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Abstract

Gastrodia elata Blume (GEB) is a traditional herbal plant that has been used in Asian countries for centuries as
an anticonvulsant, analgesic, and a sedative for treating general paralysis, epilepsy, vertigo, and tetanus. This study
was designed to optimize conditions for ethanol extracts of GEB by analyzing and monitoring the extraction
characteristics with response surface methodology. The extract was used for analysis of the effective components
of GEB. The estimated optimal conditions were 63.62% in ethanol of 5.06 mL/g in solvent per sample, and 6.25
hr in extract time. The optimal extraction conditions for y-aminobutyric acid, were 45.52%, 5.67 mL/g, and 6.04
hr, while those for p-hydroxybenzyl alcohol were 62.73%, 5.02 ml/g, and 5.95 hr. Regression equation was generated
for each variables and then superimposed them, such as soluble solid, y-aminobutyric acid and p-hydroxybenzyl
alcohol content, thereby resulting in superimposed values of extraction conditions like 45~65% 5~7 mlL/g and
5~7 hr, respectively.
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Table 1. Experimental design for ethanol extraction conditions
for Gastrodia elata Blume

Extraction condition 2 -1 0 1 2
X Ethanol concentration (%) 20 40 60 80 100
Xz Solvent per sample (ml/g) 5 10 15 20 25

X; Time (hr) 2 4 6 8 10
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Table 2. Central composite design for the optimization Extraction
condition for Gastrodia elata Blume

Extraction condition

Experimen

number Ethanol Solvent per sample Time
concentration(%) (ml/g) {hr)

1 40(-1) 10¢-1) 4-1)
2 40(-1) 10(-1) 8(1)
3 40(-1) 20(1) 4-1)
4 40(-1) 2001 8(1)
5 80(1) 10(-1) 4-1)
6 80(1) 10¢-1) 8(1)
7 80(1) 20(1) A1)
8 80(1) 20(1) 8(1)
9 6000) 150) 60)
10 60(0) 15(0) 6(0)
1 20(2) 15(0) 60)
12 100(2) 15(0) 6(0)
13 6000) 5(2) 60)
14 60(0) 25(2) 60)
15 6000) 15(0) 22)
16 60(0) 15(0) 10(2)

“The number of experimental condition by central composite design.
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Table 3. Operation condition of amino acid analyzer for the
analysis of GABA

Specification Condition
Instrument S 433 Amino acid analyzer(Sykam Co., Germany)
Column LCA KO1/Li Cation separation column(4.6x150 mm)
A : 0.12 N Lithium citrate buffer(pH 2.9)
Buffer B : 030 N Lithium citrate buffer(pH 4.2)
C : 140 N Lithium citrate buffer(pH 3.5)
Buffer flow 0.45 ml/min
Ninhydrin flow 025 mlmin
Inj. vol. 100 pL
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Table 4. Operation conditions of HPLC for analysis of p
-hydroxybenzy] alcohol and p-hydroxybenzyaldehyde

Specification Condition
Instrument Shimadzu LC-10AT
Column  Shim-pack ODS (4.6 x 250mm, pore size : 5 um, Shimadzu)
Solvent Water : Methanol = 70 : 30 (v/v)
Flow rate 0.8 mL/min
Detector UV 270 nm
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Table 5. Experimentation data on soluble solid, GABA, p
-hydroxybenzyl alcohol and p-hydroxybenzyaldehyde content of
Gastrodia elata Blume under different conditions based on central
composite design by response surface analysis

Experiment Soluble solid GABA content p -hyglrgg(t:lenzyl prhydroxybenz

No. content(%) (mg?%) content(ng %) co}rllttlle(ti::g]?%)
1 198 0482 10181 0.747
2 19 0497 97.68 0.750
3 130 0277 63.71 0478
4 128 0279 56.79 0519
5 233 0:338 109.68 0807
6 243 0328 111.44 0959
7 157 0255 7519 0614
8 145 0220 7161 0.601
9 257 0365 9175 0.802
10 259 0345 9259 0808
11 L17 0363 7201 0470
12 085 0059 80.86 0597
13 298 0530 138.06 1395
14 149 0.260 51.74 0429
15 217 0324 76.88 0442
16 2,10 0319 6042 0614

Yssc=-2.387500+0.126563X,+0.073000X,+0.348750X5-
0.000981X;°-0.000525X;X,-0.003450X,>+0.000187X,X;
-0.002250X,X5-0.027813X5”
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M 1R g oﬂE‘r—% X 63.62%, A 2 it
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Table 6. Predicted levels of extraction conditions for the
maximum responses of variables by the ridge analysis

Responsss K Signfcace (27?) (m)l(jg) (i(lrj) Max. Morphology
Soluble solid .
o) 0947 00093 6362 506 625 290 Maximum
GABA conient ngci7 00011 4552 567 604 0593 Saddle point

(mg%)

HBA" .
conen(mgsy) 09860 <0001 6273 502 595 13840 Saddie poin
HBAH? .
coneimggy) 09341 00064 6403 512 646 129 Suddle point

phydroxybenzyl aleohol.
?p-hydroxybenzyaldehyde.
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Fig. 1. Four-dimensional response surface for soluble solid content
of Gastrodia elata Blume at constant values (2.4-2.8-3.2) as functions
of ethanol concentration, solvent per sample and extraction time.
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Fig. 2. Four-dimensional response surface for GABA content of
Gastrodia elata Blume at constant values (0.3-0.4-0.5) as functions
of ethanol concentration solvent per sample and extraction time.
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Table 7. Regression analysis for regression model of variables in
extraction condition

F-Ratio
Extraction condition Ethanol Solvent per -
concentration sample Extrac(t;l(gl time
(%) (ml/g)
Soluble solid content 9,05+ 8.73%+ 074
(%)
GABA content 1829+ 20,374+ 083
(mg%)
HBA" content 7 34%% 84 87%%* 9.70%**
(mg%)
2)
HBAH” content 278 14.46++* 247
(mg%)

p<01 *p<(.05, ***p<0.01.
phydroxybenzyl alcohol.
Sp-hydroxybenzyaldehyde.

p-Hydroxybenzyl alcohol &2k W3t

SAEGA G A g 2532798 phydroxybenzyl alcohol
e Table 50 VR ow, 1 Axlo)] thgh we R
34 e ot 2o

Yipac=78.725625+1.126469X,-5.376375X,+16.209063X3
-0.009834X,*+0.006588X, X,+0.057300X,>+
0.026969X,X3-0.109125X,X;3-1.470000X 5>
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Fig. 3. Four-dimensional response surface for p-hydroxybenzyl
alcohol content of Gastrodia elata Blume at constant values
(70-100-125) as functions of ethanol concentration solvent per
sample and extraction time.
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Fig. 4. Four-dimensional response surface for p-hydroxybenzyaldehyde
content of Gastrodia elata Blume at constant values (0.8-1.0-1.2) as
functions of ethanol concentration solvent per sample and
extraction time.
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sample of Gastrodia elata Blume.



Aol FEARS dRe FE2x21 HY3} o

Table 8. The range of optimum extraction condition for maximum
response variables by superimposing response surface of soluble
solid, GABA and p-hydroxybenzyl alcohol content in the extract
of Gastrodia elata Blume

Extraction condition Range of predicted condition

(optimal point)

Ethanol concentration (%) 45 ~ 65 (60)
Solvent per sample (mL/g) 5~17(
Time (hr) 5 ~7(6)
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