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Abstract

In this study, we investigated the contents of total polyphenol (TP), total flavonoid, and absorbance at 475 nm
(ODy475) which may produced in solid-fermented leaf of Smilax china L. by Aspergillus oryzae as a new functional
components with reddish brown color, contents of water soluble substance (WSS), electron donating ability (EDA),
Hunter L*, a*, b* values, sensory overall acceptability (OA) and also, the inhibitory activities (XOI and AOI) against
partial purified xanthine oxidase (XO) and aldehyde oxidase (AO) from rabbit liver which were well known to relate
the gout, and alcoholic liver disease, respectively in order to optimize water extraction using response surface methodology
(RSM). All the R’ values of the second-order polymonials ranged from 0.85 to 0.98, except for the EDA (0.69)
and the XOI (0.78). However, the activities of the EDA and XOI were relatively high in the lower concentration
of the fermented Smilax china L. leaf. The effects on the water extraction were highest in the concentration, among
the dependent variables, and showed significant differences at the 1% level in the TP, TF and WSS contents and
the a*, b* and ODy4;s values, but the OA showed significant differences at the 5% level. The optimal values of
AOI, which was the most important functionality in the Smilax china L. that was predicted via RSM, were 59.48%
at the 2.19% concentration, a 90.02°C extraction temperature and a 4.03 minute extraction time (RZ: 0.93, p<0.007).
The ranges of all the dependent variables of the optimal water extraction were 1.6~1.8% for the concentration, 83~93°C
for the temperature and 3.4~4.4 minutes for the extraction time; and the optimal water extraction conditions were
a 1.7% concentration, an 88°C extraction temperature and a 3.9-min extraction time.

Key words : Smilax china L., Aspergillus oryzae, response surface methodology, water extraction conditions, xanthine
and aldehyde oxidase.
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Fig. 1. Solid-fermentation procedures of Smilax china L. leaf by
Aspergillus oryze.
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Table 1. Levels of extraction conditions

Levels
2 -l 0 1 2
X Concentration (g/100 mL) 05 10 L5 20 25
X,  Extraction temperature (C) 60 70 8 90 100
X; Extraction time (min) 1 2 3 4 5

X Extraction conditions

= FEYO| Ml ODys2 &3
dagngd=d & FE2HY 4442 Chromameter
(CR-200, Minolta Co., Tokyo, Japan)E ©]-&3}o] 8}7|&

YERE L (lightness), 2 £S5 JERE a'(redness) 2
FAEE JERE b (yellowness) 3-& A3k o]w)
AHEE EFEMEe] LY a2t @ b ke 247 9450, 03132,
03203012} F5FE42] A %1= Recording Spectrophotometer
(Cary Winuv, Varian, Seoul, Korea)Z A}-&-3}] 400~700
nmoI A1) FFEE recordingdt] Aozl Huo gl 475
mmol| A9 FFEE SHA

o
=
7}

Table 2. Central composite design for response surface analysis

Independent variables

No”

Concentration Extraction Extraction time

(g/100 mL) temperature (C) (min)
1 20 (D 90 (D 4 (D
2 20 (D 90 (D 2 Q)]
3 20 (D 70 1) 4 (D
4 20 (D 70 @) 2 Q)]
5 1.0 @) 90 (D 4 (D
6 1.0 (1) 90 (D 2 (@)
7 1.0 (1) 70 1) 4 (D
8 1.0 @ 70 1) 2 Q)]
9 25 (2 80 (0) 3 (0)
10 05 -2 80 (0) 3 (0)
11 L5 (0) 100 (2 3 (0)
12 L5 (0) 60 (2 3 (0)
13 L5 (0) 80 (0) 5 (2
14 L5 (0 80 (0) 1 (2)
15 L5 (0) 80 (0) 3 (0)
16 L5 (0) 80 (0) 3 (0)

"The number of experimental conditions by central composite design.

