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Abstract

Extraction conditions were optimized using response surface methodology for preparing high-quality ethanol
extracts from cultivated Chrysanthemum petals. A fractional factorial design was applied to investigate effects
of solvent ratio to sample (X,), ethanol concentration (X,} and extraction time (X,) at 60°C on dependent
variables of the extract properties, such as yellow color (Y,), carotenoids (Y,), soluble solids (Y;), phenolic
compounds (Y,), electron donating ability (Y,), sensory color (Y,) and sensory aroma (Y.). Second-order
models were employed to generate 3-dimensional response surfaces for dependent variables and their
coefficients of determination (R’) were ranged from 0.8063 to 0.9963. Optimum extraction conditions for each
variable were 115 ml/g, 97%, 18 hr in yellow color, 145 mL/g, 50%, 12 hr in carotenoids, 147 ml/g, 48%, 17
hr in soluble solids, 116 mlL/g, 68%, 17 hr in phenolic compounds, 110 mL/g, 98%, 14 hr in electron donating
ability, 101 mlL/g, 48%, 54 hr in organoleptic color and 109 mL/g, 54%, 4 hr in organoleptic aroma, respectively.
The range of optimum conditions at 16hr extraction for maximized characteristics of ethanol extracts was 103~

122 mlL/g and 64~78%. Predicted values at the optimum condition agreed with experimental values.
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Table 1. Levels of extraction conditions in experimental
design

Levels
Xi  Extraction conditions
-1 0 1
X;  Solvent/sample (mL/g) 50 100 150
X,  Ethanol concentration (%) 20 60 100
Xs  Extraction time (hr) 4 16 28
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Table 2. Experimental data on functional properties” for ethanol extracts of Chrysanthemum morifolium
Exp Solvent Ethanol' Extraction ~ Color  Carotenoids SOlu.b le Phenolic DPPH Szgostr):y
No. Per sample  concentration time (hr)  (O.D) (mg%) solid compounds (O.D) ©
(mL/g) (%) (%) (0.D) color  aroma
1 50(-1) 20(-1) 16(0) 0.22 0.78 0.24 045 0.03 2.00 2.00
2 50(-1) 60(0) 4(-1) 0.32 0.64 0.24 0.51 0.04 400 425
3 50(-1) 60(0) 28(1) 0.35 1.20 0.26 0.58 0.05 4.00 2.50
4 50(-1) 100(1) 16(0) 0.85 1.17 0.29 0.48 023 2.70 3.00
5 100(0) 20(-1) 4(-1) 0.18 1.84 0.26 0.56 0.04 5.30 4.30
6 100(0) 20(-1) 28(1) 0.26 1.61 0.25 0.60 0.06 4.30 3.00
7 100(0) 100(1) 4(-1) 1.20 1.27 0.22 0.58 0.35 4.30 4.70
8 100(0) 100(1) 28(1) 1.38 0.89 0.24 0.70 0.25 400  3.00
9 150(1) 20(-1) 16(0) 0.27 2N 0.30 0.59 .49 4.00 5.00
10 150(1) 60(0) 4-1) 0.47 3.40 0.30 0.68 0.15 300 430
11 150(1) 60(0) 28(1) 0.86 2.36 033 0.74 0.08 3.80 3.00
12 150(1) 100(1) 16(0) 1.59 1.70 0.25 0.99 0.48 4.30 2.30
13 100(0) 60(0) 16(0) 0.47 1.72 0.26 0.67 007 300 270
14 100(0) 60(0) 16(0) 0.48 1.74 0.27 0.64 0.07 4.00 3.50
15 100(0) 60(0) 16(0) 0.48 1.73 0.27 0.65 006 400  3.50

“Color: yellow color intensity (O.D. in 450 nm).
Carotenoids (Values at O.D. in 450 nm).

Soluble solids (%).

Phenolic compounds (O.D. in 700 nm).

DPPH: electron donating ability to o,o.-diphenyl-B-picrylhydrazyl (O.D. in 528 nm).

