Al

J. Korean Soc. Food Sci. Nutr. harAl

32(3), 338 ~345(2003)

Changes in Phenolic Compounds Properties of Rubi Fructus
Extract Depending on Extraction Conditions

Sung-Ran Yoon, Young-Jin Jeong®*, Gee-Dong Lee** and Joong-Ho Kwon'

oft

o opshet )]

Dept. of Food Science and Technology, Kyungpook National University, Daegu 702-701, Korea

*Dept. of Food Science and Technology, Keimyung University, Daegu 704-701, Korea
**Dept. of Fermented Food, Kyongbuk College of Science, Chilkok 718-850, Korea

Abstract

Response surface methodology was used for monitoring changes in phenolic compounds properties of Rubi
Fructus extract depening on extraction conditons. The three independent variables (extraction conditions) were
ratio of solvent to sample content (5, 10, 15 mL/g), ethanol concentration (20, 40, 60%) and extraction time (2,
4, 6 hr). It was anticipated that each of the five dependent Y variables (responses) would be affected by the three
independent variables. The dependent responses were total yield, total phenolics content, electron donating ability,
antioxidant ability and nitrite-scavenging ability (pH 1.2, 3.0, 4.2, 6.0). Total yield, total phenolics content, electron
donating ability and antioxidant ability were affected by ratio of solvent to sample content. Nitrite-scavenging
ability at pH 1.2 and pH 6.0 was affected by ethanol concentration, while it was affected by extraction time
at pH 3.0 and pH 4.2. The optimum extraction conditions for total yield were 14.16 mL/g ratio of solvent to
sample content, 39.08% ethanol concentration and 2.99 hr extraction time. The maximum total phenolics content
of extracts were shown at 14.06 mL/g ratio of solvent to sample content, 35.51% ethanol concentration and

3.15 hr extraction time.
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Table 1. The fractional factorial design for optimization of
extraction conditions for Rubi Fructus

Experiment Ratio of solvent Ethanol Extraction

‘number” to sample concentraion time
content (mlL/g) (%) (hr)

1 5(-1) 20(-1) 4( 0)

2 5(-1) 400 0) 2(-1)

3 5(-1) 40( O) 6( 1)

4 5(-1) 60( 1) 4( 0)

5 10 0) 20(-1) 2(-1)

6 10C 0) 20(-1) 6( 1)

7 100 0) 40( 0) 2(-1)

8 100 O) 40( 0) 6( 1)

9 15( 1) 60( 1) 4 0)

10 15C 1) 40( 0) 2(-1)
11 15 1) 400 O 6( 1)
12 15( 1) 60( 1) 2(-1)
13 10¢ 0) 40( 0) 4C 0)
14 10¢ 0) 40( O 40 0
15 10 0) 40( 0) 40 0)

“The number of experimental conditions by fractional factorial
design.
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Table 2. Experimental data on total yield, total phenolics con-
tent, electron donating ability and antioxidant ability of Rubi
Fructus extract under different.conditions based on the frac-
tional factorial design for response surface analysis

Total Electron Antioxidant
Exp. Total vield phenolics donating b
No”  (g/100 g) content ability (%, EszlI}gt)g’
(mg/100 mL) 100 dilution)
1 16.00 380.04 28.23 1.059
2 19.17 500.94 36.44 1.099
3 17.07 42997 31.26 1.067
4 15.29 378.36 26.11 1.062
5 19.23 517.66 35.47 1.086
6 17.39 459.87 32.42 1.070
7 19.02 487.12 35.14 1.085
8 18.29 476.20 34.39 1.077
9 20.81 582.50 40.82 1.168
10 20.58 564.73 40.27 1.131
11 19.27 533.61 37.68 1.109
12 20.38 519.17 35.77 1.091
13 20.91 576.3 40.79 1.136
14 20.29 558.07 39.96 1.127
15 20.50 560.15 39.54 1.123
YThe number of experimental conditions by fractional factorial
design.

