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Optimal Extraction Conditions of Flavonoids from Onion Peels
via Response Surface Methodology
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Abstract

The objective of this study was to set the optimal extraction condition of flavonoids from onion peels as a
by-product generated from the onion industry without suitable processing. Four independent variables, affecting
extraction conditions, which are solvent concentration (Xi), extraction temperature (X2), pH of the solvent (X3),
and solvent ratio to onion peel (X4) were optimized using response surface methodology (RSM). A model equation
obtained from RSM is 0.772 of R-square and 0.278 of lack of fit (p>0.05) for the optimal extraction conditions.
From the ridge analysis, the conditions flavoring the highest extraction were solvent concentration (v/v) of
70%, extraction temperature of 40°C, extraction solvent pH of 5.3, and a solvent ratio to onion peel ratio of
1:63 (w/v). The flavonoid content obtained under optimal conditions showed 302.63 mg/g, which is 1.12 times

higher than the prediction value.
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emission spectrometer, Varian Liberty RC, Warrington,
Australia) 2 A3t}
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Table 1. Coded level of independent variables in experi—
mental design

Independent variables Code level

-1 0 1
Solvent concentration (%, v/v) 50 60 70
Extraction temperature (°C) 30 40 50

pH of solvent extraction 4 5 6
Solvent ratio to onion peel (w/v)  1:45 1:60 1:75

ATH16). =, fractional 2' factorial design(167), star
point(8%) ¥ central point(3)E F 2749 AP0S4
At TR FPsiP o FEUFTEE total fla-
vonoid &&F(mg/g)oZ 3lAth ZE APZAHJ= SAS
(Statistical Analysis System) program(version 8.0, SAS
Institute Inc., Cary, NC, USA)(17)S o] &3] B4 &3}
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Table 2. Proximate composition of onion peel (%, w/w)
Moisture Crude ash Crude protein Crude fat
Onion peel 4.68+0.04" 6.6740.04 5.034+0.28 0.7140.30

"Mean values+SD (n=3).
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Table 3. Mineral contents of onion peel (g/kg)
Mineral
Ca Fe K P Na
Onion peel 20.074+2.78" 1.034+0.30 2.1740.19 5.5440.34 0.1840.03 1.65+0.05

"Mean values+SD (n=9).
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o4& HYom(p<0.05), ABAFR)E 0772, A¢A S
A% (lack of fit, p>0.05)o A= 0.278% DA H W T & o]
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Table 4. Central composite design consisting of 27 experi—

ments for the study of four experimental factors in coded
units

Independent variables” Dependent variables

Treatment -
No. X X X X Total flavonoids

(mg/g)

1 -1 -1 -1+l 210.38”
2 -1 -1 +1 -1 231.71
3 -1 +1 -1 -1 155.43
4 -1 +1 +1 +1 205.04
5 +1 -1 -1 -1 22391
6 +1 -1 +1 +1 27778
7 +1 +1 -1 +1 227.59
8 +1 +1 +1 -1 215.94
9 -1 -1 -1 -1 215.96
10 -1 -1 +1 +1 187.04
11 -1 +1 -1 +1 204.96
12 -1 +1 +1 -1 187.04
13 +1 -1 -1 +1 205.75
14 +1 -1 +1 -1 262.50
15 +1 +1 -1 -1 192.78
16 +1 +1 +1 +1 288.46
17 -1 0 0 0 207.41
18 +1 0 0 0 262.90
19 0 -1 0 0 197.83
20 0 +1 0 0 220.72
21 0 0 -1 0 153.19
22 0 0 +1 0 237.14
23 0 0 0 -1 219.77
24 0 0 0 +1 213.46
25 0 0 0 0 254.55
26 0 0 0 0 252.13
27 0 0 0 0 229.00
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Table 5. Model coefficients estimated by multiple linear re—
gression for the optimal extraction of flavonoid from onion
peel

Factor Coefficients
Constant 225.897
Linear
Xi 19.707
Xo -6.41
X3 16.701"
X4 6.528
Quadartic
X’ 18.923
Xy ~7.207
Xy ~21.067
X 0.383
Cross product
Xox X1 3.096
Xsx Xy 10.789
X3xXo 0.663
X4 XX 1 5.318
X4><X2 14.379*
X4 X X3 0.163
Model
Linear 0.005"
Quadratic 0.462
Crossproduct 0.176
“p<0.05.

Abbreviation: X;=solvent concentration (%, v/v), Xs=extraction
temperature (°C), X3=pH of solvent extraction, X4=solvent ratio
to onion peel (w/v).

Table 6. Polynomial equation calculated by RSM program for
the optimal extraction of flavonoid from onion peel

Second order polynominals

Y =225.897+19.707X, — 6.471X,+16.701X3+6.528X, +
18.923X4%—7.207X5" — 21.067X5> +0.383X + 3.096 XX +
10.789X5X; +0.633X X5 +5.318X,X; +14.379X, X5+

0.163X4X3
R’ 0.772
Total regression (>F) 0.036"
Lack of fit 0.278

Canonical equation
§=223.684+20.2490,> + 4.107w,> — 11.53605 — 1.789%0,>

P Abbreviation: X;=solvent concentration (%, v/v), Xo=extraction
temperature (°C), X3=pH of solvent extraction, Xs=solvent ra-
tio to onion peel (w/v).

“Mean value (n=3).

"p<0.05.

Abbreviation: Y=total flavonoid (mg/g, dry base), X;=solvent
concentration (%, v/v), Xo=extraction temperature (°C), X3=pH
of solvent extraction, X,=solvent ratio to onion peel (w/v).
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Fig. 1. Response surface plots for the effect of two independent variables on extraction of flavonoid from onion peel. (a)
solvent concentration (%) and temperature (°C), (b) solvent concentration (%) and pH, (C) solvent concentration (%) and solvent

ratio to onion peel (w/v).
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