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Abstract : This study optimized the extraction of antioxidants from Gugija (Lycium chinensis Mill).
To determine operational parameters, including ethanol concentration (Xj, 0~80%) and extraction time
(X,, 1~5 hr), response surface methodology was applied to monitor yield, anthocyanins, flavonoids and
DPPH radical scavenging activity. Coefficients of determinations (R?) of the models were range of 0.8645~
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0.9859 (p<0.01~0.1) in dependant parameters. Yield of Gugija extracts was maximized 23.12% in
extraction conditions of 4.22 h at 8.25% ethanol. Anthocyanins was maximized 1.43 (OD in 530 nm)
in extraction conditions of 3.06 h at 79.98% ethanol. Flavonoids was maximized 3,100 £g/100 g in
extraction conditions of 3.37 h at 67.02% ethanol. DPPH radical scavenging activity was maximized
96.93% in extraction conditions of 1.67 h at 69.81% ethanol. Optimum extraction conditions (2.5 h
extraction at 70% ethanol) were obtained by superimposing the contour maps with regard to anthocyanins,
flavonoids and DPPH radical scavenging activity of Gugija. Maximum values of anthocyanins, flavonoids
and DPPH radical scavenging activity in optimum extraction condition were 1.0080 (OD in 530 nm),
3,145 1g/100 g, 96.96%, respectively. But values of anthocyanins, flavonoids and DPPH radical
scavenging activity in water extraction condition (1 h at water) were 0.4652 (OD in 530 nm), 1,633

©g/100 g, 86.98%, respectively.

Keywords © Gugija (Lycium chinensis Mill), extraction, antioxidants, optimization, monitoring
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Table 1. Experimental data on vyield, anthocyanins, flavonoids, and DPPH radical scavenging
activity of the dried Gugija (Lycium chinensis Mill) under different conditions based on
central composite design for response surface analysis

DPPH
Extraction conditions . .
. Anthocyanins . radical
Exp. Yield Flavonoids .
No. Fthanol Ecraction %) (OD at3)530 (xg/100 ¢ scavenging
concentration XraC(LO)n me nm) activity
(%) (%)4)
1 60 (1) 4 (1) 21.207 0.833 3,029 95.0
2 60 (1) 2 (-D 21.90 0.756 2,808 95.4
3 20 (-1 4 (1) 23.20 0.294 2,582 94.2
4 20 (=D 2 (-D 23.45 0.237 2,166 91.7
5 40 ( 0) 300 22.770 0.335 3,036 94.2
6 40 ( 0) 300 22.65 0.329 3,049 95.2
7 80 (2) 300 20.85 1.422 3,114 95.9
8 0 (-2) 300 22.770 0.243 2,218 90.5
9 40 ( 0) 5(2) 22.50 0.319 2,932 95.0
10 40 (0) 1 (-2) 22.70 0.297 2,608 94.8

UThe number of experimental conditions by central composite design.

YData were expressed as mean of triplicate determinations.

¥ Anthocyanins is OD at 530 nm of 3 times dilution extracts

“DPPH radical scavenging activity is electron donating ability of 16 times dilution extracts.

Table 2. Polynomial equations calculated by RSM program for the dried Gugija

Responses Polynomial equations R?  Significance

Yvield=22.474851+0.031756X:+0.227679X,-0.005625X, X7~

Yield ) 000564X:2-0.019196X,? 09066 p <0.05
 Yauthooyanins=0.166497-0.010415X,+0.074637X,+0.00025X X, +0
Anthocyanins 000299X,2-0.011634X,° 0.9859 p <0.001
e + + -
Flavonoids  Fvwis=1042.529762+34.79881X 45 13.047619X,-2.4375XX. (e 010

2,—0.193527X,%-51.410714X,?

DPPH radical
scavenging
activity

Ypppu=86.232143+0.243214X,+1.229762X,-0.03625X,X,-0.00

0884X,2+0.071429X.,2 09464 p €0.05

UX,, Ethanol concentration (%); X,, Extraction time (h).
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Table 3. Regression analysis for regression model of yield, anthocyanins, flavonoids, and DPPH

radical scavenging activity of the dried Gugija

F-value

Regression model

Ethanol concentration (%)

Extraction time (h)

Yield 12.197°Y

Y Anthocyanins 85.92"""
Y Flavonoids 7.22""

Yeer 21.89""

0.48
0.35
1.72
2.50

V™ Significant at 5% level :

""Significant at 1% level.
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Extraction conditions

Ethanol Extraction time Fstimated
Responses concentration ) responses Morphology
(%)
Max. Min. Max.  Min. Max. Min.

Yield (%) 8.25 79.00 4.22 3.44 2312 20.49 Maximum
Anthocyanins (OD) 7998  19.39  3.06 1.29 1.43 0.16  Saddle point
Flavonoids (x#g/100 g  67.02 4.42 3.37 209 3,100.05 2,016.63 Maximum
DPPH radical scavenging —co01 349 167 218 9693 8982 Saddle point

activity (%)

Holont, & Azte] ek WA Ueht Byt
o] 0352 frel4el A=A gharet.

Anthocvanins (OD at 530 nm)

Ethang| Concen!rahon (%)

Fig. 2. Response surface for anthocyanins of
the dried Gugija as a function of
extraction ethanol concentration and
time.
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Fig. 3. Response surface for flavonoids of the
dried Gugija as a function of
extraction ethanol concentration and
time.
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Table 5. Experimental values of response variables at the given extraction conditions within the

response surfaces

Extraction conditions”

Fthanol Extraction Yield Anthocyanins Flavonoids scal?fzrlj;n;:gia\}ity
concentration time (%) (OD at 530 nm) (1g/100 g) (%)
(%) (h)
0 1 22.52 0.4652 1,633 86,98
70 2.5 21.39 1.0080 3,145 96,96

YOptimum extraction condition (2.5 h at 70% ethanol) by the response surface methodology and

basic condition (1 h in water).
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Fig. 4. Response surface for DPPH radical
scavenging activity of the dried Gugija
as a function of extraction ethanol
concentration and time,
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Fig. 5. Superimposed contour map of
optimized condition for anthocyanins,
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as a function of extraction ethanol
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concentration and time.
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