?AL Antioxidant index.
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Table 3. Experimental data on nitrite-scavenging ability (pH
1.2, 3.0, 4.2 and 6.0) of Rubi Fructus extract under different
conditions based on the fractional factorial design for response
surface analysis

Exp. Nitrite-scavenging ability (%)
No'  pH 12 pH 3.0 pH 4.2 pH 6.0
9.53 86.36 30.69 20.35
2 95.56 88.27 35.54 17.38
3 94.07 78.21 27.87 14.90
4 94.37 67.11 23.84 8.38
5 94.44 61.11 14.48 14.98
6 94.44 87.88 31.03 17.92
7 89.44 71.81 28.11 757
8 93.66 5839 15.30 4724
9 95.14 89.90 34.83 1824
10 9259 67.04 16.72 5.96
1 96.30 87.15 32.75 1391
12 92.95 71.81 23.13 263
13 96.30 87.71 3415 11.92
14 94.07 87.71 32.75 12.25
15 94.07 87.15 33.80 9.60

YThe number of experimental :conditions by fractional factorial
design.
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Fig. 1. Response surface for total yield of ethanol extracts
from Rubi Fructus at constant values (total yield (g/100 g):
16-18-20) as a function of ratio of solvent to sample content,
ethanol concentration and extraction time for the effects of
extraction conditions.
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Table 4. Polynomial equations calculated by RSM program for extraction of Rubi Fructus

Responses Polynomial equations” R? Significance
Total yield Y1 = 8.826667 +0.993417X; +0.261104X2 +0.332017X3 +0.000700X, X2+ 0.8747 0.0754
(g/100 g) 0.019750X X3+ 0.006937X2X3 - 0.038133X,” - 0.003733X>*-0.147708X 3 ' ‘
Total phenolics content Y2 = 50.718333 + 46.041833X, + 12.067958X >+ 4.990833Xs - 0.124125X,Xo + () 5o 0.0223
(mg/100 mL) 0.996250X, X5+ 0.292937X:X3 - 1.554717X,% - 0.152420X - 4668220Xs" '
Electron donating ability Y3 = 4.626667 +2.969167X1 +0.923354X2+0.116042X;5 - 0.007325X, X0+ 0.8651 0.0507
(EDA%, 100 dilution) 0.064750X 1 X5+ 0.014375X2X3 ~ 0.106133X,” - 0.011777X,” - 0.257708X5° . '
. . Y1 = 0.830167 +0.016967X +0.006942X2 +0.033292X;5 - 0.0002X,X> + ‘
Antioxidant ability 0.000250X,Xs + 0.00005X:X - 0.000233X,° - 0.000069583X-” ~0.005333%, 08946 0.0512
Nitrite-scavenging ability ~ Ys= 101178333 - 1.110917X; +0.032646X; - 0.191667Xs - 0001825X1Xo+ () oocg 0.0598
(pH 1.2, %) 0.130000X, X3+ 0.026375X2X3+0.027883X,% — 0.002345X,” - 0.220104X5” ' '
Nitrite-scavenging ability Y5 = 20.238333 - 3.890917X, +2.524771X>+20.320833X5+0.002900X,Xe+ (o e 00117
(pH 3.0, %) 0.754250X1X3 - 0.251188XX3+0.032833X,” - 0.023873X>” - 2.044167Xs" '
Nitrite-scavenging ability Y7 = ~16.433333 - 2.366083X, +1.869604X,+ 13410417X; - 0012125X:Xa+ (5909 0.0463
(pH 4.2, %) 0.592500X1X3 - 0.183500X2X3+0.010917X,” - 0.014293X5" - 1.404896Xs" '
Nitrite-scavenging ability  Ys = 38.181667 - 2.324583X, - 0.128521X - 2.624583X; - 0.009100X: X+ ) gea0 0.0078
(pH 6.0, %) 0.273250X1X3 ~ 0.020438X X5 +0.052567X,% + 0.000198X-° +0.147917X5” ' )

UX,: Ratio of solvent to sample content (mL/g), X Ethanol concentration (%), X3 Extraction time (hr).

