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Influences of Die Temperature and Repeated Extrusion on
Physical Properties of Extruded White Ginseng

Kwan-Hyung Choi and Gi-Hyung Ryu

Department of Food Science and Technology, Kongju National University

ABSTRACT The aim of this study was to investigate the effect of die temperature and repeated extrusion on physical
properties of extruded white ginseng (EWG). The die temperature was adjusted to 100, 120, and 140°C, and extrusion
was repeated under the same conditions with their corresponding samples. Specific mechanical energy input decreased
as die temperature increased during extrusions. The secondary extruded white ginseng (SEWG) at a die temperature
of 120°C showed a higher expansion index than other extrudates. Elevation of both die temperature and repeated
extrusion increased the specific length of extrudates. The highest apparent elastic modulus, breaking strength, and
water solubility index obtained from SEWG at a die temperature of 100°C were 7.53 X 10° N/m’, 7.49X10° N/m’,
and 39.02%, respectively. When die temperature increased, water absorption index (WAI) decreased. The WAI of
SEWG was higher than that of EWG. In conclusion, repeated extrusion affected physical properties of white ginseng
and could be applied to produce improved quality of ginseng products.

Key words: repeated extrusion, extruded white ginseng, physical properties
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WAL TES. S dE O 7

P2 28 AF A=A P 7I(THK 31T, In-
cheon Machinery Co., Incheon, Korea)E A}-&3}3 o
dEAY7 e 23F FHL 30.0 mm, Zol9t 2 H]
(L/D ratio)&= 23:1°]aL Al Y02 A7 o] 3 mmel
A& AHgsiglen, ~a 8 dL Fig. 19 2o &7 %
20%, 2~AF 3 ALEE 200 rpm, YEFUZF 100 g/mine
2 3R AET 255 100°C, 120°C, 140°CE &4
SEdE 2o g =AY shglon,
Table 13 2t} WAUEAPE A EE
(DS-FCPO250, DongSeo Sci. Co., Seoul, Ko-
rea)oll A 50°C, 6417 ek A3 o, AzxH &Y
B2 Q3 vdo], RS A T} gy,
A3t al, 7138 4 71(FM-681, Hanil, Haman, Korea)
2 33 3 50 mesh 57| (Testing sieve, Chung-gye
Sang-gong Co., Seoul, Korea)& £33 E2S A g2
AFEELY] SR LA F(WSDY FEF2AF(WAD 55

=459k

I

=

h= et

=
=21-=

#9779

Table 1. Extrusion conditions

Screw
speed (rpm)

Moisture
content (%)

Die temp.
O
100
120
140

Samplel)

EWG

20 200

SEWG 100
120

140

YEWG: extruded white ginseng, SEWG: secondary extruded
white ginseng.

HIZ[AA ol x|
B 71 Al AU A FYZ(SME input)< Ryu®}t Mulvaney
(1D WHE o] &3t A F 77 & AT &njd

7

A7l A2 JETh & ARE Ao A wE 3
37 Al 2= akel AT v 2 5E A i Y
H dEE ek
SME input=w
Pr

SME input: specific mechanical energy input (kJ/kg)
E: electric power when input to material (J/s)

Eo: electric power when idling (J/s)

Px: production rate (kg/s)

AW E2 FEAIEY AES A =(CD-15C,
Mitutoyo Co., Kanagawa, Japan)® 103] A3l o3t
I HAaEs 27 I A9 7]1aL AT AR b=

AEE 27409 Hgto® AE353T v dol = 4EA
&9 FA dolE 103 SHsled Hulad HA2us
Zr2y 10 A QA 713 @] FAIG dojo v2 FHAE
&Y (12).
=2 r

WAl =AY B =AU T E }2E o] &3 4 X3
WHow F 103 wkEete] Hoighy Hags 242 1714
A LIA 713l Thgo] A& o] &3t PFagkS ATt
(13).

Mo
PETTM MM P

pr. bulk density of flake
p: bulk density of waxy millet

FEEFEys FEARAXANNSFS X EF IR RIS £

T
T

PSS SRS S S P AR NS AT AT

HRIETY

1 4 1| 2 2

1.

