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ABSTRACT : This study was designed to maximize extract yields of functional components in Angelica gigas Nakai by
extrusion process. In addition, the optimizing condition of the extrusion process was established to increase the extraction of
the functional components in A. gigas. The total polyphenol was increased by 40% compared to a control. And the optimiz-
ing condition was that the screw speed was 62.76 rpm, the amount of A. gigas powder was 34.79 kg/h, and the amount of
water was 4.44 kg/h. The result of antioxidant activities of 4. gigas extrusion, the inhibition of oxidization had the effect of
10.29 ~ 14.59% compared to a control. The content of decursin and decursinol angelate, which were index components, was
6.37%; it was increased by 16.64% compared to a control (5.31%) and showed a significantly difference (p < 0.05). And the
optimizing condition was the screw speed 93.71 rpm, the amount of A. gigas powder was 28.67 kg/h, and the amount of

water was 9.9 kg/h.
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Table 1. Screw configuration and extrusion condition for Angelica

gigas Nakai.
Co-rotathin, intermeshing twin-screw
Extruder extruder Buhler Brothers Co., DNDL-44,
Uzwil, Switzerland
Max feed 140 Kg/h
Die Orifice type 3 mm
L/D20 2,3 barrel heating

Barrel heating Temp.  Barrel heating 150C

66R*3K.D(RLR)*344R*5RSE

Screw Configuration )4 4R ARSE(LRL)33R*5ST

L; Length, D; Diameter, 66; Screw pitch, R; Right handed, 3; The
number of screw, K.D; Kneading disk element, L; Left handed, RSE;
Reverse screw element, ST; Screw top.

Table 2. Levels of independent variables for central composite

design.
Levels
Variables
-1 0 1
Screw speed (X;) 40 60 80
Feed rate (X,) 30 35 40
Water (X;) 3.0 4.5 6.0
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Table 3. Experiment designs of extrusion with Angelica gigas Nakai. 2]zt 274%, decursin?} decursinol angelate 3O 2 3151
Experiment __ Coded variables Process variables o, o]&2 33] WHE A3t 1 HFpke 3| el A
No. XX X X, X, X 83k
1 -1 +1 0 40 40 4.5
2 -1 0 41 40 35 6.0 3. 397 BEgH=2 F
3 0 1 41 60 30 60 Ee ekl el 54 wAs A 3
4 -1 +1 -1 40 40 3.0 A d=A43 Sg— e 9t FEAX] IYEFTE o)L
> 0+ 60 40 60 o] FolM 95 mL B2 7l 120 2087 2235
6 +1 -1 0 80 30 4.5 o} 3222 3000 rpmol] 5B ¢t QA Helsle] do s
7 -1 -1 0 40 30 45 et
8 +1 0 +1 80 35 6.0 = T M
9 0 0 0 60 35 4.5
10 -1 0 0 40 35 45 4. A UELIZ9| olakety] SMRAM
1 +1 41 0 80 40 45 1) 2225KE Y L2SRK|S
g 11 _(] +11 gg i (5) gg TE-E3) A4 (Water Soluble Index, WSI)$} -52A]4~
14 0 +1 1 60 40 3.0 (;N:]teiq ﬁs;rggnq Index, WADE Anderson 5 (1969)2] 4t
15 +1 +1 41 80 40 6.0 H AT

X1; Screw speed (rpm), Xp; Feed rate (kg/h). X;; Water (kg/h). ]
WSI = (soluble solids g/10 mL) 100 mL

0,
Energy Input, SME)® XAt E3F F:5&2 545 F) 10g < 100%
2 st FE20E AAs] S8l vhEEREATH (Response
Surface Methodology, RSM)& A}-8-3t ) (Gontard e al., WAI = Weight of precipitate
1992). =70 Uist dPAgL A (Central Weight of dry solids

= H
composite designye ARSI O, WHEEHAEA S flE] SAS
(Statistical Analysis System)E ARE-31I . A A E-2 Table 5. ._:. G U= MktdE U shikgl g

P
29} 7ol FEFAAA T8 Wl EAPVIY 2aFx 1) Skt 47 24
T (40~80rmpm, X)), 98 FUHF (30~40kgh, X,), 7t (1) B=Z|H= &2 A
*Ek B3.0~6.0kg, X)E 1, 0, 19 A2 HE3lste] ZFZ9Ee stk =4S Folin-Denis ' (1959) HE
AdAG wet Table 33 2] 1577k R sl = AA AASIITE A8 02mLel S/FE 718t 1 mL=E 7
AYS A, Tk o] g o5 ks W £ %, of7]9] 0.1 mL2] Folin-ciocalteu's phenol reagentZS
TEHT (Yn) &, 78, T84T, T3/, & =42 7vate] E9Fstar 3%7F Aolx WSt Na,CO; 2318