Table 3. Taylor second equations calculated by RSM program for extraction condition of Chrysanthemum

morifolium

Response” Taylor second equation R’ Significance

Color (0.D) Y,=0.658-0.004X,-0.016X,-0.016X, 0.9965 0.0001
-0.0000002X,°+0.00008X,X,+0.000,X,’
+0.000,X,X;+0.00005X,X,+0.0001X5*

Carotenoids (mg%) Y,=-1.534+0.022X,+0.036 X:+0.061X; 0.9577 0.0062
+0.00007X,%-0.0001 X, X:-0.0001X,?
-0.0006X,X;-0.00007X,X,-0.00006 X,

Soluble solid (%) Y3=0.212-0.007X,+0.002X,+0.0006X+0.000008 0.8223 0.1554
X,7-0.00001X,X,-0.000002X,°+0.000003X: X;
+0.00001X,X,-0.00004X;’

Phenolic compounds (0.D) Y=0.464+0.00008X;-0.0019X,+0.006 X 0.8909 0.0552
-0.000002X,"+0.00005 X, X,-0.00001X,*
-0.000004X,X5+0.00004X:X5-0.0002X,”

DPPH (0.D) Y5=0.041-0.001X,-0.007X,+0.018X:+0.00003X 0.8538 0.1040
-0.00003X,X,+0.0001X,>0.00003X, X,
-0.00006X,X;-0.00004 X

Sensory color Y=1.535640.0473X,+0.0336X:-0.1767X; 0.9048 0.0408
-0.0001X,%-0.0003X,X,-0.000004X,*
+0.0003X,-0.0002X,X,+0.0035X5

Sensory aroma Y7=1.243540.0477X,+0.0425X,-0.1753X; 0.8839 0.0634

-0.0007X,%-0.0004 X, X2+0.00002X,"

-0.00019X,X5-0.0002X,X5+0.0033X,

"Color: yellow color intensity (O.D. in 450 nm).
Carotenoids (Values at O.D. in 450 nm).

Soluble solids (%).

Phenolic compounds (O.D. in 700 nm).

DPPH: electron donating ability to o,a-diphenyl-B-picrylhydrazy! (O.D. in 528 nm).

Sensory score: 6 points scales.
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Table 4. Predicted levels for physiochemical characteristics and sensory score of ethanol extracts from Chrysanthemum
morifolium yielding optimum responses by analysis of ridge

A E A A 303 A 53 (1998)

Levels for optimum responses”

Extraction i Sensory score
conditions Carotenoids ~ Soluble solids T"MONC 0T pppy
pounds color aroma
Solvent/sample (mL/g) 115 145 147 140 110 101 109
Ethanol concentration (%) 97 50 48 83 98 48 54
Extraction time (hr) 18 12 17 18 14 54 4
Morphology S.P S.P S.P S.P S.P S.p S.p

"Color: yellow color intensity (O.D. in 450 nm).
Carotenoids (Values at O.D. in 450 nm).
Soluble solids (%).

Phenolic compounds (O.D. in 700 nm).

DPPH: electron donating ability to o,a-diphenyl-B-picrylhydrazyl (O.D. in 528 nm).

Sensory score: 6 points scales.
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Fig. 3. Contour map of seluble solid in ethanol extracts
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Fig. 4. Contour map of phenolic compounds in ethanol
extracts from Chrysanthemum morifolium.
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Sensory score (color)

Fig. 6. Response surface of semsory score (color) in
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Table 5. The optimum range of ethanol extraction con-
ditions for response variables” yielding optimum re-
sponses by superimposing of contour maps for petals
of Chrysanthemum morifolium

Solvent/sample Ethanol concentration Extraction
(mL/g) %) time (hr)
95~113 58~78 16

“Color: yellow color intensity (O.D. in 450 nm).

Carotenoids (Values at O.D. in 450 nm).

Soluble solids (%).

Phenolic compounds (O.D. in 700 nm).