2

L

L2 pitch screw
2/3 pitch screw

3. full pitch screw

4. Y2 reverse pitch screw 2 : 3.0 cm

L/D ratio 23:1

Fig. 1. Screw configuration for extruding white
ginseng (model THK 31T).
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M: mass of waxy millet in 125 mL cup
Mo: mass of flake

M;i: mass of flake and waxy millet in 125 mL cup

ZHEI|EFE A2t o™
dEHE = ZAEISAIG 9 3382 Sun Rheo-
meter(Compac—lOOH Sun Sci. Co., Tokyo, Japan)Z A}
3ol 103] &gk § Aok} Hagks 22 24 A9
A713 HiE S AbESth. 5432712 probe angle
type(65°), Hl-&4 10 kg, AA ] ©]&<%% 60 mm/min,
AAY k] AY 3 em@lth S8 A& Ryust Ng(14)9] %
He ol &35t ARG ATF(Eapp) ot T H (Fro)= 22
gl Aoz Aar.
Eapp = (dF/dD) (64d”/ 481D")
E.pp: apparent elastic modulus (N/m?)
dF/dl: slope of the linear section of the force-dis-
tance curve (N/m)
D: diameter of extrudate (m)

d: distance between two supports (m)

Fus = Fo/S
Fus: breaking strength (N/m?)
Fs: maximum stress of extrudate (N)

. . 2
S: cross—sectional area (m°®)

T2 X2t +E2SEK|e
Az 784 AEE B8] flte] AACC WH(15)
S S&3l A% 719 AR 1.5 gol TFS 30 mLE
7Fste] 30°Ce] &-24=2(BF-45SB, Biofree Co., Seoul,
Korea)oll Al 30%3F vk & A41#2] 7] (H-1000-3, Hanil
Science Industrial Co., Gangneung, Korea)°l 4] 3,000
rpmO.E 2057+ YAH e it Aol or2u)y A
of 2 ¥ AHEY FAE FA45a &FvE JAE
105°Ce] €& 7 x7]/(HB-502MP, Han Beak Co., Bu-
cheon, Korea)oﬂlﬂ 2M 7 FoF Axsle] A5 Ao PR
stk =4 5laL S=8-83) X942 (water soluble index, WSI)
o} =85 2% 9=(water absorption index, WADZ 77+ t}
S0 2o AAakE T
WSI (%)=Dry solid wt. recovered by evaporating the
supernant/ Dry sample wt.)><100
WAI (g/g)=(Hydrated sample wt.—Dry sample wt.)/
Dry sample wt.

HO|AE NME

WA EAHEEY] Hol2E HE+= Ryu 5(16)2] WS
<83+ Rapid Visco Analyser(RVA-3D, Newport Scien—
tific Inc., Sydney, Australia)E A&}t A|& 3.73~
3.84 g(7.85~11.29%, w.b)& &Fn| g7l Y& F 24.73

Zhd ¥ W4 xae 27
B 5k 95°C7kA 714, 3
25°C7HA] W7taelth. Al= ] v‘f—ﬁ% F7HA7171 918
10%7F 960 rpm o2 #HES 311171 3 160 rpmoll A =
3L E(peak viscosity, PV), A =(trough viscosity,
TV), H&% Z(final viscosity, FV), 7+%33 % = (break-

down viscosity, BV), 3]&7% Z(setback, SV) 52| #Ho]~
E AL g AT

Mo

A== AMAA (Chroma Meter CR-300, Minolta Co.,
Ltd., Osaka, Japan)& ©|&3}o] ¥ x(lightness, L), 44
%(redness, a), f%"*—‘1E(yellowness, b) #& 103 ZA3}
of gk HAgks 242 IR A7) Fage s
ERI T 5 A e] 3k 1L=98.09, a=0.04, b=1.039]
At

NEEES

FEHPE UUS MFOoE 29 F wdahs FAR
2+ v Z (MIRA LMH, Tescan, Brno, Czech)2. 2 7}4:4
g 10 kVellA Al F2E& #Zs AT

SH X

2 E=elA] Aate] SAA = SPSS(Ver 12.0K, SPSS
Inc., Chicago, IL, USA)E ©¢]&3%F Duncan's multiple
range test® AFFEA] & FoldE& AT

2

]
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4

HIZIAIX ol X| El2t
HI 71 A A FJ=F2 A
ot=A Y & o] 609.5 kl/kgl &

Z7 2% 100°CoA] 18]
]_
ET X 140°ClA 13] &4
==
o]