Slse, & FehaeolSq, DPPH 2ol 270, ABTS o) 02mLE 7kl £d8in 3752 F7ele] 2mLz v

Sample
l Thermorouples
} l l l l I p Transducer
[ 0 2 O G
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N | Moter N HX_ \ ] ' i
v B s
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Fig. 1. Schematic diagram of twin-screw extruder.
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E 3 Aeox A7 RIS 3,000 x gl 1087 DA & Table 4. Condition of HPLC for analysis of decursin and
d3idieh. A5AE As) 25 moe) FREE g decursinol angelate
o, FZeuEo] g dfuo] vk U Catechin  HPLCsystem  G1379A Degasser
(Sigma-Aldrich, St. Louis, MO, USA)S o]&3lo 243 % Pump G1311A Quat-pump
ZZNoRRE ZEZg¥E e Talin) Detector ~ G1314A VWD
Column  Zorbax SB-C18
() EZ2L0C B2t =X Mobile phase A.: Aceto.mtnle/ B: H,O
_:3_ — == e ] o Gradient Time (min) 0-20 20-25 25-29 29-30 30-35
FEhE )= I 582 Davis W (1995)% M5 fadient oa 60-85 85-100 100 100-60 60
o ZAATE dEe F=F HY 02mLell 90% diethylene Flow rate 0.8 mL/min
glycol 2mL7 1 N NaOH 02mLS &3}, 37C Fx0 Injection 20 pL
PolA] 1217k <k WA FYwe] wishe 420mimo)y  ColumnTemp. 35C
Detection 280 nm
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Table 5. Processing factors on each extrusion condition with Angelica gigas Nakai.

Experiment Torque  Screw speed Sample feed Water Pressure  Rawsample  Dough ET SME
No. (%) (rpm) (kg/h) (kg/h) (bar) M.C (%) M.C(%) (C) (K)/kg)
1 58.5 40 40 4.5 17.5 1.1 111 139.0 197.7
2 44.5 40 35 6.0 17.0 1.1 15.6 138.5 163.2
3 325 60 30 6.0 17.0 1.1 17.6 139.5 203.7
4 68.5 40 40 3.0 18.0 1.1 8.00 143.0 239.6
5 40.5 60 40 6.0 18.0 1.1 14.0 146.0 198.6
6 31.0 80 30 4.5 18.0 1.1 14.0 146.0 270.3
7 38.5 40 30 4.5 17.0 1.1 14.0 140.0 167.8
8 34.5 80 35 6.0 18.0 1.1 15.6 145.0 253.1
9 39.0 60 35 4.5 18.0 1.1 12.4 145.0 222.7
10 46.0 40 35 4.5 17.5 1.1 12.4 141.5 1751
11 37.5 80 40 4.5 18.5 1.1 11.1 151.0 253.5
12 30.5 80 30 6.0 18.0 1.1 17.6 146.5 254.8
13 34.5 80 35 3.0 18.5 1.1 8.90 152.5 273.1
14 50.5 60 40 3.0 18.5 1.1 8.00 156.5 264.9
15 37.5 80 40 6.0 18.0 1.1 14.0 146.5 245.2

M.C; Moisture contents, E.T; Extrusion temperature, SME; Specific mechanical energy.

Table 6. Extract yields and physicochemical properties of
extruded Angelica gigas Nakai.

Sample Yield (%) WSI (%) WAI (mL/g)
NEA 4440+ 1.555  63.43+£2.21°  10.42 £ 1.22%%x*
1 4877 £0.33%  68.20 + 0.46™  8.39 + 0.08
2 54.23 + 1.64*  74.85+12.9 8.00 + 0.13%f
3 54.07 + 1.44*  69.33 +1.84%  8.22 + 0.13%
4 56.74 +1.13% 7228 +1.44® 900+ 0.25"
5 53.99 + 0.44"  67.49 + 055"  7.82 +0.15%
6 5439+ 1.48"  67.56+1.84™  7.74+0.19¢
7 53.40 + 0.80"¢  67.17 +1.00®  7.80 + 0.12¢
8 5440+ 0.12"  69.29+0.15%  8.12 + 0.19%
9 52.41+0.22¢  65.51+027*  8.43 +0.09¢
10 5243 +0.15¢  66.37 +0.19*  8.83 +0.27
1 53.97 +1.07"  67.47 +£1.33%  7.96 + 0.53%"
12 53.50 £ 0.24"4  67.72 +0.31°%  8.08 + 0.24%
13 5256 +0.62¢ 6570+ 0.77*  7.81+0.11¢
14 52.94+ 059"  65.36+0.72"  7.51 +0.14
15 53.95+0.30°  67.02 +0.37%  7.97 + 0.30%"

WSI; Water Solubility Index, WAI; Water Absorption Index, NEA;
non-extruded Angelica gigas Nakai, 1 ~ 15; Extruded Angelica gigas
Nakai depending on different condition.
*Values are Mean + SD. **Values on the same row with different
superscripts were significantly different at p < 0.05.

