*Significant at 10% level; **significant at 5% level; ***significant at 1% level.

o AA A 2U L FELE BE2T, FEAI 3.82
hr g A]Fo T3t &ulH] 1646 mljgo 2 ViR om, oy
2 37.06%2 ASHHU o, M FAT A e
o A& 277 zpol7t Q1] wE sH5HEo] A3 4atst
/\-]_Q_ 7}Z]J_ o]q,&_ 7]7~_g] olgq;(] /\].Aqu_ °]5<]‘5‘]-—‘,_—:- @314:%
2T QB ol B BAL F2 A=
A 313 E-7} flavonoid 79| 33E 2 A E3] caffeic acid,
chlorogenic acid, gentistic acid §°] 73t Hatsl g7}
gol waen, O 228 P Bk 3 on

4 BTE B 2 BABIE UHT WA Urkn
R4S Fig. SlA % o] 2 &%0] 717 2

BE Vo FRLE HEEE S AHE i)

AAFal 5ol B Arle] 22279) YL Table 83}
Zol 232, Az g@ ﬁunul o 4 wa
Sl Aow Jetom, 2%k U@ Gk A9 o

A etk

1]

2 FExHY oF

Ante] FE221E AR Yt Avke] FE8E
greka) ghalslA __Ag% DE nEAAFE _,,];G Zzz7
S 93z} 7z 92 FH-S superimposingdlte] 2 72 Table
9o A& 27A& JeUT: Aol A4 329 HH 274
WolE 222% 90~100T, EA|7 3~4 hr 2 A B
g &ufu] 15~20 mljgo 2 ERRETh

Table 9. The range of optimum hot-water extraction condition for
maximum response variables by superimposing response surface
of variables yielding in the extraction of Gastrodia elata Blume

Range of predicted condition

Extraction Condiion (optional point)
Temperature (C) 90~100
Time (hr) 3~4
Solvent per sample (ml/g) 15~20

Solvent pes samplotmi/g)

Fig. 5. Response surface for electron donation ability at constant
values (electron donation ability : 24, 28, 32%) as a function of
extraction temperature, time and solvent per sample of Gastrodia
elata Blume.

e %

Arte A7 SHENTLARA BEH 02 o] &3}
71 9B 7he 5 dole & e FEA RS g9 s
H2st ste Zlo] et & drelM e AAe 3%
F FE20EE Arlel REEE T £ P 54E
HRERAEEAY o RUHAste A FE2dS 4%
3tk dul G4 F%E9] vanillyl alcohol &Fe 22

% 91.07C, 27t 264 hr 2 Al go] W3k £uH] 15.16
ml/goll A 7H8 %S &3S JeP AR, vanillin FEFS
93.73°C, 2.58 hr, 21:56 mIJgoﬂ/ﬂ coumarin ?z} o 9630°C
3.84 hr, 19.88 mljgoll ] 242t H39] F-2 Uehll= A

= oﬂ—ﬂ?iv} Z A4 33589 ?}%‘:8 FE2L 981
4, 2ZA)17F 320 hr 2 A S0 i3t Luy] 18.63 mL/g,
?ﬂx}—c‘roﬂ 5o g H2 2AL 98.627C, 3.82 hr, 1646
mljg 502 74z} VElgich zF ] tigt slA4E

sto] 3 AAPH Hute] fEAE 9 FAsHA %*é oﬂ
e A F5222 superimposingdt A3} FEE% 90~
100C, 32A)7F 3~4 hr 2 A] o] )& &vjv] 15~20
ml/ge] W2 77} =5t

Al Bho] 9311 7] ST AT
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