A SR, A}
©] 295.0 kJ/kgo. &
7} Bl vt gt

39, ol Jin

ﬂ*{ﬂ 1:1}r

74 A A=Y HTable 2).
Ao HIZIAA A FAH

N
—
o

(7] okl E 100°C ol 4e] 1ol A G2 Y okl
& W) BT RE7k Fgel met W] Hwo) gasta
SHEYR7]) M W] Stelo] FA1Eel met v A o
U Eqpe] gastgithe AT Avtsh AA @k o
e BT eRoA 13, 28 FEAF A Y
A FJeel Aol 18] FEHPL AXAA AR B3
2 9l F7H Ao ARdn
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Table 2. Specific mechanical energy (SME) input and physical properties of extruded white ginsengs

Sample! Die temp. SME input  Expansion Specific length  Piece density  Apparent elastic  Breaking strength
P (°C) (kl/kg) ratio (m/kg) (g/em’) modulus (N/m?) (N/m?)
EWG 100 609.5+0"”  2.100+0.145"  60.489+0.833"  0.248+0.008" 4.28E+08° 5.64E+05"
120 339.8+3.1¢  2.283+0.004°  79.495+1.432°  0.187+0.040" 1.78E+08° 2.48E+05°
140 295.0+4.4°  1.708+0.006°  123.790+0.886"  0.182+0.003" 3.26E+08" 2.47E+05°
SEWG 100 476.2+82" 1.598+0.007°  97.040+0.437°  0.263+0.008 7.53E+08" 7.49E+05"
120 442.0+4.4°  2.401£0.086"  85.768+0.646°  0.159+0.003° 2.05E+08" 2.50E+05°
140 305.6£3.4°  2.143+0.006°  112.078+0.692°  0.158+0.010° 1.78E+08° 1.33E+05°
YRefer to Table 1.
?Values with different letters in column are significantly different (P<0.05) by Duncan's multiple range test.
Tl dSo] 7hesttt S5 wite] dEAYERA AE®T oy T A
B, ZgolAd e 33E 5o g AT iy, o)
mWItEY o] A AEAY 3G T LR ool A vldEAQl
S=AHHE] Wt 542 A YIS, vjdo], 2A4EE B3e} 7 o] Aotk Kim3 Ryu(7)e] <ol
= AEAYEY 2470 5L 39y, AT 9% A BaE ok gk wiabe ) obEA Y Wik o))
A= F 8 Ao tH(18). WAtEAAFE] HstE, v 24 FAR e AlET 2X7F AT ool Al Wik
o], 2Z}A L= Table 29 2t} o] Fx7F gy Ho] Expgko] A Y] Wil AFET 2
275 &2 AMET 257F 120°CollA] 23] dEAHE % 120°C o’de] Wit 4y EoA b2 A7t Yt
o] 7} =& 2.40140.086 0.2 SAHF Yo AlET 2% Row derdETh
100°Cel A 23] k&4 Eo] 1.598+0.007= 7Hg A
SAEAT. 2= F7hEel et njdolrt ek A 28X |2t =286 X|
o] el o, ol Gui 5(19)2 &4k d&A4d A+ AFET 259 uhE gEAYE S B3 MAAEA Y E

ATk ol ALET 2% 140°ColA 13] &4
P Eo] 123.790+£0.886 m/kgl & 71 =A Ao,
AR T 2% 100°Col A 13] k&4 8 Eo] 60.48940.833
m/kgo 2 7P GHAl S AL WskE 3} v ol A
Fhgko] wkal ekt ol Av], okAllF dEAHFES] A3}
Fol diste] Gil?} Ryu(20)9] 79} A#7} A X3kt

ZZPA o A ALET &% 140°Col A 23] wAaketEA
3 Eo] 0.158+0.010 g/cm’= 71 3A SAHHG o, A
E7 2% 100°ColA 23] wiitEAd g Eol 71 =
0.2 7}
7}

-

26340.008 g/cm’E ZAF AT}, FEA o

KR
455 24UEs gastgla 19 GE P
Fol A

no O

=
O E

L
A2tE A3FS BYtH(Table 2). BHAAIGE AFST
100°Cell A 23] &4 & Eo] 7.53x10° N/m*&2 7}4
SAEN Y, AMET 2=
1.78x10° N/m*2 7}g @& A35S veid, u3
AP 2% 100°ColA] 23] & F Eo] 7.49x10° N/m?
2 7 =4 SAHEALH, AFET 2% 140°CellA] 23]
SEAFEo] 1.33x10° N/m?%2 714 @A ZH AT
Chinnaswamy$} Hanna(21)& S454AE JEAIEE
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P23 vjwsld 23] dEAHE
o] A, T3 AMET 27t S/1ETE WAL
S7Fste] 140°Cell A 13] WattEdd ol 4.34 g/go =
71 A SAEALH, 100°Cll A 23] WAktEAd EEol
2.84 g/go 2 7} W SAF AT Han 5(22)0] 2w
SFEFAR GEAYE 227t FrebE WALRE S48