AA oA 2REo] STl o] e Ade 4=
7] el FY=l= ol g et AR Jert 5
7he] 3L ol mEh 23Fe} upE AfoloA] ] wlie] w
T2 Alzke] QEj=o] 71A1A AR oﬂqu 71 Ao=w
= QITh (Table 5). Feltcher 5 (1985)2 o] Z7}go
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Table 7. Analysis of variance for physicochemical properties of
Angelica gigas Nakai extract with extrusion conditions
during processing.

Yield (%) WSI (%) WAI (mL/g)
Source DF
SS  F-value SS F-value SS F-value
X4 4 3.71 1.33  37.50 3.72*% 2.65 6.34%**
X5 4 2.89 1.04 1214 1.20 1.60 3.82*
X3 4 9.23 331 31.89 3.16 1.92 1.59**
R-square 0.3104 0.4487 0.5694

Xi; Screw speed (rpm), Xy; Feed rate (kg/h). X;; Water (keg/h), WSI;
Water Solubility Index, WAI; Water Absorption Index, DF; degrees of
freedom, SS; Sum of squares,.
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Fig. 2. Response contour polt of screw speed, water and feed rate on the extracts
yield. Speed; Screw speed (rpm). Feed; Feed rate (kg/h), Water; Water (kg/h),

StdErr; Standard error.
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Table 8. Contents of functional ingredients of extrudated Angelica

gigas Nakai.
Sample Total polyphenol (%) Total flavonoids (%)
NEA 0.63 £ 0.01" 0.46 + 0.00%8**
1 0.93 + 0.01¢ 0.72 + 0.00°
2 0.95 + 0.01¢ 0.78 + 0.00"
3 0.95 + 0.01¢ 0.78 + 0.01°
4 0.77 £ 0.018 0.67 £+ 0.01°
5 0.98 + 0.03 0.80 + 0.00°
6 0.85 + 0.01° 0.67 + 0.00f
7 0.97 + 0.01 0.77 £ 0.01¢
8 1.02 +0.02" 0.79 + 0.01*
9 0.97 + 0.02¢ 0.77 £ 0.02¢
10 1.02 £ 0.00° 0.79 £ 0.01%
11 0.90 + 0.03¢ 0.68 + 0.00'
12 1.00 + 0.03¢ 0.68 + 0.01°
13 1.03 £ 0.02" 0.72 £ 0.01¢
14 1.10 + 0.00° 0.73 + 0.01¢
15 1.01 £ 0.00° 0.79 + 0.01%*

NEA; non-extruded Angelica gigas Nakai, 1 ~ 15; Extruded Angelica
gigas Nakai depending on different condition.

*Values are Mean = SD. **Values on the same row with different
superscripts were significantly different at p <0.05.

30.56 kg/h&]— 7}-,—3]: 4.16 kg/ho]]:]. Eoh SEAHR| s AT

=3 —..1_ (X )ﬂ, 7]__’_ako] o:]a]:_g_ tﬂ—_‘: 7—] k=4 Ur]:/}_l/l—olj:]
(»<0.01), 7 dF 61.50 kg/hel 77 3.43 kgh

]% —?_—H ¢}
oltt. FEFHATFE £3F £t TS 7, AHE F

FE=9| Ol S&

StdErr

speed, water and feed rate on the water
), Water; Water (kg/h), StdErr; Standard error.

Table 9. Analysis of variance for functional ingredients of Angelica
gigas Nakai extract with extrusion conditions during

processing.
Total polyphenol (%) Total flavonoids (%)
Source  DF
SS F-value SS F-value

X 4 0.04 39.22%%*x* 0.26 2.43*
Xz 4 0.04 40.82%** 1.27 T11.971%**
X3 4 0.03 32.47%%x* 1.48 13.89%**
R-square 0.9106 0.7957

