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Table 1. Level of steaming conditions
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Table 2. Mineral contents of Gastrodia elata Blume (mg%)

Ca Fe Na K Mg Zn
44.69 1.72 63.56 828.74 25.34 0.69
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Table 3. Experimental data on total phenol content, electron donating ability, antioxidant ability (AI) and nitrite-scavenging ability of
Gastrodia elata Blume under different conditions based on central composite design for response surface analysis

Steaming conditions

Exp. No Total phenol content  Electron donating ~ Antioxidant ability ~ Nitrite-scavenging
T Temperature (°C) Time (min) (mg/ml) ability (%) (A]) ability (%)
1 110(1) 50(1) 272.20 51.19 1.15 15.86
2 110(H 30(-1) 281.84 4777 1.08 13.88
3 90(-1) 50(1) 31040 3872 1.06 15.88
4 90(-1) 30(-1) 301.04 4125 1.17 15.01
5 100(0) 40(0) 306.56 51.63 1.25 21.81
6 100(0) 40(0) 306.56 51.63 1.25 21.81
7 120(2) 40(0) 296.36 33.68 1.01 13.88
8 80(-2) 40(0) 287.10 3326 1.05 14.07
9 100(0) 60(2) 262.96 35.16 1.06 11.90
10 100(0) 20(-2) 237.50 29.67 1.03 11.05
Table 4. Predicted level of steaming conditions for the maximum responses of variables by the ridge analysis
Responses R? Pro>F XY X,? Maximum Morphology
Total phenol content (mg/m!) 0.8219 0.1149 94.43 42.38 309.47 Maximum
Electron donating ability (%) 0.8860 0.0505 101.67 41.09 5325 Maximum
Antioxidant ability (AT) 0.9577 0.0075 100.00 40.00 1.23 Maximum
Nitrite-scavenging ability (%) 0.9085 0.0333 100.00 40.00 20.60 Maximum
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Fig. 1. Contour map (top) and response surface (bottom) of total
phenol content in steaming conditions of Gastrodia elata Blume.
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Fig. 2. Contour map (top) and response surface (boitom) of
electron donating ability in steaming conditions of Gastrodia elata
Blume.
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Fig. 3. Contour map (top) and response surface (bottom) of
antioxidant ability (AI) in steaming conditions of Gastrodia elata
Blume.
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Fig. 4. Contour map (top) and response surface (bottom) of nitrite-
scavenging ability in steaming conditions of Gastrodia elata Blume.
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Table 5. Regression analysis for regression model of total phenol content, electron donating ab‘ility, antioxidant ability (AI) and nitrite-

scavenging ability in steaming conditions of Gastrodia elata Blume

F-Ratio
Steaming conditions Total phenol content Electron donating ability Antioxidant ability Nitrite:$cavenging ability
(mg/m/) (AD - )
Temperature (°C) 0.72 7.33%% 24,74k 6.64%*
Time (min) 5.67%* N S 21.66*** 12.16**

*Significant at 10% level; **Significant at 5% level; **+Significant at 1% level
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Fig. 5 Superimposed contour map for optimization of antioxidant
properties in steaming of Gastrodia elata Blume. (1) Total phenol
content (mg/ml) (3) Antioxidant ability (A.L) (2) Electron donating
ability (%) (4) Nirite-scavenging ability (%, pH 1.2)

Table 6. Optimum steaming condition for response variables
yielding the optimum response by superimposing contour maps

Steaming conditions Range of predicted conditions

Temperature (°C) 96~107
Time (min) 38~46
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Optimal Steaming Condition of Gastrodia elata Blume (Chunma) using Response Surface Methodology (RSM)
Jin-Man Lee, In-Ho Kim' and Seong-Ho Kim* (Department of Herb & Food Science, Kyungbook College of
Science/Production Engineering Institute, Chilgok 718-851, Korea, 'Production Engineering Institute, Chilgok 718-

851, Korea)

Abstract: The Chunma requires a simple pre-treatment, due to the inconveniences of preservation, toxicities, and
pungencies in intact state. Various steaming conditions were examined to establish the anti-oxidative characteristics
of Chunma using the Response Surface Methodology (RSM). Total phenolics and electron-donating ability were
optimal at 94.43 and 101.67°C for 42.38 and 41.09 min, respectively. Anti-oxidative (AI) and nitrite-scavenging
ability were optimal at 100°C for 40 min. Optimal steaming conditions were determined as 96~107°C for 28~46 min,
almost identical to the predicted conditions of 100°C, 40 min determined using the superimposed contour map. Anti-
oxidative activities (Al) under the optimal conditions were 95.9% ~115.6% of those determined under predicted
conditions, an indication of the high reliability of the calculated values.

Key words: Gastrodia elata Blume (Chunma), steaming condition, anti-oxidative charaéteristics, response surface

methodology (RSM)
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