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Abstract

To renew interest in Chrysanthemum boreale as a traditional food material, response surface meth-
odology was used for optimizing extraction conditions and monitoring physicochemical properties
of ethanol extracts from Chrysanthemum petal. The phenolic compounds of ethanol extracts were
minimized in 87ml/g(solvent per sample), 21%(ethanol concentration), and 15 hours(extraction time). The
physicochemical properties of ethanol extracts were maximized in the conditions of 115ml/g, 98%
and 16 hours on yellow color intensity, 143ml/g, 75% and 19 hours on carotenoid content, and 148ml/g,
53% and 18 hours on soluble solid content. Optimum ranges of extraction conditions for physicochemical
properties of Chrysanthemum boreale were 130~150ml/g, 70~85% and 20~ 28 hours, respectively.
Predicted values at the optimum extraction condition were in good agreement with experimental values.
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Table 1. Levels of extraction conditions in experimental
design

Levels
-1 0 1

X1 Solvent per sample (ml/g) 50 100 150
Xz Ethanol concentration (%) 20 60 100
X3 Extraction time (hrs) 4 16 28
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Table 2. Experimental data on physicochemical properties for ethanol extracts of Chrysanthemum boreale
Extraction conditions Physicochemical properties”
Bxp Solvent per Ethanol. Exraction Color Carotenoids Phenoh?j Soluble
sample (ml/g) conc?r(}/tgatlon time(hrs) (0.D) (mg%) cor(n(g)%lr; s solid(%6)
0 L.

1 50(-1) 20(-1) 16( 0) 012 0.45 0.18 0.26
2 50(-1) 60( 0) 4(-1) 0.18 0.35 0.22 0.26
3 50(-1) 60( 0) 28( 1) 0.27 0.76 025 0.31
4 50(-1) 100C 1) 16( O) 0.40 094 0.33 0.22
5 100¢ 0) 20(-D 4(-1) 0.11 0.54 0.19 0.27
6 100¢ 0) 20(-1) 28( 1) 015 0.64 0.19 0.24
7 100( 0) 100( 1) 4(-1) 0.75 0.79 0.40 0.17
8 100¢ 0) 100 1) 28( 1) 0.65 0.97 0.41 0.21
9 150( 1) 20(-1) 16( 0) 0.15 0.86 0.24 0.30
10 150¢ 1) 60( 0) 4(-1) 0.25 0.90 0.42 027
11 150( 1) 60( 0) 28( 1) 0.46 2.52 0.46 0.33
12 150( 1) 100 1 16( 0) 0.79 2.60 0.55 0.25
13 100¢ 0) 60( 0) 16( 0) 0.30 0.79 0.27 0.28
14 100¢ 0) 60( 0) 16( 0) 0.30 0.78 0.26 0.28
15 100¢ 0) 60( 0) 16( 0) 0.30 0.80 0.26 0.29

YColor: yellowing color intensity(450nm), carotenocids: O.D. in 450nm, phenolic compounds: O.D. in 700nm, and soluble solid

content(mg%).

Table 3. Taylor second equations calculated by RSM program for Chrysanthemum boreale

Responses Taylor second equations R? Significance
Color(0.D.) Y;1=0.113056 4 0.000600X:1-0.004021 X2-0.002569X-0.00001 200X, +0.0000450  0.9637 0.0043
XX+ 0.000059375X° +0.0000500X 1 X3-0.00007291 7X X3+ 0.000139X5”
Carotenoids Y2=2.115417-0.039297X;-0.008448X5-0.013854X 3+ 0.000164X,° +0.000156 X1 X2  0.8821 0.0655
(mg%) +0.000007813X5% +0.000504X,: X3+ 0.000041667X 2X3-0.000469X5°
Phenolic Y3=0.311481-0.00308X,~0.0001 15X2-0.005081 X3 +0.000020333X,” + 0.0000200  0.9847 0.0005
compounds(0.D.) X1X2+0.000006771X5% +0.000004167X, X3+ 0.000005208X 2X3 +0.000162X5”
Soluble Y4=0.271308-0.001508X 1 -+ 0.002448 X2 +0.001516X3 +0.000008833X,2-0.000001  0.9269 0.0223
solid(%) 250X, X2-0.000029948 X% +0.000004167X, X5+ 0.000036458X2X3-0.00008969
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Fig. 3. Response surface for phenolic compound contents
of ethanol extracts at constant values(0.D.) in
700nm: 0.20-0.30-0.40) as a function of solvent
per sample, ethanol concentration and extraction

time.

Fig. 1. Response surface for yellow color intensity of
ethanol extracts at constant values(0.D.) in 450nm:
0.15-0.30-0.45-0.60) as a function of solvent per
sample, ethanol concentration and extraction time.
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1.0-1.5-2.0) as a function of solvent per sample,
ethanol concentration and extraction time.
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Table 4. Predicted levels for physicochemical properties of ethanol extracts from Chrysanthemum boreale yielding

optimum responses by analysis of ridge

Extraction Levels for optimum responses
conditions Color Carotenoids Phenolic compounds Soluble solids
Solvent per sample(ml/g) 115 143 87 148
Ethanol concentration(%) 98 75 21 53
Extraction time(hrs) 16 19 15 18
Morphology” SP SP min SP
(max) (max) (min) (max)

YMorphology(optimum values)

Table 5. The optimum range of ethanol-extraction
conditions for response variables”’ yielding
optimum responses by superimposing of con-
tour maps for petals of Chrysanthemum boreale

Extraction Solvent per EthanolA Ext{action
conditions sample  concentration time
(ml/g) (%) (hrs)
Optimum condition 130~150 70~85 20~28
ranges
Given conditions 140 80 25

1)Carotenoid, phenolic compound and soluble solid
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Fig. 5. Superimposed response surface for optimization
of physicochemical properties(carotenoid, phe—
nolic compound and soluble solid) of ethanol
extracts as a function of solvent per sample,
ethanol concentration and extraction time.
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Table 6. Predicted and experimental values of response
variables for ethanol extracts from Chrysan-
themum boreale at a given condition” within
the range of optimum extraction conditions

. Predicted  Experimental
Response variables
values values
Color(Q.D.) 0.52 0.58
Carotenoids(mg?%) 0.78 0.72
Phenolic compouds(Q.D.) 0.32 0.36
Soluble solids(%) 0.28 0.30

Given condition: 140ml/g in solvent per sample, 809 in
ethanol concentration and 25 hrs in extraction time.
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