X; Screw speed (rpm), X,; Feed rate (kg/h). Xs; Water (kg/h), DF
degrees of freedom, SS; Sum of squares.
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2. UEEY ol WE FLFQ ShiskdFa) Shilst ebd
3H\}§} IdU
A=A 2ol e 3 OJ%H JEo] ks
_,_,] UI—EL_ 17(-175]- QJ,]._Q,]. z]-lﬂ—:,L] 9,]. H];Jl_ T,‘=_‘_ 5]_
(Table 8). FZ&|HE Tk %%*éﬁé% 133 A7t thx
T Ml 40% F71sted 914 (p<0.05)Q1 AelE U
ERAT g FEEuE T 2aF o) 98FYT
o] FFE wol FEFEe 2AF £, dEFYPel =S
TE IR 73&— RIS &

_'

-—
~

2030

355



80 ///”/ o o
/ 1,00 0.12 0.16
- 0,95
701 014
o = =
2 604 o 5 5 01 g 0.12 W
? = 01 =
50 0.08 )
| 0.08
090
40 4. 08" J
I I 1
300 325 350 ar5 400
Feed
0.25
x»au~«-_0§ﬂ?;::::::3;’
1,000
/ 0.2
w
° 102 ]
e 0.15 3%
1,000 \
0935 \ 0.1

Water

Fig. 5. Response contour polt of screw speed, water and feed rate on the total
polyphenol. Feed; Feed rate (kg/h), Water; Water (kg/h), StdErr; Standard error.
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Fig. 6. Response contour polt of screw speed, water and feed rate on the total
flavonoids. Feed; Feed rate (kg/h), Water; Water (kg/h), StdErr; Standard error.

6276 rpmo| 3L, FFH HE FAF 3479kghst Tt FYUF 33.59 kghot 7R 4.62kghd o HAxHoRE A
4.44 kg/ho] k. = At
FTEEIO|E TRk YEAPE S ATt gt B AFY vz Aol 7idA g dl fElFgos gk o

o} 42.5% E=A TSIl 2ol f2lA (p<0.05)2 ZlE U gF0] SolaiXAY uEAL HiEsigEe] ARA} HEdlgE
BRI et eolE ke AERRE, R 28 2 EalEo] F dlEdEke] S bRl AvEaet
F= ZleRe AEE g 5 AU (Table 9, Fig. 6).  FARF Z23= JeERNAT (Choi er al, 2006; Kang et dl.,
AT F 23F S57F 5228 rpme] 2, FGHA vl 1996; Turkmen e al, 2005). A3 AEAY FIFAY

il
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S WS ® A proteoglucant AVITHIAIE TG #8449 URAIE 85

3 73 ® Az Baske] 2 Agtel AX|Se). ol wet, 3
& 5= AAJTE A2l ABTS' radical 27 48 DPPH radical qu 343}
ok

=8 2 A A4l 9 7o) HMEERHEA A3 237 % (X)) (p<0.01), YEFY

St E2]4 ddte] o3 =Y F USRI F (Xy) (p<0.001), 7 (X3) (p<0.001)0] FTF= ni}t A
o8 Uepgon, 235% £ (X))l WE Filo] 243, 95F

2) ekl & AF XK= 1191, 7K (X302 13.898 UER} A550%,

Faksl S gukx o g wo] 4#7 DPPHY o8t Az} 7lrge] 842 Zylele A 918 4 It (Table
¥ ABTS' Radical 227 43S AT 2 Agol 11, Fig 8). m=hA AAE HH2de AT 237
A HAzACR May F7 GSAPES DPPHol o8t &%7b 9371 pmolx, 2T R F9leF 28,67 kghe} 714
Aol eom YEAFADER 2 FIFAL w4 #F 99kghe|, oju) ik} E44-& Table 140 YERNITE
o, A A2AFE 7 ATt dE2TF 163,78 pg/mL O
H] 1459% e AstelA] g3s JERNITH (Table 10).