718d EnEE

60~100Ce] = 7H-/3d ILFZ(WSS)9] &2 F=4 100
mL< 50~60C<2] Rotary Evaporator(N-1200 Series, Sunilab
Com., Busan, Korea)S AFE-3l S9, A1A7] & FAE
48k

Total polyphenol & total flavonoid EHEk

Total polyphenol(TP) &H&F-& Minussi 5(25)2] "ol wh
2t & =9 100 uLol 2% sodium carbonate 2 mL2} 50%
Folin-Ciocalteu reagent 100 uLE 7}3F & 720 nmol| A &%
=5 =%3}9 2, gallic acid(Sigma-Aldrich Co., St. Louis,
MO, USA)9| EFAZF e oate] ks A&t
Total flavonoid(TF) S Meda 5(26)8] o wa} &
FZd 1 mLol 2% aluminum chloride 1 mL%} 50% o &+
1 mLE &3ste] A4 1027 ¥H&A1Z] T3 415 nm
A FHEE =AY er, AFF quercetin(Sigma-
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Fig. 2. Spectrophotograms of solid-fermented Smilax china L. leaf
by Aspergillus oryzae water extracts.
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Eo] A o] o}l k- AdS A4 SHK31). Aglycone &



672

G233 2] 4208 A58 (2013)

Table 3. Experimental data on physicochemical properties of hot water extracts in solid-fermented Smilax china L. leaf by Aspergillus
oryzae under different conditions based on central composite design for response surface analysis

No’ P’ TF L* a* b ab%)  ODgs  WSs”  EDAY Aol xor’ N
1 7.85 3.26 52.89 324 43.11 751 0.67 5421 76.36 51712 31.25 30
2 175 3.01 53.02 37 38.87 8.15 0.61 49.35 71.14 38.73 17.79 33
3 728 2.93 55.76 297 3349 8.80 0.53 30.44 75.89 3231 2548 4.1
4 6.89 2.13 55.67 2.79 30.09 9.27 0.48 38.83 79.00 30.07 16.35 37
5 499 2.68 55.86 2.56 2497 1025 041 33.17 74.65 2844 14.90 33
6 4.39 2.56 57.64 245 20.77 11.79 0.33 26.70 72.01 6.37 721 26
7 4.17 21 57.66 237 20.70 10.19 0.32 25.89 n3 0.05 6.25 24
8 3n 1.78 5723 2.60 23.60 11.01 0.37 29.93 72.56 1045 23.56 21
9 8.69 3.93 52.83 325 4542 7.15 0.71 5744 75.74 54.28 2692 26
10 3n 1.94 5799 224 11.49 19.49 0.22 17.80 53.65 0.03 15.38 20
11 5.69 37 55.84 290 3347 8.66 0.53 42.38 74.34 30.05 212 36
12 5.06 179 56.05 250 23.68 10.55 0.39 3155 71.23 2571 17.31 30
13 6.24 344 54.86 31 36.15 8.60 0.57 46.11 71.38 38.57 14.90 39
14 527 2.56 56.99 2.88 23.63 12.18 0.38 30.74 71.07 17.14 21.63 2.8
15 598 233 54.88 3.02 34.14 8.84 0.54 43.69 72.78 3428 24.04 43
16 6.05 2.67 55.05 2.85 32.83 8.68 0.52 4207 70.30 30.22 2371 4.1
"The number of experimental conditions by central composite design.
TP: total polyphenol (mg/100 mL).
TF: total flavonoid (mg/100 mL.
YWSS: water soluble substance (mg/100 mL).
EDA: electron donating abiliy (%/mL)
6)AOI aldehyde oxidase inhibitory activity % (Reaction mixture: 0.1 mL of sample/3.30 mL).
XOI xanthine oxidase inhibitory activity % (Reaction mixture: 0.2 mL of sample/3.55 mL).
OA overall acceptability (scores).
Values are mean of triplicate determinations.
#19] polyphenol& glycoside Fefe] Aol wlaled A Fo 3 thearbigind} B2 ARSE A2 7154 S HEHIGD

WSOl A A 2o e TS Fe 7]

7154S 7HAE A
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gulo] Sror} A} SE2 o8 2% Wene] Fael
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olE A F 3= BoAe] a7 E U ol qua} &
ATAES AuHE =L S A oyzmez TEAZ 745 total
polyphenol(TP)2] g3k 7143} total flavonoid (TF)<] A
A HlEo] oItk AMS Bk vl QIH3l). A opyze
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BAE s RIS BN obu e} pectinase 2t 22 A1EA]

AEHAEY Eafloll Toshs 4E ERlgoEA R s
sate Az A Agtete] 8=57] ofEE 71 A
e 94 7FSIE S 9lom(33), Wauke] 9]lo] H=
gallotannms—‘ H| 53} gallic acid esters2] depside 23} ester 2
1S B A)7)+= tannase S FH| O ZA] Houke 7HAaAZ
T ‘Tﬂ-(34) Polyphenol A39] o] =575 LA E
AR Ssse) ool o Masy e e
& 22 polyphenol T2 =2 48t 2493 tiks Az

42 ehILGe, a0l SI3t of AAEHE theaflavin

o2 AAH RS H] WEA ] H|sto] WEAF] HEEr}
=2 ASE 4HA ATH3Y).

