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Monitoring on Extraction Yields and Functional Properties of Onion
(Allium cepa) Extracts by Using Response Surface Methodology
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Abstract

Extraction characteristics of onion (Allium cepa) and the functional properties of corresponding extracts
were monitored by the response surface methodology (RSM). The maximum extraction yield of 44.02% was
obtained under the specific extraction conditions, such as microwave power of 143.13 W, ethanol concentration
of 61.77% and extraction time of 3.39 min. The maximum electron donating ability (EDA) was found as 45.85%
at the conditions of 143.55 W microwave power, 27.52% ethanol concentration and 4.86 min extraction time.
The maximum inhibitory effect on tyrosinase was 65.40% at 132.29 W, 36.47% and 7.62 min. The maximum
superoxide dismutase (SOD)-like activity was 69.84% under the extraction conditions of 99.41 W, 8.47% and
7.13 min. Based on superimposition of four dimensional RSM with respect to extraction yield, electron donating
ability and SOD-like activity obtained under the various extraction- conditions, the optimum ranges of
extraction conditions were found to be microwave power of 0~120 W, ethanol concentration of 70~80% and

extraction time of 2~10 min.
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Table 1. Experimental data on yield, polyphenol, electron donating ability, tyrosinase inhibition, nitrite-scavenging ability
and superoxide dismutase (SOD)-like activity of onion by central composite design for response surface analysis

No! Microwave power Ethanol Extraction Yield Electron donating Tyrosinase SOD-like
(watt) concentration (%) time (min) (%) ability (%) inhibition (%) activity (%)

1 60 (-1) 25 (-1) 3(-1) 24.45 38.01 54.75 55.85

2 60 (-1) 25 (-1) 7(1D 30.05 4057 50.32 58.25

3 60 (-1) BCD 31 13.00 12.82 40.38 22.57

4 60 (-1) 7B(D 7(1 22.00 15.36 41.65 25.93

5 120 ( 1) 25 (-1) 3(-1) 24.50 43.82 57.32 60.95

6 120 ( 1) 25 (-1) 7(1D 21.50 44,00 59.22 65.35

7 120 ( 1) 71 3D 37.00 21.90 45.45 30.88

8 120 ( 1) VGEEY) 7(1) 22.50 22.53 48,64 32.59

9 90 (0 50 ( 0) 5(0) 21.50 40.46 51.58 49.49
10 90 ( 0) 50 ( 0) 5(0) 21.00 41.22 51.93 50.02
11 30 (-2) 50 ( 0) 500 36.55 39.67 59.84 55.76
12 150 ( 2) 50 ( 0) 500 3759 43.60 62.25 54.48
13 90 (0 0 (-2) 500 19.50 40.34 60.35 67.83
14 90 ( 0 100 ( 2) 500 11.53 9.78 38.55 21.79
15 90 ( 0) 50 ( 0) 1(-2) 24.50 3755 60.21 56.92
16 90 ( 0) 50 ( 0) 9(2) 26.00 41.69 65.32 60.39

YThe number of experimental conditions by central composite design.

Table 2. Polynomial équations calculated by RSM program for extraction conditions of onion

Response Second order polynomial equationsl) R Signifi-
cance
Yield Yy=26.405—0.443958X; — 0.0192X3 + 7.659375Xs + 0.003006 X, +0.0055X 1 Xz 0.8835  0.0309
—0.004294X5” — 0.066375X X3 — 0.02025X X3 — 0.0625X 5*
Electron donating Yepa=33.884062 +0.016X; +0.1334X,+ 1.956563X 3+ 0.000221 X124 0.001168X1 X2 0.8759  0.0365
ability ~0.006312X2>— 0.008938X X3+ 0.001075X2Xs — 0.07625X5”
Tyrosinase Y11= 100.754688 — 0.496292X, — 0.226 75X, — 8.922188X3 + 0.002581X,%+ 0.000008333X X2 0.8067  0.1129
inhibition ~0.000922X2> +0.017188X,1X3+0.017475X X3 +0.688125X5”
SOD-like activity Ysop=288.102812—0.243708%; — 0.3734X>— 4.824062X3+ 0.00149X,> + 0.0004625X 1 X2 0.8926  0.0248

~0.001978X2°+0.000729X1 X3 —0.004325X,X 3+ 0.55625X 5"

UXy: microwave power (watt), X2: ethanol concentration (%), X3 extraction time (min).

Table 3. Predicted levels of extraction condition for the maximum responses of variables by the ridge analysis in onion

Responses X" X2 X" Maximum Morphology
Yield 143.13 61.77 3.39 44.02 Saddle point
Electron donating ability 143.55 27152 4.86 45.85 Saddle point
Tyrosinase inhibition 132.29 36.47 7.62 65.40 Saddle point
SOD-like activity 99.41 847 7.13 69.84 Saddle point

"Microwave power (watt). 2Ethanol concentration (%). YExtraction time {min).
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Fig. 1. Response surface for yield in onion extract at
constant values (yield: 25~35~45%) as a function of ethanol
concentration, extraction time and microwave power.
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Fig. 2. Response surface for electron donating ability in
onion extract at constant values (electron donating ability:
20~30~40%) as a function of ethanol concentration, ex-
traction time and microwave power.
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Table 4. Regression analysis for regression model of physiochemical properties in extraction condition of onion

F-ratio

Extraction conditions

Yield Electron donating ability Tyrosinase inhibition SOD-like activity
Microwave power 5.79™ 0.42 1.09 0.25
Ethanol concentration 417 947" 381 11.50""
Extraction time 1.99 0.09 1.09 0.38

"Significant at 10% level; ““significant at 5% level; ™"significant at 1% level.



W ERALNL o4 FH F2EE % /15AH HE 2y

5 =
SRS
ARSI 50 St
RSOSSN
s st
R

X

OGRS
NGRS
T

Fig. 3. Response surface for tyrosinase inhibition in onion
extract at constant values (tyrosinase inhibition: 45~50~
55%) as a function of ethanol concentration, extraction time
and microwave power.
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Fig. 4. Response surface for SOD-like activity in onion
extract at constant values (SOD-like activity: 40~50~
60%) as a function of ethanol concentration, extraction time
and microwave power.
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Fig. b. Superimposed response surface for optimization of
yield (6%), electron donating ability (15%), tyrosinase
(55%), and SOD-like activity (40%) of extract from onion.

Table 5. Optimum extraction condition for maximum re-
sponses of yield, electron donating ability, tyrosinase inhi-
bitory effect and SOD-like activity of onion by superimposing
their contour maps

Extraction condition . Range Of. . Optlr'n}lm
optimum condition  condition
Microwave power (watt) 0~120 60
Ethanol concentration (%) 70~90 80
Extraction time (min) 2~10 6

s siel(Table 6). LA RSM71 ol &8 =3 3
dx7 oA AA Agste] 2 APAE vlLys o o

e o
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Table 6. Comparison between predicted and observed values
of response variable for ethanol extracts from onion at the
given condition within the range of optimum condition

. Predicted Experimental
Response variable 1) 2)
values values
Yield 17.88 18.90
_ Electron donating ability 17.81 18.93
Tyrosinase inhibitory effect 4251 44.65
SOD-like activity 27.80 27.35

"Calculated using the predicted equations for response variables.
Given conditions of independent variables: microwave power
60 watt, ethanol concentration 80%, and extraction time § min
(Table 5).

PMean values of triplicate determinations.
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