Table 10. Radical scavenging activities of extruded Angelica gigas

olget Ail= MRl Fo] phenolic acide} Z&fE xo|= Hl Nakai.
71}k wlsA o) it kslago] A HolH, o] &
o) d . ] ICs0 (8/mL)
7 —’—E- ZA A L‘O 5‘5{5_ PAR=
ol s };—ot& ELF (Seog ef al., 2002). o ﬁlﬁ Sample DPPH radical ABTS" radical
Ao FEYslE FqFFol =255 ATl =2 Al scavenging activities  scavenging activities
ekl A S=H (Choi er al, 2009 Kim ef al, " Ascorbic acid 1.16 % 0.00" 2.77 + 0.00%**
2002), SFEAEEE TH AelTe] FEYEE e iz o NEA 163.78 + 0.35% 139.99 + 0.08°
Bl fo4 (p<0.05)02 ¥ mEe] HE do] IS 1 167.60 + 0.21° 138.40 + 0.00°
solak 4= 9Jglom, olglst g;}:: DEVEL ﬂg}i 215 Aﬂ 2 187.64 +0.75% 145.60 + 0.00
de i
ol S AL D A B 9B Do
67-1 a’/_ﬂr]:/_}‘il_ 71,\:}06]-1_]— E}d “ql—tﬂ—_]—j—_ DU DG
sk A3etar }. Aol kst el of © 5 165.85 + 0.38% 132.90 + 0.25%
W4} A2}, DPPH radical &7 @42 ASFUE, 715 6 153.91 + 0.58% 130.20 + 0.008
o] ETE Dol Tk AdE AT AT (Table 7 139.89 + 0.61# 128.40 + 0.008"
10, Fig. 7). w2 A8 HR 24 dEAdxy 5 23 8 152.19 + 0.09' 132.40 + 0.00"
2 257} 5454 rpmo]—/ 3 nE B 38.34 kg/het 9 166.20 + 0.10¢ 134.50 + 0.00¢
7V 457 kgholth, B8 ABTS' radical 27 B4 U2 N 1081 1 0t 13710 £ 0,009
+ +
/\_]—&]D H ——3_ 7'—,‘.];‘_ '{‘1‘1‘?‘- k . T U. . T U.
82 (2T T, 40mpm, AEFUZ 30 ke/ 12 169.30 + 0.55¢ 132.60 + 0.44¢
h, 7H= 4.5kg/h)e] ABTS' radical 271 27 1Cs valueZt 13 18332 + 0.58® 140.20 + 0.00°
110.07 ug/mLE YA 2)8lA] k& 712l 122.69 rg/mLol 14 184.37 + 0.58® 146.20 + 0.00°
thE] 10.29% ﬁwfd itsl &g a3E HATh Kim 15 158.65 + 0.30% 133.50 + 0.00'

(2007)2 214ks A& sle] sHile)l B4 =A% A3 & NEA; non-extruded Angelica gigas Nakai, 1 ~ 15; Extruded Angelica

X
e o2 Z7lEQthy Hyslglo e gigas Nakai depending on different condition.

_] A (p<005 s7k=E skRem, ol= *Values are Mean £ SD. **Values on the same row with different
Foz Qs AlxHo] FE3lEEA Qe F-847 AR superscripts were significantly different at p < 0.05.

Table 11. Analysis of variance for radical scavenging activities of Angelica gigas Nakai extract with extrusion conditions during processing.

DPPH radical ABTS™ radical
Source DF scavenging activities scavenging activities
SS F-value SS F-value
X4 4 2403.65 7.69%%* 0.26 2.43%
X, 4 3215.88 10.29%** 1.27 11.97%**
X3 4 3272.20 10.47%** 1.48 13.89%**
R-square 0.6896 0.7957

Xi; Screw speed (rpm), X,; Feed rate (kg/h). Xs; Water (kg/h), DF; degrees of freedom, SS; Sum of squares.
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Fig. 7. Response contour polt of screw speed, water and feed rate on the DPPH
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3. Y4E4A=9| NFde o

AFA] AFA3F? decursin? decursinol angelate -
AEABEAT 3, 237 F% 60 mpm, FZF vl
A% 30 ke, 71 6.0 kel 637% TeEoR TR
F 531% Y] 16.64% S718le] 214 (p<0.05)3 Aol
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UERITE (Table 12). 3319] 2] 293} ST £
of] thet decursin?} decursinol angelate®] F=3HFS v
A% A3 AEAABA] F8A9E o] 3~ amfe] Fge] &

e ATk Barste] B Aol fARE A3 UEpIth
(Kim et al., 2008). ©]o| w2} decursin} decursinol angelate
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Table 12. Contents of decursin and decursinol angelate of extruded Angelica gigas Nakai.

Sample Decursin (%) Decursinol Angelate (%) + De curZEglljilr?gel ate (%)
NEA 3.22 +£0.02 2.08 + 0.01 5.31 + 0.03*"x*
1 3.56 £ 0.09 2.23 £0.06 5.79 + 0.15%

2 3.68 £ 0.03 2.30 £ 0.02 5.98 + 0.55
3 3.91 £0.07 2.45 £ 0.05 6.37 £0.122
4 3.42+£0.10 2.15 £ 0.06 557 £0.17¢
5 3.83 £0.07 2.42 £ 0.05 6.25 £0.12%
6 3.94 £ 0.04 2.49 £0.02 6.43 £ 0.06°
7 3.87 £ 0.07 2.45 £ 0.04 6.32 £0.11°
8 3.88 £ 0.04 2.45 +£0.03 6.33 £ 0.07*
9 3.63 £0.10 2.29 +0.07 5.92 +0.17"
10 3.69 £ 0.09 2.33 £0.06 6.02 £ 0.15°
11 3.50 £0.10 2.20 £ 0.06 5.70 £ 0.17%
12 3.87 £ 0.06 2.44 + 0.04 6.31 £0.10°
13 3.39+£0.04 2.13£0.02 5.53 £ 0.07¢
14 3.49 + 0.09 2.20 £ 0.06 5.69 + 0.15%
15 3.68 £0.16 2.32+£0.10 6.00 £ 0.26"

