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Abstract

Response suiface methodology (RSM) was applied for monitor the yields of desirable substances from fig (Ficus
carica L.) under different extraction conditions. The maximum yield was 66.46% at 22.08 mL/g of solvent to
sample ratio, 90.59 C extraction femperature and 148.04 min extraction time, The maximum total phenolics was
121.31 pg/mL at 17.87 ml/g, 98.82C, and 130.80 min. The maximum electron donating ability was 54.09% at
121.31 pg/ml, 18.13 ml/g, and 98.81°C. The maxinum value of protease activity was 54.51 unit/min at 17.45
ml/g, 99.01°C, and 131.43 min. In addition, the maximum value of reducing sugar content was 19.14 mg/mL
in 22.66 mL/g, 86.30C, and 153.59 min. The optinum conditions estimated by RSM for maximal extraction of
the effective components were 17~25 ml/g of solvent to sample ratio, 80~100C of extraction temperature, and
100~170 min of extraction time.
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Table 1. Experimental data on yield in fig (Ficus carica L.) extract
under different conditions based on central composite design for
response surface analysis

Independent variables

Exp. Solvent to  Extraction  Extraction Yield
No.l) sample ratio  temperature  time (%)
(ml/g) {C) {min)

1 20 (1) 9 (1) 150(D 64211071
2 20(D 9 (1) 90 (-1) 59.56+0.87
3 20 (1) 70 (-1) 150 (1) 57.27+0.29
4 20 (1) 70 (-1) 90 (-1) 48.600.08
5 10 (1) 01y 150 (1) 60.60:0.19
6 10 (-1) 90 (1) 90 (-1) 56.83+0.46
7 10 (-1) 70 (-1) 150 (1) 51.190.16
8 10 (1) 0¢) 90 () 4622+033
9 15 (0 30(0 12000 58.4710.35
10 1500 0(0 12000 62.47:0.59
1 5(2) 80(0 120(0 52.24:0.10
12 25(2) 80(0) 12000 64.48+047
13 15 (0) 60 (2) 120 () 51.560.36
14 1500 100 (2 120 ( 0) 62.4410.10
15 1500 80 (0) 180 (-2) 62.78+0.16
16 1500 80 (0) 60 (2) 46.430.76

"The number of experimental conditions by central composite design.
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DPPH 9 5 mLE £3s}o] FHEE 3431w ofe) 9
ol 7 ka.

abs

DPPH radical scavenging activity (%) = (1- x100)

abc
abc : Absorbance of DPPH solution without sample at 517 nm
abs : Absorbance of DPPH solution with sample at 517 nm

chldjss 28 =8

Protease activity= Casein-Folint(19)°.2 =43} t}
%, 714 2 0.6% hammarstein casein 2% 2.5 mL, 1/15 M
sodium phosphate buffer 1 mL$} #j <k} 0.5 mLE 7}8}l 31
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Table 2. Experimental data on total phenolics, electron donating
ability, protease activity and reducing sugar content in fig (Ficus
carica L.) extract under different conditions based on central
composite design for response surface analysis

Exp. Total Electron donating Protease Reducing sugar
No.l) phenolics ability activity content
(ug/mL) (%) (unit/min) (mg/mL)
i 99.1243.64 48.50+0.43 47.05+7.08 18.37£0.23
2 93.08+6.76 46324059 40.45£3.36 16.72:099
3 81.9943.73 38.26+0.82 39.85+4.07 16.29+0.96
4 69.66+3.83 35.86+0.94 24454220 12.12+1.96
5 79.28+1.19 43.2441.10 41.15+4.96 15.76+1.14
6 75.2847.56 43.93:0.57 37.50£3.12 14.16:0.59
7 61.70£3.77 34.70:0.96 38.4043.78 14.1810.72
8 5253357 34.2740.61 34.0544.31 12.82£0.22
9 94.87+3.49 40.05+1.08 38.4543.10 15641151
10 93.16£3.56 39.4410.65 37.2542.84 15.08:0.74
11 50.62+2.24 41.96+2.06 24.25+8.08 15224287
12 94.37+3.94 46.07+1.28 30.0042.20 17.13+0.05
13 63.95:5.04 35.23£1.05 30.75¢3.03 12.730.03
14 127.33£381  55.17:157 5625544 14.99:2.80
15 10149756  47321.18 46.50+4.57 17.18+2.13
16 53.2844.11 45.6141.13 43.90+4.44 13.98+141

