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The optimization of extraction conditions of phytoestrogen from pomegranate by hot water was
conducted by analyzing the extraction characteristics. The purpose of this study was effective uti-
lization of bioactive components of pomegranate, and the analyzing was performed with response
surface methodology (RSM). This study established 10 sections based on the central composite
design with the independent variables of extraction temperature (60, 70, 80, 90, 100°C) and extrac-
tion time (1, 2, 3, 4, 5 hr) to predict the optimal conditions for extraction of the effective compo-
nents. The dependent variables were measured for extracted materials, those were, the major
components such as chlorogenic acid, kaempferol, 17-c-estradiol and 17-B-estradiol content, and
regression analysis was performed by SAS program, and optimal conditions for each characteristics
were predicted, and the characteristics of extraction were analyzed by response surface methodol-
ogy. It was found that chlorogenic acid, kaempferol, and 17-c-estradiol content were greatly
affected by extraction temperature. However, 17-f-estradiol content was affected significantly by
extraction time. Regression formulas for each variable were elicited from this study, and the chlo-
rogenic acid, kaempferol, 17-c-estradiol and 17-B-estradiol content depending on response surface
methodology factor were superimposed. It was shown that optimal temperature and extraction time
were 98~100°C and 3~5 hrs, respectively.
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Table 1. Level of extraction conditions

Extraction condition -2 -1 0 1 2
X1 Temp. (°C) 60 70 80 90 100
X2 Time (hr) 1 2 3 4 5
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Table 3. Proximate compositions of pomegranate (unit: %)
Moisture  Crude protein  Crude lipid Ash Carbohydrate
76.60 0.82 0.54 0.74 21.30

Table 2. Operating conditions of HPLC for the analysis of chlorogenic acid, kaempferol, 17-c~estradiol and 17-B-estradiol

Conditions

Items
Chlorogenic acid

17-a-estradiol

Kaempferol 17-B-estradiol

Column Spherisorb ODS (4.6 mmX 250 mm)

Column temp. 35°C

Acetonitrile : water

Mobile phase (1% H,PO) = 15 : 85
Flow rate 0.6 m/min
Detector UV 220 nm

XTerra RP18 (30 mm>X 250 mm)

Spherisorb ODS (4.6 mm>X 250 nm)
40°C
Acetonitrile : water = 60 : 40
(pH 3 in acetic acid)
1.0 m//min
UV 254 nm

35°C
Acetonitrile : water
(0.5% H,P0O,)=50:50
1.0 m//min
UV 254 nm




354

Temperature (C)

53.86

5
Time (hr}

65.71 ]

57.39 1

Chiorogenic acid content {mg %)

53.23 |
100.00

233 @
86.67 <€

73.33
Temperature (t)

s0.00 100

Fig. 1. Contour (top) and response surface plots (bottom) of
chlorogenic acid contents in pomegranate.
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Fig. 2. Contour (top) and response surface plots (bottom) of
kaempferol contents in pomegranate.
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Table 4. Experimental data on chlorogenic acid, kaempferol, 17-c-estradiol and 17--estradiol contents of pomegranate under different
conditions based on central composite design for response surface analysis

Extraction conditions

Major component contents (mg %)

Exp. No.
Temperature (°C) Time (hr) Chlorogenic acid Kaempferol 17-a-estradiol 17-B-estradiol
1 90 4 64.68 0.051 0.0417 0.0300
2 90 2 63.14 0.048 0.0367 0.0277
3 70 4 61.59 0.050 0.0394 0.0297
4 70 2 58.72 0.045 0.0312 0.0257
5 80 3 60.54 0.049 0.0355 0.0274
6 80 3 60.54 0.049 0.0355 0.0274
7 100 3 65.72 0.051 0.0402 0.0305
8 60 3 55.59 0.043 0.0315 0.0238
9 80 5 61.36 0.050 0.0381 0.0292
10 80 1 59.50 0.037 0.0292 0.0217
100 100
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Fig. 3. Contour (top) and response surface plots (bottom) of 17-a
-estradiol contents in pomegranate.
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Table 5. Predicted levels of optimum conditions for extraction condition of pomegranate by the ridge analysis

Responses R? Pro>F Temp.(°C) Time(hr) Maximum (mg %) Morphology

Chlorogenic acid 0.9061 0.0350 99.99 3.01 65.70 Saddle point
Kaempferol 0.9374 0.0161 98.40 3.78 0.051 Maximum

17-a-estradiol 0.9130 0.0303 99.29 3.53 0.0409 Saddle point
17-B-estradiol 0.8872 0.0495 98.71 3.71 0.0305 Maximum

Table 6. Regression analysis for regression model of chlorogenic acid, kaempferol, 17-o-estradiol and 17-B-estradiol contents in extraction

conditions of pomegranate

Extraction conditions F-Ratio Chlorogenic acid Kaempferol i;:g:::g:gilgl]
Temperature (°C) 11.82%%* 4.81% 5.46% 3.47
Time (hr) 1.14 15.94%* 8.66%* 7.17%*
*Significant at 10% level; **Significant at 5% level; ***Significant at 1% level
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