NEA; non-extruded Angelica gigas Nakai, 1 ~ 15; Extruded Angelica gigas Nakai depending on different condition. *Values are Mean £ SD.
**Values on the same row with different superscripts were significantly different at p < 0.05.

Table 13. Analysis of variance for decursin and decursinol angelate of Angelica gigas Nakai extract with extrusion conditions during

processing.
Factor DF Sum of squares F-value
Xq 4 401.47 10.59%**
X5 4 426.35 11.24%%*
X3 4 490.05 12.93***
R-square 0.7422

Xq; Screw speed (rpm), X,; Feed rate (kg/h). X;; Water (kg/h), DF; degrees of freedom.

Table 14. Experimental data on proximate compositions, antioxidant components and antioxidant activities, and decursin of Angelica
gigas Nakai by central composite design for response surface analysis.

Predicted value

DPPH ABTS"

periment Screnspeed feedale VAT g ws wa Tl Toal scavenging scavenging (R,
%) %) (mL/g) poyE eno av00n0|ds activity  activity angelate
(%) (%) ICso ICso ©%)
(ug/mL)  (ug/ml)
1 -1(40) +1(40)  0@4.5) 4877 6820 104 0.93 0.72 167.60  138.40 5.79
2 -1(40) 035  +1(6.0) 5423 74.85 8.39 0.95 0.78 187.64  145.60 5.98
3 0(60) -130) +1(6.0) 54.07 69.33 8.00 0.95 0.78 163.75  131.10 6.37
4 -1(40) +1(40) -1(3.00 56.74 7228 8.22 0.77 0.67 163.23  130.20 5.57
5 0(60) +1(40)  +1(6.00 53.99 67.49 9.00 0.98 0.80 165.85  132.90 6.25
6 +1(80) -1(30) 0(4.5) 5439 6756 7.82 0.85 0.67 153.91  130.20 6.43
7 —-1(40) -1(30) 0(4.5) 5340 67.17 7.74 0.97 0.77 139.89  128.40 6.32
8 +1(80) 035  +1(6.0) 5440 69.29 7.80 1.02 0.79 152.19  132.40 6.33
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Table 14. Continued.

- Of%E - urEE - TN - H0KE

Predicted value

DPPH ABTS*

Experiment Screw speed Feed rate  Water Decursin,
P N (X1)P gl ) Vield WS W A Total Total  scavenging scavenging |
: o o polyphenol flavonoids  activity ~ activity
(%) (%) (ml/g) %) ) IC ICao angelate
’ » » (%)
(ug/mb)  (zg/mL)

9 0(60) 0(35) 0(4.5) 5241 6551 8.12 0.97 0.77 166.20  134.50 5.92
10 —-1(40) 0(35) 0(4.5) 5243 6637 843 1.02 0.79 191.11 140.20 6.02
11 +1(80) +1(40) 0(4.5) 53.97 6747 8.83 0.90 0.68 179.81 137.10 5.70
12 +1(80) -130) +1(6.0) 53.50 67.72 7.96 1.00 0.68 169.30  132.60 6.31
13 +1(80) 0(35) -13.00) 52,56 65.70 8.08 1.03 0.72 183.32 140.20 5.53
14 0(60) +1(40) -13.00 5294 6536 7.81 1.10 0.73 184.37 146.20 5.69
15 +1(80) +1(40) +1(6.00 53.95 67.02 7.51 1.01 0.79 158.65 133.50 6.00

WSI; Water Solubility Index, WAI; Water Absorption Index.
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Fig. 9. Response contour polt of screw speed, water and feed rate on the decursin and
decursinol angelate. Feed; Feed rate (kg/h), Water; Water (kg/h), StdErr; Standard

error.

o FEUFL WSHURY 23} 237 3
FE wE 0E Vet

F (Xy), 71~? (X3) (p<0.001)l 3

om, 3% &= (X)ol wWE FRlol 1059, REAF
Xoye 1124, 793 (X332 12,9302 Ueh} d55UH, 7}
R0l EGRS IE A8 AL 4+ S (Tble

13, Fig 9). uehd AAE FFFAL

T &%7F 9371 pmel i, I HE F
7}1‘%} 9.9 kg/ho|H, olu] X FAE 33
WA},

AEYFAY T 23
A= 28.67 kg/h <
S Table 149 e}

360

B ATE BEIEHCAN %16}—5 F82tE ALRTE A
T-EHAHZE: PI006921)2]
éﬁri ole]l ZA=HUTh

=
T=A
e
=
b
N
ffy
o>
it n{?l
oX,
olN
FR

REFERENCES

Abe N, Murata T and Hirota A. (1998). Novel DPPH radical
scavengers, bisorbicillinol and demethyltrichodimerol, from



AELY YO 2

a fungus.
62:661-666.