"The number of experimental conditions by central composite design.
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Table 3. Polynomial equations calculated by RSM program for extraction conditions of fig (Ficus carica L.)
Responses Second order polynomials R2 Significance
Yy = —95.539375+1.108750X1+2.100375Xz+0.6g0458X3
Yield -0.021100X,"-0.005450X,X,-0.008675X; 0.9093 0.0157
+0.003767X,X3-0.002150X,X;-0.001629X
Yo = -202.746875+7.924000X1+1.212500X2+1.6292250X3
Total phenolics -0.215200X,™+0.000550X, X,+0.004063X, 0.9010 0.0199
+0.004333XX5-0.004775X,X5-0.0046 195"
. Yepa = 126.035625:2.002250X)-1.716375X,-0.447708X;
Electron donating +0.042700X,+0.006250X,X,+0.013637X,’ 09165 00125
ability 1
+0.004033X,X3-0.000558 X, X5+0.001867X;
Yra = 115.953125-1.430000X,-1.920000X,-0.275000X3
Protease activity 0.107250X,>+0.042500X , X,+0.014125X, 0.9188 00115
+0.011667XX3-0.003958X,X5+0.002042X”
. Yrse = -12.376875-1.152500X,+0.661250X,+0.057208X;
Redlézlgtgeniugar +0.008150X,"+0.009400X X 0.003750%,” _ 09206 00108
+0.002383X,X5-0.000950X,X;3+0.000061111X;
YX;: solvent to sample Tatio (ml/g), Xy extraction temperature (C), X; : extraction time (min).
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Fig. 1. Response surface for yield in fig (Ficus carica L.) extract
at constant values (yield: 45-55-65%) as a function of solvent to
sample ratio, extraction temperature and extraction time.
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Table 4. Predicted levels of optimum conditions for the maximized

and minimized responses of variables by the ridge analysis of
their response surface

Extraction conditions”

Responses

X X, X3 Eassm Morphology
1285 6750 7497 4286 (min)

Yield (%) Maximum
208 9059 14804 6646 (max)
20 7191 9141 39.16 (min.

Total phenolics 720 (min,) Saddle point
(ug/mL) 1787 9882 13080 12131 (max)
. 1348 6234 11472 3351 (min)

Electron donating Minimum
ability (%) 1813 9881 12795 5409 (max)
. 2324 7038 10212 2158 (min)

Protease activity Saddle point
(unitmin) 1745 9901 13143 5451 (max)
. 1634 €67 9115 1115 (min)

Reducing sugar Saddle point
content (mgfml) ) 6 8630 15359 1914 (max,)

U%.: Solvent to sample ratio (mL/g), X»: Solvent to sample ratio (mL/g), Xs: Extraction
time (min).
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Fig. 2. Response surface for total phenolics in fig (Ficus carica L.)
extract at constant values (total phenolics: 60-80-100 pg/mL) as a

function of solvent to sample ratio, extraction temperature and
extraction time.
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Fig. 3. Response surface for electron donating ability in fig (Ficus
carica L) extract at constant values (electron donating ability:
40-50-60%) as a function of solvent to sample ratio, extraction
temperature and extraction time.

Table 5. Analysis of variables for regression model of physicochemical
properties in extraction condition

F-Ratio
Extraction conditions Solvent to Extraction Extraction

sample ratio  temperature time

(ml/g) (T (min)

Yield 286 652" 623"
Total phenolics 466~ 597" 2.90
Electron donating ability 172 1453 181
Protease activity 326 852" 295
Reducing sugar content 4.14 695" 6.54"

Significant at 1% level, “Significant at 5% level, “Significant at 10% lovel
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Fig. 4. Response surface for protease activity in fig (Ficus carica
L.) extract at constant values (protease activity: 35-45-55 unit/min)

as a function of solvent to sample ratio, extraction temperature and
extraction time,
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Fig. 5. Response surface for reducing sugar content in fig (Ficus
carica L.) extract at constant values (reducing sugar content:
14-15-16 mg/mL) as a function of solvent to sample ratio, extraction
temperature and extraction time.