DPPH: electron donating ability to o,c-diphenyl-B-picrylhy-
drazyl (O.D. in 528 nm).

Sensory score: 6 points scales.
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Table 6. Predicted and experimental values of response
variables for ethanol extracts from Chrysanthemum
morifolium at a given condition within the range of
optimum-extraction conditions

Response variables Predicted values Experimental
values
Yellow color 0.47~0.89 0.79
Carotenoids 1.50~2.00 1.59
Phenolic compounds 0.60~0.70 0.71
DPPH 0.07~0.14 0.09
Soluble solids 0.27~0.29 0.29
Sensory score (color) 3.38~3.72 3.67
Sensory score (aroma) 2.90~3.36 3.33

"Color: yellow color intensity (O.D. in 450 nm).

Carotenoids (Values at O.D. in 450 nm).

Soluble solids (%).

Phenolic compounds (O.D. in 700 nm).

DPPH: electron donating ability to o,a-diphenyl-B-picrylhy-
drazyl (O.D. in 528 nm).

Sensory score: 6 points scales.

Z4zy vepgget. o] Al FRdAS AEe] S
of -z W el e HAH &, gofn) 112
ml/g, A& FE 7192 FE227& AYste] AA
Z2Z2A8-& AAStT oL 528 7)EH B &
Asle] B A3}, Table 63 70| AlA] S-S o5
HEF A8 fFo g vwHE ). ole} ke FHA
FEZAEL 55 ds] zegoR s S0 o
2}l wEkEe] A S ole AR, 352 A
Abah sF, gent 2o sfAdsly e v BEAL

sl 712488 849 7o)

2 %

AeFF) A=re) #9)S o] h3te] ST FASA
o] NEEFEES duA B H A 93 &
2718 A3} st TAEAAZ N g} ARl
gt Sufnj(X), g FEX), FE2ATX)IE &
ISR 3l FEE B F, FHR(Y), 712H
o= JHE(Y,), THA YY), HEA S§E
ZH(Y.), AAREAS(Ys), Hed 43 (Y., Yorg 7
7t FEWLR 3l 60°Coll M F5-& AAE T 2
24 APANE 35k 33 kRPN
& AA sl B e, S4Bl A3t AAATRD)
= 0.8223~0.9965 ¥ 9l 2 Jehdr}d. 2289 5)5H
EAES Fdstaly] H% ARFE21e d4est
Algol g S9iu] 115 mL/g, olEh-E % 97%, 3
27} 18 hr, 7}5E| o) = §Hek 145 mL/g, 50%, 12
hr, 7F8-A] 518 2 147 ml/g, 48%, 17 hr, sl&A 3¢

% 33} 116 mL/g, 68%, 17 hr, R A}-T2o3 218 110 mL/
g, 98%, 14 hr, 54 A& 101 mL/g, 48%, 54 hroll
A, 82 109 mL/g, 54% % 4 hr 7Y o] Hoighs
vetisich 3559 o9 715d EAS weg &
227 HAE A3 & B ) AR g £
103~122 (mL/g), A& ‘=% 64~78 (%), &7} 16
(hnZ el Az Ao Pzl oetg 55
o] A&E2 AA FAHAH FA% ELE ¥l
sllet.

£ #

1§44 A E RS, olpteulMA, p.536
(1990)

OV hRPAIE T, BHEAL, p.648 (1989)

LRl E Al EgLE], wled Al pa5T (1977)

CFAAL Fokd R (19989 24 28Ut

. Danbensky, R and Andrew, G.: In Chinese Herbal
Medicine, Eastland Press, Seattle, p.59 (1986)

. Nam, S.H. and Yang, M.S.: Antibacterial activities of
extracts from Chrysanthemum boreale M. (in Korean). J.
Agric. Food Chem., 38, 269-272 (1995)

7. Nam, S.H. and Yang, M.S.: Isolation of cytotoxic sub-
stances from Chrysanthemum boreale M. (in Korean). J.
Agric. Food Chem., 38, 273-277 (1995)