Ahn KS, Shim WS and Kim IH. (1995). Detection of anticancer
activity from the of Awngelica gigas in vitro. Journal of
Microbiology and Biotechnology. 5:105-1009.

Ahn KS. (1996). A study on the anticancer and imnunostimulating
agents from the root of Angelica gigas Nakai. Ph. D. Thesis.
Korea University. p.39-48.

Anderson RA, Conway HF and Peplinski AJ. (1970).
Gelatinization of corn grits by roll cooking, extrusion cooking
and steaming. Starch-Strke. 22:130-135.

Association of Official Analytical Chemists(AOAC). 1980.
Official Methods of Analysis(13th ed.). Association of Official
Analytical Chemists. Arlington, Virginia, USA. p.376-384.

Cho S, Takahashi M, Toita S and Cyong JC. (1982).
Suppression of adjuvant arthritis at by oriental herb().
Shoyakagaku Zasshi. 36:78-81.

Choi AJ, Jee HK, Ko BS, Kim YH, Lee SJ, Kim CJ, Cho YJ
and Kim CT. (2009). Solubilization of arabinogalactan by
extrusion from Portulaca oleracea L. and its in vitro
antioxidant activity. Food Engineering Progress. 13:169-175.

Choi Y, Lee SM, Chun J and Lee J. (2006). Influence of heat
treatment on the antioxidant activities and polyphenolic
compounds of Shiitake(Lentinus edodes) mush-room. Food
Chemistry. 99:381-387.

Dewanto V, Wu X and Liu RH. (2002). Processed sweet corn
has higher antioxidant activity. Journal of Agricultural and Food
Chemistry. 50:4959-4964.

Fletcher SI, Richmond P and Smith AC. (1985). Chemical
components of red, white and extruded root ginseng. Journal of
Food Engineering. 4:291-312.

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

Ha DC, Lee JW, Kim NM and Ryu GH. (2005). Effect of barrel
temperature and screw speed on characteristics of extruded raw
ginseng. Journal of Ginseng Research. 29: 97-112.

Han SB, Kim YH, Lee CW, Park SM, Lee HY, Aan KS and
Kim HM. (1998). Characteristics immunostimulation by angelan
isolation from Angelica gigas Nakai. Immunopharmacology.
40:39-48.

Hwang, JK, Kim JT, Hong SI and Kim CJ. (1994).
Solubilization of plant cell walls by extrusion. Journal of the
Korean Society of Food Science and Nutrition. 23:358-370.

Hwang JB, and Yang MO. (1997). Comparison of chemical
components of Angelica gigas Nakai and Angelica acutiloba
Kitagawa. Korean Journal of Food Science and Technology.
29:1113-1118.

Kang YH, Park YK and Lee GD. (1996). The nitrite scavenging
and electron donating ability of phenolic compounds. Korean
Journal of Food Science and Technology. 28:232-239.

Kelly GS. (1999). Larch arabinogalactan: Clinical relevance of a
novel immune-enhancing polysaccharide. Alternative Medicine
Review. 4:96-103.

Kim BS and Ryu GH. (2005a). Effect of die temperature and
dimension on extract characteristics of extruded white ginseng.

Bioscience, Biotechnology and Biochemistry.

361

Aol 2220 0jslaH S

Journal of the Korean Society of Food Science and Nutrition.
34:544-548.

Kim BS and Ryu GH. (2005b). Effect of die temperature and on
puffing of extruded white and red ginseng. Journal of the
Korean Society of Food Science and Nutrition. 34:1109-1113.

Kim HK, Choei YJ and Kim KH. (2002). Functional activities of
microwave-assisted extracts from Flammulina velutipes. Korean
Journal of Food Science and Technology. 34:1013-1017.

Kim HS and Park HJ. (1980). A study of the effects of the root
components of Angelica gigas. Korea Journal of Pharmacognosy.
24:173-179.

Kim HS, Kim TW, Kim DJ, Lee JS, Kim KK and Choe M.
(2013) Antioxidant activities and o-glucosidase inhibitory effect
of water extracts from medicinal plants. Korean Journal of
Medicinal Crop Science. 21:197-203.

