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Abstract : AICl; colorimetry method and AI(NO; ), colorimetry method of total flavonoids from quinoa were studied by
response surface methodology,in order to obtain the best extraction method. Based on single factor experiments , take eth-
anol concentration, extraction temperature and extraction time as main variables. With the total flavonoids yield,the con-
tent determination was optimized by response surface analysis method. The best extraction process for AICl; colorimetry
method was to extract 1. 1h in 62.45 °C water bath and 71. 97% ethanol concentration, the yield of flavonoids was
5.322% while error was 7.68% . The best extraction process for AI( NO, ) ; colorimetry method was to extract 1.24 h in
61.13 °C water bath and 84.43% ethanol concentration,the yield of flavonoids was 8.799% while error was 1.24% .
Compared with AlCl; colorimetry method, Al( NO, ) ; colorimetry method was efficient and stable for the determination of
flavone in quinoa.
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Fig. 1 The standard curve of rutin with AlCl;colorimetry method( A ) and Al( NO; ) ;colorimetry method(B)
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Table 1  Precision test(n =6)
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W s
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MR
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Table 2 Experimental design of single factor
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e
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Table 3 Response surface design factors with different colorimetry methods
X 2 Factor
Bk o A LR B SR C HEHUH ]
Method Level Ethanol Extraction Extraction
concentration( % ) temperature ( °C ) time(h)
AL AlCl, 1 60 50 0.5
0 70 60 1.0
1 80 70 1.5
B AL(NO; ) 5 1 70 50 0.5
0 80 60 1.0
1 90 70 1.5
1.8
a
1.6 -
S 14
<12
=}
=0
%éox
vy
! EC 0.6
£04 -
= \
0.2 .
0 N
5 60
Z i PRIRLEE

Extraction temperature(“C)

g
-
e
== ]
>~
1.0 X 1:20  1:25
SR R] BHE L

Extraction time(h)

&2

Ratio of material to liquid(g/mL)

- ESESSE TS A

Fig. 2  Effect of different factors on the yield of flavonoids
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Table 4 Design and result of response surface analysis
M ha A B C Y B

No. Yield of flavonoid (% )
1 1 1 1 4.15

2 1 -1 1 2.54

3 1 -1 -1 2.03

4 1 -1 1 3.17

5 1 -1 -1 3.15

6 0 0 1.68 4.26

7 1 1 -1 2.57

8 0 0 0 5.19

9 1 1 -1 3.67

10 0 0 0 5.34

11 1.682 0 0 2.98

12 0 0 0 5.37

13 0 0 1.68 4.02

14 0 -1.682 0 2.97

15 0 0 0 4.81

16 -1 1 1 3.88

17 0 0 0 5.31

18 0 1.682 0 3.71

19 0 0 0 5.26

20 1.682 0 0 3.82

(] A 0 2R K ) B G 6 5 TR L ER 5, T
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Table 5 Regression coefficients and significant test for quadratic polynomial model equation
IR A [ 72 . ,
Origin Sum of square o ege o Mean square
B Model 19.72 9 2.19 20.64 <0.0001
A 1.50 1 1.50 14.17 0.0037
B 1.57 1 1.57 14.75 0.0033
C 0.54 1 0.54 5.12 0.0472
AB 0.018 1 0.018 0.17 0.6888
AC 0.22 1 0.22 2.05 0. 1826
BC 0.20 1 0.20 1.87 0.2016
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nIKH S e s i ;
rigin um of square of froedom ean square
A? 7.52 1 7.52 70.80 <0.0001
B? 7.97 1 7.97 75.02 <0.0001
c? 3.06 1 3.06 28.85 0.0003
#2% Error 1.06 10 0.11
45 Pure error 0.22 5 0.043
AT Lack of fit 0.85 5 0.17 3.93 0.0796
S Sum 20.79 19

T:P<0.001 fRFEM B3P <0.05 fLEDFE,

Note: P <0.001 indicated extremely significant difference ; P <0.05 indicated significant difference.
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Fig. 3 Response surface for the effect of crossinteraction among factors on the yield of flavonoids from C. quinoa seed
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Table 6 Design and result of response surface analysis

;Nf% A B C ! iﬁiﬁﬁ}?ﬁ
’ flavonoids( % )
1 0 0 1.680 7.53
2 0 0 0 8.79
3 1.682 0 0 7.57
4 0 0 0 8.41
5 0 0 0 8.73
6 -1 1 -1 6.64
7 0 0 -1 8.74
8 0 0 0 9.05
9 0 1.682 0 6.53
10 -1 -1 1 6.34
11 -1 1 1 5.61
12 0 0 -1.680 6.24
13 0 0 0 8.02
14 1 -1 -1 5.32
15 -1.682 0 0 5.83
16 1 1 -1 5.97
17 1 1 1 7.68
18 0 -1.682 0 5.14
19 1 -1 1 7.2
20 -1 -1 -1 5.98
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Table 7 Regression coefficients and significant test for quadratic polynomial model equation

e square of freedom ear square
%Y Model 29.1 9 3.23 22.67 <0.0001
A 1.50 1 1.50 10.52 0.0088
B 0.85 1 0.85 5.93 0.0352
C 1.90 1 1.90 13.30 0.0045
AB 0.18 1 0.08 1.26 0.2875
AC 2.27 1 2.27 15.91 0.0026
BC 0.30 1 0.30 2.13 0.1749
A? 6.66 1 6.66 46.71 <0.0001
B? 14.00 1 14.00 98.18 <0.0001
c? 5.54 1 5.45 38.19 0.0001
5% 7% Error 1.43 10 0.14
4lii% 2 Pure error 0.64 5 0.13
AT Lack of fit 0.78 5 0.16 1.21 0.4185
KRl Sum 30.52 19

T:P<0.001 fCFEM 3P <0.05 fLEDFE,

Note; P <0.001 indicated extremely significant difference; P <0.05 indicated significant difference.
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Fig. 5 Response surface for the effect of crossinteraction among factors on the yield of flavonoids from Chenopodium quinoa seed
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Table 8 Repeated experiments

Yie K _
KA 1 2 3 4 5 X RSD%
Times
53R Yield flavonoid — SALES AICL, 1.95 1.96 1.96 1.98 1.98 1.97 0.65
lfR%E AL(NOy),  6.27 6.28 6.20 6.26 6.24 6.25 0.49
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Table 9  Stability test
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Time ( min)
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