Table 6. Predicted and experimental values of response variables
for extraction condition of fig (Ficus carica L) at a given
conditionl) within the range of optimum conditions

Physicochemical properties Predicted values Expfﬂ{lne:ntal
Yield (%) 65.84 67.01
Total phenolics (jig/mL) 11113 105.82
Electron donating ability (%) 59.10 6891
Protease activity 48.83 4507
Reducing sugar content (mg/mL) 18.17 2026

"Given conditions: 20 ml/g in Solvent to sample ratio, 90°C in extraction temperature,
and 150 min in extraction time.
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Fig. 6. Superimposed response surface for optimization of yield
(65%), total phenolics (100 ng/mL) and electron donating ability
(50%) of fig (Ficus carica L.) extract as a function of solvent to
sample ratio, extraction temperature and extraction time.

@] ok
I =

Falug o] 83 715 S5 AxE Aot vReEw
Ao ojste] Falule] &0 g Fi) §-84
o FESEAE EUHEISIHO &9 HYge
66.46%°| o, ojuje] FEZ2-E AHd tigh v
22.08 mLjg, % L% 90.59C 2 FZA)7} 148.04 mino] 3]
. FHEA SRhE 3 Al tig 8iH] 17.87



72

o

ml/g, 3525 98.82C 2 3ZA]7F 130.80 minof|A] ]t
A& 12131 pgimlg YehAl o™, HAxlgese Algd o
g §uiH] 18.13 ml/g, &% 98.81C T FZA|7H
12795 mind ] HhgtS VRt F-38b) 580 o
RS Eao] S AlBol tig i) 1745 mljg, 53
25 901T 2 3247} 13143 ming o] H)ZES VERY
Jon, A FFe AlFo o rfin] 22.66 mL/g,
F52% 8630C 2 3ZA|7F 153.59 minol| A o ko]
19.14 mg/mLo] )t} 39} oA B 228 23 e
T e FHA FE2xA9 e AlEd g &viH)
17-25 mLjg, 3% &% 80~100C 2 3ZA]7} 100~170 min
oz J=HoH, A4 4EE B3l 241 E HAF
i85

2ALe 2
B A7E AR AN FE A

A2 10027665)2] Aol g AFAF ] YF-Z o]0
HAPEHY

i3
rok

=
L

1. Williams, D.C., Sgarbieri, V.C. and Whitaker, JR. (1968)
Proteolytic activity in the genus Ficus. Plant Physiol.,
43, 1083-1088

2. Vinson, J.A. (1999) The functional food properties of
figs. Cereal Food World, 44, 82-87

3. Kim, S.S,, Lee, C.H,, Oh, S.L. and Chung, D.H. (1992)
Chemical components in the two cultivars of Korean
figs(Ficus carica 1..) J. Korean Agric. Chem. Soc., 35,
51-54

4. Jeong, MR., Kim, B.S. and Lee, Y.E. (2002)
Physicochemical characteristics and antioxidative effects
of Korean figs (Ficus carica L.). J. Bast Asian Soc.
Dietary Life, 12, 566-573

5. Kim, K.H. (1981) Chemical components of Korean figs
and its storage stability. Korean Food Sci. Technol., 13,
165-169

6. Kim, S.S., Lee, CH., Oh, S.L. and Chung, D.H. (1992)
Chemical components in the two cultivars of Korean figs
(Ficus carica L.). J. Korean Agric. Chem. Soc., 35, 51-54

7. Kim, I.S. and Kim, J.P. (1987) Studies on the digestion
of beef by ficin treatment. J. Korean Agric. Chem. Soc.,
30, 210-218

8. Kim, B.S,, Jeong, MR. and Lee, Y.E. (2003) Quality

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

TN EFATE 3R A15H A1Z (2008)

characteristics of Muhwakwa-pyun with various starches.
Korean J. Soc. Food Cookery Sci., 19, 783-793

