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Optimization of Extraction Conditions for Hot Water Extracts from Chrysanthemum indicum L
by Response Surface Methodology
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Department of Food & Nutrition, Myongji University

Abstract

Extraction conditions were optimized using response surface methodology for preparing high-quality, hot water
extracts from cultivated Chrysanthemum indicum L. petals, A fractional factorial design was applied to investigate
the effects of added sample ratio (X;), extraction temperature (X;) and extraction time (X3) variables on extract
properties, such as, soluble solid contents (Y1), sugar content (Yz), ?E (Y3), turbidity (Ya), total phenol (Ys) and
DPPH (Ys). Second-order models were employed to generate a 3-dimensional response surface for dependent
variables and their coefficients of determination (R) ranged from 0.8408~0.9914. The range of optimum conditions
at 80°C extraction for maximize characteristics of hot water extracts was 2.3~2.7 g and 9.2~11.2 hr.
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Table 1. Levels of extraction conditions in experimental design

. . . Levels
Xi Extraction conditions 2 1 0 1 >
X1 Added sample ratio (%) 1 2 3 4 5
X2  Extraction temperature (C) 60 70 80 90 100
X3 Extraction time (hrs) 3 6 9 12 15
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Table 2. The fractional factorial design by RSM(computer
program) to optimize water-extraction conditions for the
preparation of extracts from Chrysanthemum indicum L.

Treatment Added sample t(i’:}i:;f;e Extraction
number ratio (%) ) time (hrs)

1 2(-1) 70(-1) 6(-1)

2 2(-1) 70(-1) 12(1)

3 2(-1) 90(1) 6(-1)

4 2(-1) 90(1) 12(1)

5 4(1) 70(-1) 6(-1)

6 41) 70(-1) 12(1)

7 4(1) 90(1) 6(-1)

8 4(1) 90(1) 12(1)

9 3(0) 80(0) (0)]

10 30 80(0) 9(0)

11 1(-2) 80(0) 9(0)

12 5(2) 80(0) 90

13 3(0) 60(-2) 9(0)

14 3(0) 100(2) 9(0)

15 3(0) 80(0) 3(-2)

16 3(0) 80(0) 15(2)
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Fig. 1. Contour map for the effect of soluble solid contents at
hot water extraction from petals of Chrysanthemum indicum L.
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Table 3. Soluble solid contents, sugar content, color value(AE), Turbidity, Total phenol contents, DPPH contents of hot water
extracts from Chysanthemum indicum L.

Added Extraction Sugar

sample temperature l?xtraction Soluble solid content AE Turbidity Total phenol DPPH
ratio (%) 0 time (hrs)  contents (%) Brix) (660 nm) (mg/100 mL) (%)
2(-1) 70(-1) 6(-1) 0.76 11 77.047 0.078 9.457 48.89
2(-1) 70(-1) 12(1) 1.01 1.1 77.007 0.078 11.386 5178
2(-1) 90(1) 6(-1) 1.23 1.2 76.460 0.079 16.862 56.78
2(-1) 90(1) 12(1) 1.74 L5 76.053 0.081 16.910 61.70
4(1) 70(-1) 6(-1) 1.38 2.1 77.477 0.158 26.517 59.19
4(1) 70(-1) 12(1) 1.95 22 75.837 0.160 28.179 68.50
4(1) 90(1) 6(-1) 2.04 2.3 77.010 0.163 26.886 59.46
4(1) 90(D) 12(1) 2.74 25 76.630 0.165 27.052 74.23
3(0) 80(0) 9(0) 1.97 1.8 76.687 0.080 18.148 56.12
3(0) 80(0) 90} 1.97 1.9 76.837 0.081 20.100 57.43
1(-2) 80(0) 9(0) 1.01 0.8 76.210 0.042 6.707 45.37
5(2) 80(0) 9(0) 2.55 2.7 77.040 0.170 26.898 69.07
3(0) 60(-2) 9(0) 1.17 14 76.553 0.079 14910 49.12
3(0) 100(2) 9(0) 1.96 20 76.163 0.100 28.893 71.11
30 80(0) 3(-2) 1.01 1.8 76.947 0.080 18.267 55.74
3(0) 80(0) 15(2) 1.96 1.9 76.272 0081 - 18.850 70.74
Table 4. Polynomial equations calculated by RSM program on quality test for processing of extracts from petals of
Chrysanthemum indicum L
Response Polynomial Model equation” R’
Soluble solid  r=-7.643125+0.246875*x+0.164438*y+0.130625%*2-0.047500%x2+0.003125*y*x-0.001013*y"2+ 09776
contents(%) 0.021250*z*x+0.001625*2*y-0.013472*2"2 )
Sugar content  r=-2.343750+0.650000*x+0.058750*y-0.116667*z-0.025000*x"2+0.0*y*x-0.000375*y"2+0.00*z*x+ 09914
(°Brix) 0.001667*z*y+0.000%2"2 )
AE 1=77.537125-0.943687*x+0.045631*y-0.104312%2-0.034250*x ~2+0.023338*y*x-0.001010*y"2- 0.9092
0.065542*z*x+0.003721*z*y-0.004236%2"2 )
Turbidity r=-1.809625+0.644438*x+0.071981*y-0.113104%2-0.025750*x *2+0.000087500*y*x-0.000458*y2- 0.8408
(660 nm) 0.000125*z*x+0.001638%*z*y-0.000125%2"2
Total phenol  r=18.4312-0.008375*x-0.003550*y-0.000750%2+0.006375*x"2+0.000075000*y*x+0.0000225000*y "2+ 09897
(mg/100 mL) 0.000083333*2*x+0.000008333*2*y+0*z"2 )
DPPH =-66.96875-11.039375*x+0.677313*y+0.504375%z+2.350000%x2-0.082625*y*x+0.001437*y"2- 09452
(%) 0.307917*2*x+0.031375%z*y-0.077639%*z"2

1) X; : Added concentration(%) of petals of Chrysanthemum indicum L.
X : Extraction temperature(C)
X3 Extraction time(Min)
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Fig. 2, Response surface for the effect of sugar content(°Brix) at
hot water extraction from petals of Chrysanthemum indicum L
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water extraction from petals of Chrysanthemum indicum L.
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