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Optimization of Ethanol Extraction Conditions from Glasswort
(Salicornia herbacea) Using Response Surface Methodology
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Abstract

Response surface methodology (RSM) was used to monitor the characteristics of ethanol extracts from glasswort
(Salicornia herbacea). A central composite design was used to investigate the effects of the independent variables
of sample ratio, extraction temperature, and ethanol concentration on the dependent variables color, sugar, salinity,
yield, electron donating ability, and total polyphenol content of extracts. The maximum °Brix (8.46) was obtained
under specific extraction conditions, with a sample ratio of 7.04 g/100 mL, an extraction temperature of 89.01°C,
and an ethanol concentration of 34.29% v/v. At a sample ratio, extraction temperature, and ethanol concentration
of 7.00 ¢/100 mL, 89.15°C, and 34.14% v/v, respectively, the salinity was 7.35% When the sample ratio, extraction
temperature, and ethanol concentration were 5.56 g/100 mL, 68.61°C, and 99.14% v/v, respectively, the maximum
electron donating ability was 86.10% A maximized total polyphenol content of 1,140.15 mg/100 g was found
with the following conditions: sample ratio of 8.6 g/100 mL, extraction temperature of 64.19°C, and ethanol
concentration of 71.74% viv. Overall, the optimal ranges of extraction conditions for effective components of glasswort
were 3.38 - 5.33 ¢/100 mL sample ratio, 55.87 - 76.96°C, and 25.00 - 67.31% v/v ethanol.
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Table 1. The observed responses in the central composite design for response surface analysis

Hunter’s color value

N Smplemo  Extaction Ethanol Swar  Salinity  vild  ppa 1ol polyphencl
(/100 mL)  temperature (C) concentration (%) L a b ("Brix) (%) (%) (%) (mg/100 g)
1 3¢ 50 (-1) 25 (<) 78.60 13.28 63.02 20 1.6 39.41 61.73 456.60
2 7(1 50 (-1) 25 (1) 68.55 25.11 83.46 54 44 34.17 44.84 739.89
3 3¢ 80 (1) 25 (-1) 8527 5.15 47.56 6.0 50 39.65 55.72 543.19
4 7(1 80 (1) 25 (1) 77.82 11.21 63.01 6.2 52 3149 46.34 886.46
5 3(D 50 (-1) 5(1 95.73 -1.80 20.98 74 6.4 3741 72.61 656.55
6 7(1 50 (-1) (1 94.57 -1.85 4558 48 4.0 31.03 69.23 1081.88
7 3¢ 80 (1) 75 (1) 94.53 -343 35.06 40 32 36.81 71.67 652.69
8 7(1 80 (1) (1 93.36 -1.29 4047 5.6 4.6 30.09 71.29 1085.21
9 1(2) 65 (0) 50 (0) 95.95 212 20.19 2.6 20 43.36 69.04 283.40
10 9(2 65 (0) 50 (0) 84.18 422 56.68 82 7.0 29.54 56.47 1121.42
11 5(0) 35 (-2) 50 (0) 83.57 7.03 54.44 7.0 6.0 36.31 51.22 836.20
12 5(0) 95 (2 50 (0) 81.80 5.00 5041 12 6.2 2993 61.54 770.70
13 5(0) 65 (0) 0(2) 72.59 16.49 66.95 1.8 14 34.89 63.04 710.86
14 5(0) 65 (0) 100 ( 2) 81.09 -1.75 36.90 42 34 11.40 80.68 701.88
15 5(0) 65 (0) 50 (0) 87.69 2.64 54.40 6.6 52 3796 58.72 949.56
16 5(0) 65 (0) 50 (0) 87.61 327 5373 64 52 36.57 5122 901.63
17 5(0) 65 (0) 50 (0) 87.82 353 54.78 6.4 50 36.26 5797 897.04
18 5(0) 65 (0) 50 (0) 87.68 3.00 55.42 6.2 5.0 35.65 58.35 889.45

"The number of experimental conditions by central composite design.
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Table 2. Polynomial equation calculated by RSM for ethanol extraction conditions of glasswort

Responses

Second order polynomial equations” R Significance

Hunter’s L value (Yy)
Hunter’s a value (Y»)
Hunter’s b value (Ys)
Sugar (Ys)
Salinity (Ys)
Yield (Ys)
Electron donating ability (Y7)

Total polyphenol content (Ys)

Y=47.40509 — 5.724167X1+0.950739X22+0.835887X3+0.1 \
—0.005059X;" —0.006113X,X3 —0.004159X;

Y,=43.582433+5.0175X; —0.861887X, —0.691087X; —0.105229X,* —0.014917X,X, —0.0395X;
X5+0.003646X,7+0.006987X:X5+0.001855X5"

Y3=39.641579+21.624167X; —0.099654X, — 1.236123X; — 1.000042X> —0.10075X; X, —0.0147
X1X5 —0.002234X:7+0.01496X,X; — 0.001004X;”

Y4=—9.209861+1 .410417X1+0.OQ37782X2+0.374533X3 - 0.0675X12+0.(2)04167X1Xz —0.0115X:X3
+0.000689X," —0.002467X,X3 —0.001392X3