Table 33} Fig. 301]/\11—: A orymeZ HEAZ AP =
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= FEEY TP ¥ TF g&s AT 1 A3
TP 2 TF $HFS 217} 371~8.69 mg% 2 1.94~393 mg%=
YEPH AL, TP FE&0] FoHdS TFY F53% =
ol AES BYon, TPl tig TFY Fi&2 31~
66% 1S UEIH ATHTable 3). 24 xpg ol o] s}o]
o|x}t}at3| A2 o Aot B AN B AFATE AL
3 Avl(Table 4, 5), TPS} TFY] ZAAG= 0.920~0972E
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£o7 Fro 93k '52‘}0] Ao TRllM = FE2 L% >
L > FEA 07 250 23t g3ko] Z1tHTables).
=, TP} TF9| %—%#%—3— HHE %u]aﬂﬂggm wxo}
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Table 4. Regression coefficients of second order polynomials” representing relationships between indicated response variables (Yn) and
independent variables of concentration, temperature and extraction time from solid-fermented Smilax china L. leaf by Aspergillus oryzae

Coefficients v TP L* ar b* alb(%) ODgss wss”  EDAY Aor? xor’ 0AY
Bko -12.56 1.568 6441 0.14 -32.19 35.54 044 22.56 6227 -020 8996  -2436
Bkl 279 -1.528 327 -040 -8.16 1231 008 2318 392 32.10 -38.05 11.06
Bk 029 004 019 007 128 021 002 062 053 037 0,06 044
BK3 0.96 085 015 042 -2.80 2.65 006 -12.99 243 3360 -33.02 126
Bk11 0.19 044 045 019 503 456 007 526 685 -5.10 273 -1.90
Bk12 -0.002 001 -0.10 002 042 -0.08 001 076 -0.088 009 037 -0.06
Bk13 .14 0 033 009 1.59 0,002 0.02 -149 157 0.89 8.05 008
Bk22 -0.002 0.001 0.002 -0.001 -001 001 -0.000 -001 0.003 -001 -001 -0.002
Bk23 -0.002 002 003 0.003 0.10 0.33 0.002 0.30 007 0.54 037 0.004
Bk33 007 0.13 024 002 -0.90 041 0014 111 -0.08 -1.10 -1.40 021

k k Kk
R PN R GLpID W FR O St

™ Abbreviation and units: See Table 3.

Table 5. Polynomial equations calculated by RSM program for extraction conditions of solid-fermented Smilax china L. leaf by Aspergillus
oryzae

2

Responses Second order polynomials” R
TP R = -12.555625+2.792500X,+0.289625X,+0.957500X+0.185000X,"0.001500X;X;-0. 140000X X3-0.001600X,™0.001750XX3-0.065000X;" 0972
TF R = 1.568125-1.527500X,-0.041250X,+0.851250X3+0.435000X, +0.01 1500X X-0.000700X;"-0.017000X,X;-0.125000X;" 0.920
L* R = 64.408750+3.271250X,-0.191813X,+0.145625X+0.445000X,™-0.103250X,X,-0.327500X X5+0.002450X,2-0.030375X,X5+0.240000X 0.982
a* R = 0.136250-0.401250X,+0.071812X,-0.421875X;-0.190000X, +0.015250X,X,+0.092500X,X;-0.000587X,"+0.002875X,X5+0.015000X 0.953
b* R = -32.189375-8.162500X,+1.276625X,-2.801250X;-5.030000X,+0.424000X, X,+ 1.585000X X;-0.012275X,"+0.099250X,X3-0.898750X;" 0973

ab(%) R = 35.542500-12.308750X,-0.212063X,-2.646875X+4.560000X,-0.082750X X,+0.327500X,X;-0.0021 13X,™-0.011875X,X5+0.407500X5" 0.953
ODgs R = -0.441250-0.075000X,+0.018250X;-0.055000X;-0.065000X,*+0.005500X,X,+0.020000X X;-0.000175X,™+0.001750X,X3-0.013750X;" 0972
wss? R = 22.555000-23.177500X;+0.622250X-12.990000X3-5.260000X;+0.756000X X2-1.490000X, X;-0.014162X,™+0.297000X,X5-1.113750X5” 0.920
EDA” R = 62.273750+39.221250X,-0.533188X,-2.433125X-6.845000X,0.079250X X,-1.572500X X+0.0031 13X,™+0.065125X,X-0.078750X’ 0.685