8. Park, N.Y. and Kwon, J.H.: Chemical composition of
petals Chrysanthemum spp.. J. Food Sci & Nutri., 2,
304-309 (1997)

9. Uchio, Y., Tomosue, K., Nakyyama, M., Yamamura, A.
and Waki, T.: Constituents of the essential oils from
three tetraploid species of Chrysanthenum. Phytochemistry,
20, 2691-2693 (1981)

10. Park, N.Y., Kwon, JH. and Park, LH.: Stability of
carotenoids pigments of Chrysanthemum petals (in Korean).
Korean J. Post-harvest Sci. Technol. Agri. Products,
4(3), 331-335 (1997)

11. Park, N.Y., Lee, G.D., Jeong, Y.J.. Kim, H.K. and
Kwon, J.H.: Optimization for electron donating ability
and organoleptic properties of ethanol extracts from
Chrysanthemum petals (in Korean). Korean J. Food Sci.
Technol., 30, 523-528 (1998)

12. Park, N.Y., lee, G.D., Jeong, Y.J. and Kwon, J.H.:
Optimization of extraction conditions for physicochemical
properties of ethanol extracts from Chrysanthemum petals
(in Korean). Korean J. Food Sci & Nutri., in press (1998)

13. Park, N.Y., Jeong, Y.J. and Kwon, J.H.: Nutritive value
and functional properties of protein concentrate fractionated
from chrysanthemum flowers. J. Food Sci. & Nutri., in
press (1998)

14. Kang, K.C., Park, J.H., Baek, S.B., Jhin, H.S. and Rhee,
K.S.: Optimization of beverage preparation from Schi-
zandra chinensis bailon by response surface methodology
(in Korean). Korean J. Food Sci. Technol, 24, 74-81
(1992)

15. SAS : SAS/STAT : User's Guide Version 6, 4th ed., Ch.
37, Vol. 2, p.1457. SAS Institute Inc., Cary, NC, U.S.A.

[V N S

=3



1196

16.

17.

18.

19.

20.

(1995)

Park, N.Y.: Volatile flavors of wild and cultivated
Chrysanthemums and optimization of ethanol extraction.
M.S. Thesis, Kyungpook National Univ., Seoul, Korea
(1995)

Sung, H.S.: Studies on the effect of extracting con-
ditions on the physicochemical properties of korean
ginseng extract. Ph. D. Dissertation, Hanyang Univ.,
Seoul, Korea (1983)

Pyeun, J.H., Park, Y.H. and Lee, K.H.: Factors involved
in the quality retention of cultured Undaria pinnatifida
(in Korean). Bull. Korean Fish. Soc., 10(2), 125-130
1977)

Amerine, M.A. and Ough, C.S.: Methods for Analysis
of Musts and Wine. John Wiley & Sons., New York, p.
177 (1980)

Blois, M.S.: Antioxidant determinations by the use of a

21
22

23.

24.

TAFAY3A] A 30H A 5E (1998)

stable free radical. Nature, 181, 1199-1202 (1958)
RS, o193 AE] Tl AL, p. 241 (1989)
Oh, S.L., Kim, S.S., Min, B.Y. and Chung, D.H.: Com-
position of free sugars, free amino acids, non-volatile
organic acids and tannins in the extracts of L. chinensis
M., A. acutiloba K., S. chinensis B. and A. sessiliflorum
S, 22, 76-81 (1990)

Kim, N.M., Sung, HS. and Kim, W.J.: Effect of solvents
and some extraction conditions on antioxidant activity
in cinnamon extracts (in Korean). Korean J. Food Sci.
Technol., 25(3), 204-209 (1993)

Kim, N.M,, Yang, J.W. and Kim, W.J.: Effect of ethanol
concentration on index components and physicochemical
characteristics of cinnamon extracts (in Korean). Korean J.
Food Sci. Technol, 25(3), 282-287 (1993)

(19983 89 14 A<)