Table 5. Predicted levels of extraction conditions for the maximum responses of variables by the ridge analysis

Responses X X2 . O Maximum Morphology
Total yield (g/100 g) 14.16 39.08 2.99 24.46 Maximum
Total phenolics content (mg/100 mL) 14.06 35.51 3.15 596.40 Maximum
Electron donating ability (EDA%, 100 dilution) 13.62 36.77 2.96 42.00 Maximum
Antioxidant ability 14.65 33.12 3.76 1.155 Maximum
Nitrite-scavenging ability (pH 1.2, %) 5.40 33.15 3.62 96.30 Saddle point
Nitrite-scavenging ability (pH 3.0, %) 13.41 30.44 5.11 93.26 Saddle point
Nitrite-scavenging ability (pH 4.2, %) 13.35 30.48 514 36.42 Saddle point
Nitrite-scavenging ability (pH 6.0, %) 761 22.50 4.14 1756 Saddle point

YX,: Ratio of solvent to sample content (mL/g), X Ethanol concentration (%), *Xs: Extraction time (hr).
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Fig. 2. Response surface for total phenolics content of ethanol
extracts from Rubi Fructus at constant values (total phenolics
content (mg/100 mL): 450-500-550) as a function of ratio of
solvent to sample content, ethanol concentration and extrac-
tion time for the effects of extraction conditions.
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Table 6. Regression analysis for regression model of the total yield, total phenolics content, electron donating ability and

antioxidant ability in the extracton condition

F-Ratio

Extraction condition

. Total phenolics Electron donating Antioxidant
Total yield content ability ability
Ratio of solvent to sample content (mL/g) 5.828" 10.914™ 6.637" 6.087"
Ethanol concentration (%) 1.899 4.420° 3.659° 4175
Extraction time (hr) 1.376 1.624 0.970 2.050

“Significant at 10% level, “significant at 5% level.
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Fig. 3. Response surface for electron donating ability of eth-
anol extracts from Rubi Fructus at constant values (electron
donating ability (EDA %, 100 dilution): 30-35-40) as a func-
tion of ratio of solvent to sample content, ethanol concentration
and extraction time for the effects of extraction conditions.
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Fig. 4. Response surface for antioxidant ablilty of ethanol ex-
tracts from Rubi Fructus at constant values (A.L:: 1.10-1.13-
1.15) as a function of ratio of solvent to sample content, eth-
anol concentration and extraction time for the effects of
extraction conditions.
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Fig. 5. Response surface for nitrite-scavenging ablility (pH
1.2) of ethanol extracts from Rubi Fructus at constant val-
ues (nitrite-scavenging ability (%): 90-93-95) as a function
of ratio of solvent to sample content, ethanol concentration
and extraction time for the effects of extraction conditions.
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Fig. 6. Response surface for nitrite-scavenging ablility (pH
3.0) of ethanol extracts from Rubi Fructus at constant values
(nitrite-scavenging ability (%): 80-87-93) as a function of
ratio of solvent to sample content, ethanol concentration and
extraction time for the effects of extraction conditions.
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Fig. 7. Response surface for nitrite-scavenging ablility (pH
4.2) of ethanol extracts from Rubi Fructus at constant values
(nitrite-scavenging ability (96): 80-85-90) as a function of
ratio of solvent to sample content, ethanol concentration and
extraction time for the effects of extraction conditions.

Extraction time (hr)

Fig. 8. Response surface for nitrite-scavenging ablility (pH
6.0) of ethanol extracts from Rubi Fructus at constant values
(nitrite-scavenging ability (%): 5-10-15) as a function of
ratio of solvent to sample content, ethanol concentration and
extraction time for the effects of extraction conditions.
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Table 7. Regression analysis for regression model of the nitrite-scavenging ability (pH 1.2, 3.0, 4.2 and 6.0) in the extraction

condition
F-Ratio
Extraction condition Nitrite-scavenging ability
pH 1.2 pH 3.0 pH 4.2 pH 6.0
Ratio of solvent to sample content (ml/g) 2.826 2.987 2.664 6795
Ethanol concentration (%) 5.808" 4582 6.566" 18.344™"
Extraction time (hr) 4973 12.166™" 8.151" 2.821

*Significant at 10% level; “significant at 5% level; ***
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