Ys=—5.746806+0.9625X; —0.039111X+0.322733X; — 0.04125X,40.005X, X, —0.01X,X5+0.00
1044X,” —0.002267XX; —0.001 104X

Y6=29.190137 — 1.1925X,+0.384193X,+0,345903X+0.034604X, *02.013583X 1X2+0.00075X X3

—0.003085X;+0.0003X,X; —0.005101X5

Y7=94.404546 —10.2178 13X1+0.025054X22 — 0,67028X3+0.283354X12+02.043792X1X2+0.056275X1
X3—0.002046X,™+0.001877X,X5+0.005455X3

Ys=—796.336648+183.976146X,+ 18.9037652X ;
T8225X X; —0.12296X; —0.077897X:X" —0.083098X;s

76688X,+0.010833X,X, —0.03795X, X

0.8158 0.0333
0.9094 0.0026
0.9416 0.0005
0.7866 0.0546
0.7824 0.0582
0.8370 0.0219
0.9037 0.0033
5+12.562507X3 — 13.231521Xf+0.279875X1X2+0.5 09263 0.0012

"Xy: sample ratio (g/100 mL), X,: extraction temperature (C), X3: ethanol concentration (%).
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Fig. 4. Response surface plot for sugar in glasswort extract at

constant values (sugar : 4, 6, 8 “Brix) as a function of sample ratio,
ethanol concentration and extraction temperature,
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Fig. 5. Response surface plot for salinity in glasswort extract at
constant values (salinity: 7, 5, 3%) as a function of sample ratio,
ethanol concentration and extraction temperature.
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Table 3. Predicted levels of ethanol extraction conditions for the maximum responses of variables by the ridge analysis

Extraction condition )
Responses X0 2 X Maximum Morphology
Hunter’s L value 1.03 63.29 55.81 96.59 Saddle
Hunter’s a value 6.25 50.87 8.74 26712 Saddle
Hunter’s b value 6.42 48.35 12.39 88.26 Saddle
Sugar ("Brix) 7.04 89.01 3429 8.46 Saddle
Salinity (%) 7.00 89.15 34.14 7.35 Saddle
Yield (%) .10 63.67 39.24 4543 Saddle
Electron donating ability (%) 5.56 68.61 99.14 86.10 Saddle
Total polyphenol content (mg/100 g) 8.60 64.19 7174 1140.15 Maximum
DXy: sample ratio (g/100 mL).
X,: extraction temperature (C).

X ethanol concentration (%).
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Fig. 6. Response surface plot for extraction yield in glasswort
extract at constant values (yield: 40, 35, 30%) as a function of
sample ratio, ethanol concentration and extraction temperature
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Table 4. Analysis of variables for regression model of physiochemical
properties in extraction condition of glasswort
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Fig. 7. Response surface plot for electron donating ability in
glasswort extract at constant values (EDA: 65, 50, 35%) as a

9
function of sample ratio, ethanol concentration and extraction
temperature.

Table 5. Optimum extraction conditions for the maximum responses
of sugar, salinity, yield, electron donating ability and total

polyphenol content of glasswort by superimposing response
surface

Extraction conditions

Range of predicted conditions
Sample ratio (/100 mL) 3.38~5.33
Extraction temperature (C) 55.87~176.96
Ethanol concentration (%) 2500~67.31

(%)
Il

Fihanol cone entration

F-ratio
Extraction conditions
X X, X3
Hunter’s L value 1.62 0.79 687"
Hunter’s a value 2.37 2.69 1687
Hunter's b value 13517 331 1805
Sugar (‘Brix) 259 126 463" Fig. 8. Response surface plot for total polyphenol content in
"~ " glasswort extract at constant values (total polyphenol content: 1100,
Salinity (%) 2'42* 153 4'20** 900, 700 mg/100g) as a function of sample ratio, ethanol
Yield (%) 2.90 046 6.59 concentration and extraction temperature
Electron donating ability (%) 401" 056 1490
Total polyphenol content (mg/100 g 2250 0.80 376 o Ao Aoz Yehdt) Song S(10)S =41 $hxe} Wyt
. N 3tz0o] I =S5y =Z=Fo Z
Significant at 10% level; Significant at 5% level, ~ Significant at 1% level. of @ FEE} 25% olde FE=°) DPPH T2
27 838 vt A7 54§

3zl Wk P LT 25%
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Table 6. Predicted and observed values of the response variables
at a given condition within the range of optimum extraction
conditions

Response variables Predicted value” Ex%ezﬂnumeental
Sugar (‘Brix) 6.36 6.50
Salinity (%) 5.08 5.10
Yield (%) 3540 33.84
Electron donating ability (%) 61.24 63.23
Total polyphenol content (mg/100 g) 917.22 921.42

"Calculated using the predicted equations for response variables. Given optimal condition
of independent variables : sample ratio 5 g/100 mL, extraction temperature 65C,
ethanol concentration 60%.

IMean values of triplicates determinations.

Sa, fip, I

Fayj, "
(] I',:g/;'-m"” 8
-

Fig. 9. Superimposed response surface plot for optimization of
sugar (6 “Brix), salinity (5%), yield (35%), electron donating ability
(65%) and total polyphenol content (900 mg/100g) of extract from
glasswort.
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