Kim KM, Jung JY, Hwang SW, Kim MJ and Kang JS. (2009).
Isolation and purification of decursin and decursinol angelate in
Angelica gigas Nakai. Journal of the Korean Society of Food
Science and Nutrition. 38:653-656.

Kim NS, Lim DJ, Kim DE, Sun HJ, Kang WS and Ko SH.
(2008). Increased yield and decrusin content in powder of
Angelica gigas by extrusion process. Korean Journal of Medicinal
Crop Science. 16:184-185.

Kim SH. (2007). Effect of the Extruded Ginseng on Antioxidant
Activity. Journal of the East Asian Society of Dietary Life.
17:402-408.

Kim YG, An TJ, Yeo JH, Hur M, Park YS, Cha SW, Song BH
and Lee KA. (2014). Effect of eco-friendly organic fertilizer
on growth and yield of Angelica gigas Nakai. Korean Journal
of Medicinal Crop Science. 22:127-133.

Matthee V and Appleddrf H. (1978). Effect of extrusion-cooking
on vegetable fiber. Journal of Food Science. 43:1344-1345.
Matsumoto K, Kohno S, Ojima K, Tezuka Y, Kadota S and
Watanabe H. (1998). Effect of ethylenechloride-soluble
fraction of Japanese Angelica root extract ligustilde and
butylidenphthalide on pentibarbital sleep in group-housed and

socially isolated mice. Life Sciences. 38:112-119.

Ng A, Lecain S, Parker ML, Smith AC and Waldron KW.
(1999). Modification of cell-wall polymers of onion waste III.
Effect of extrusion-cooking cell-wall material of outer fresh
tissues. Carbohydrate Polymers. 39:341-349.

Park BH, Cho HS and Park SY. (2005). A study on the
antioxidative effect and quality characteristics of cookies made
with Lycii fructus powder. Korean Journal of Food Cookery
Science. 21:94-102.

Ralet MC and Thibalt JF. (1994). Extraction and characterization
of very highly methylated pectins from lemon cell walls.
Carbohydrate Research. 260:283-296.

Roberta RE, Pellegrini N, Proteggente A, Pannala A and Yang
M and Rice Evans C. (1999) Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Journal of
Free radical Biology & Medicine. 26:1231-1237.

Ryu GH. (2007). Recent trend in red ginseng manufacturing
process and characteristics of extruded red ginseng. Food
Engineering Progress. 11:1-10.

Ryu GH, Remon JP. (2004). Extraction yield of extruded ginseng
and granulation of its extracts by cold extrusion spheronisation.



Ol5/H - ABIAf -

—o

Journal of the Korean Society of Food Science and Nutrition.
33:899-904.

Ryu KS, Hong ND, and Kim YY. (1990). Studies on the
coumarin constituents of the root of Angelica gigas Nakai
Isolation of decursinol angelate and assay of decursinol angelate
and decursin. Korean Journal of Pharmacognosy. 21:64-68.

Seong HM, Seo MS, Kim SR, Park YK and Lee YT. (2002).
Characteristics of barley polyphenol extract(BPE) separated
from pearling by products. Korean Journal of Food Science and
Technology. 34:775-779.

Seong NS, Lee SW, Kim KS and Lee ST. (1993). Environmental
variation of decursin content in Angelica gigas. Korean Journal
of Crop Science. 38:60-65.

Swain T, Hillis WE and Oritega M. (1959). Phenolic constituents
of Ptunus domestica. 1. Quantitative analysis of phenolic
constituents. Journal of the Science of Food and Agriculture.

83 - OFY

362

Hob

- WS - 2UBEY - 20K
10:83-88.

Turkmen N, Sari F and Velioglu YS. (2005). The effects of
cooking methods total phenolic and antioxidant activity of
selected green vegetables. Food Chemistry. 93:713-718.

Ye YN, Liu ELS, So HL, Cho CM, Sheng HP, Lee SS and
Cho CH. (2001). Protective effect of polysaccharides enriched
fraction from Angelica sinensis on hepatic injury. Life Science.
69:637-646.

Yoon SR, Lee MH, Park JH, Lee IS, Kwon JH and Lee GD.
(2005). Change in physicochemical compounds with heating
treatment of ginseng. Journal of the Korean Society of Food
Science and Nutrition. 34:1572-1578.

Yu HS, Park CH, Park CG, Kim YG, Park HW and Seong NS.
(2004). Growth characteristics and yield of the three species of
genus Aangelica. Korean Journal of Medicinal Crop Science.
12:43-46.