AOP” R = -0.200000+32.097500X1+0.367875X2-33.602500X3-5.095000X 12+0.094000X 1X2+0.890000X 1X3-0.010925X22-+0.540250X2X3-1.098750X32  0.933
X0 R = 89.962500-38.048750X,+0.062063X,-33.024375X3-2.725000X, +0.372750X, X,-0.010400X, X5+0.3666255X, +8.052500X:X-1.402500X;" 0.781
oA’ R = -24.362500+11.062500X,+0.438125X,+1.256250X3-1.900000X,™-0.057500X, X-0.075000X X3-0.002250X, +0.003750X:X-0.212500X;” 0.843

l)XI: concentration (g/100 mL), X: extraction temperature (C), X5: extraction time (min).
Y Abbreviations and units: See Table 3.

Table 6. Analysis of variance showing significance of effects of processing variables on TP, a* and b" value, ODgs, WSS, AOI and OA
from solid-fermented Smilax china L. leaf by Aspergillus oryze

Process variables DF Sum of squares
TP TF a b ODys wss” Aor’ oA’
Concentration (%) 4 31.60" 216 121" 1017.69” 022" 130957 294585 544"
Temperature (C) 4 1.50 253 025 165.06° 004 44953 48738 1.50
Extraction time (min) 4 0.87 141 0.05 97.99 0.02 149.76 558.55 120

l's)Abbreviation and units: See Table 3.
Significant at 5%.
Significant at 1%.
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Fig. 3. Response surface plot for contents of total polyphenol (TP) (left figures) and total flavonoid (TF) (right figures) from water extraction

of Smilax china L. leaf fermented by Aspergillus oryze.
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Fig. 6. Response surface plot for inhibitory activity of rabbit hepatic aldehyde oxidase (AOI) from water extraction of Smilax china L.

leaf fermented by Aspergillus oryzae.
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Fig. 7. Response surface plot for overall acceptability (OA) from water extraction of Smifax china L. leaf fermented by Aspergillus oryze.
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Table 7. Predicted levels of process variables yielding optimum response of TP, a’ and b" value, OD, WSS, AOI and OA from

solid-fermented Smilax china L. leaf by Aspergillus oryzae

Levels for optimum response

Process variables

v TP a* b 0Dy wss? Aor? 0A”
Concentration (%) 345 705 219 385 3.96 1.09 380 1.65
0 2.49) .27 2.24) 2.29) (2.29) 2.24) 2.19) 2.04)
Temperature (C) 86.70 40033 8701 4437 -50.45 44.60 60.41 79.11
pe (82.20) (92.59) (88.58) (89.94) (89.73) (92.38) (90.02) (63.90)
Extracton fime (min) 991 30,63 102 740 -8.09 061 110 336
(3.08) G.11) 4.02) (.74) (37 (3.54) 4.03) (3.50)
R-square 09722 09203 09533 09732 09715 09196 09331 0.8433
Significance 0.0001 00363 0.0024 0.0005 0.0006 00112 0.0067 0.0670
Predicted value 007 8,59 304 3443 0.53 27.80 5346 419
u (9.06) 3.91) (347) (49.4) ©.77) (62.63) (59.48) 31
Morphology SP%(max) SP(max) SP(max) SP(max) SP(max) SP(max) SP(max) SP(max)

" Abbreviation and units: See Table 3.
9SP: saddle point.

Table 8. Optimal conditions of water extraction for maximum
responses of Silax china L. leaf fermented by Aspergillus oryzae
by superimposing their contour maps

Conditions Opthfﬁgsoggiﬁm Optimun condition
Concentration (%) 1.6~18 1.7
Temperature (C) 83~93 88
Extraction time (min) 34~44 39
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Fig. 8. Superimposing contour maps for optimizing water extraction conditions of Smilax china L. leaf fermented by Aspergillus oryzae.
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