. Kim, K.H. (1981) Chemical components of Korean figs

and its storage stability. Korean Food Sci. Technol., 13,
165-169

Kang, S.G., Yoon, S.W,, Kim, JM,, Kim, S.J. and Jung,
S.T. (2001) Quality of accelerated salt-fermented anchovy
sauce prepared with fig. J. Korean Soc. Food Sci. Nutr.,
30, 1142-1146

Kim, D.H. (1999) Studies on the production of vinegar
from fig. J. Korean Soc. Food Sci. Nutr., 28, 53-60
Hou, W.N. and Kim, M.H. (1998) Processing of low
sugar jams from fig pulp treated with pectinesterase.
Korean J. Food Sci. Technol., 30, 125-131

Park, B.H. and Park, WK. (1994) A study on the
manufacturing of fig conserves for beef tenderizing. J.
Korean Soc. Food Nutr., 23, 1027-1031

Gontard, N., Guilbert, S. and Cuq, J.L. (1992) Edible
wheat gluten films: Influence of the main process
variables on film properties using response surface
methodology. J. Food Sci., 57, 190-196

SAS Institute, Inc. (1990) SAS User’s Guide. Statistical
Analysis Systems Institute, Cary, NC, USA

Martha, L.A. and James, P.B. (1992) The Mathematica
handbook, Compatible with Mathematica, Version 2.0
Harcourt Brace, Massachusetts : An Imprint of a Division
of Academic Press.

Amerinem, M.A. and Ough, C.S. (1958) Method for
analysis of Musts and Win. Wiley & Sons, New York,
p-176-180

Blois, M.S. (1958) Antioxidant determination by the use
of a stable free radical. Nature, 181, 1199-1200
Yoo, CK., Seo, W.S., Lee, C.S. and Kang, S.M. (1998)
Purification and characterization of fibrinolytic enzyme
excreted by Bacillus subtilis K-54 isolated from
Chunggukjang. Korean J. Appl. Microbial. Biotechnol.,
26, 507-514

The korea society of food science and nutrition. (2000)
Handbook of experiments in food science and nutrition.
Hyoil Publishing Co., Seoul, Korea, p.151-152

Lee, G.D. and Kwon, J.H. (1998) The use of response
surface methodology to optimize the Maillard reaction
to produce melanoidins with high antioxidative and
antimutagenic activities. Int. J. Food Sci. Technol., 33,
375-383

Kim, N.M,, Ko, S.R., Choi, K.J. and Kim, W.J. (1993)
Effect of some factors on extraction of effectual



23.

24.

[e]
Elay

251

Bl o

gt

components in cinnamon extracts. J. Korean Agr. Chem.
Soc., 36, 17-22

Yoon, O.H. and Cho, J.S. (2007) Optimization of
extraction conditions for hot water extracts from
Chrysanthenum indicum L. by response surface methodology.
Korean J. Food Cookery Sci., 23, 1-8

Lee, G.D., Kim, J.O., Joo, G.J. and Kwon, J.H. (2005)
Optimum Conditions for the Extraction of Effective
Substances from the Stem of Opuntia fiscus-indica. Food
Sci. Biotechnol., 14, 190-195

25. Kang, Y.H., Park, YK. and Lee, G.D. (1996) The nitrite

26.

27.

28.

e s~ CEEE 73

scavenging and electron donating ability of phenolic
compounds. Korean J. Food Sci. Technol., 28, 232-239
Englund, P.T., King, T.P., Graig, L.C. and Walti, A.
(1968)  Studies
characterization. Biochem., 9, 163-175

Kim, J.P., Suh, J.S. and Kim, J.S. (1986) Isolation and
purification of ficin from fig latex (in Korea). Korean
J. Food Sci. Technol., 18, 270-277

Kang, CK. and Rice, EE. (1970) Degradation of various
meat fractions by tenderizing enzymes. J. Food Sci., 35,
563-565

on ficin. 1. Its islation and

(A< 20073 109 299, AE 2008 19 119)