= Aot dAEeITh
WSI2| 7%- WAIS} Wb 2 AlE 2527} Z7)shd 74
3= 7 3Fo] UEht e, 100°ColA 23] WA R o
39.02%= 71 A S8 A3 140°Cell A 13] 4t
A8 Eo] 33.52%% 74 WA A EAY. Gilzk Ryu(20)
o] A A EW AlET &7t S/HESE WSIZE

—

]

Zragitta sgled 2 A Aol dAshe AEgE B3
o FHAE Ae 42 T4 5 1, 18 ddge
2 Q3| Mol Akgo] AutEa WA ] SR A
gl Hla] EA P S oS A5 WSt F7hehe AL
2 AlREH
HO|AE M

WA EAPEY Fol2E ARE vl 248 Aie
Table 37 Zth. HuHEE dsuWiEdo] WietEAdd
EHT %o, 140°ColA 23] WastEAdE Eol 7H
A SAAHEAT AR A e s o] 7Pt A 5
AERom, MAIEAAEE 1] Atol& gttt Fx2TT
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Table 3. Water absorption index (WAI), water solubility index (WSI) and paste viscosity of extruded white ginsengs

1 Die temp. o Paste viscosity (CP)

Sample ©C) WAI (g/g) WSI (%) VE) ™v = BV SV
WG - 3.20+0.05% 27.34+0.10° 825 508.3 1,312 316.7 803.7
EWG 100 3.50+0.03° 38.93+0.08" 569 0 1753 569 175.3

120 3.85+0.01° 36.05+0.41° 237.7 1.7 113.7 236 112
140 4.34+0.04° 33.52+0.30° 347 0 98 347 98
SEWG 100 2.84+0.04° 39.02+0.45" 253 0 37 253 37
120 3.2140.03¢ 38.4840.26" 317.7 0.7 49.7 317 49
140 3.55+0.02° 37.01+0.90° 204 3 55.3 201 52.3

YWG: white ginseng, refer to Table 1.
?Values with different letters in column are significantly different (P<0.05) by Duncan's multiple range test.
PPV: peak viscosity, TV: trough viscosity, FV: final viscosity, SV: setback viscosity, BV: breakdown viscosity.

A HuPE HAHEY Apo] & Al 25 100°C AR
oA 13 WiatEAF B 7M = FAEJY. 2= WAkt B o] M gk Table 40 Uebct. 3
whet dge Ago] deluA] 2 HuHE, HAAH =} S-S Matel A 86.81% 71 A SAE e, 140
TR HE7} Alehs A2 &Y FAHAA Ak °Coll A 23] WatEAdE Eo] 59.5642 714 WA 54
2 3 Ao AbEo] 3 E HPHIY] WEroR I w9l AEAY 349 Zrto] whet Lgke Attt
Atz Ao} FAE = 140°Col A 23] Wit EAd P Eo) 7217}
HTAEY) I HHE= WE DA 71 A SAHH 10.65, 30.54% 714 =7 Ao, Wit = zHzt
Aar, WatEA Y ES A3 HEHEE dubd e 0.28, 15.632.2 7} WA S4 A} G % (a)9} FA=
2 2359 A ¥ 2 AME-H =, Grant(23)+= HFHE7 b= AtET 259 4EAE 359 St wet agkdd
D= i) At wusgioh AFel =3 bgko] FUlaklEd], ol WAte] EAE T Al 12,
B A% 2454, % 25kE 5o 2 AekE oblehs mge] JFoR Qe 2ME fiel Aoz ARATH24)
ol ¢l Aol Wik GEAFS Bt UAAEAIE
o] HEFHEIL gAadte] w3 dadte S A9 5 ojM7=
ARt AP T 2L THE gt F e wE WSS P E 9
7189 F2E 5082 Eusle] Fig. 20 YeER o,
100, 120, 140°Ce] At 229} 1, 23] &4 T4

Table 4. Color of extruded white ginsengs

Samplel) Die temp. (°C) L a b

WG - 86.81+0.267™ 0.284+0.023" 15.63+0.026°
EWG 100 75.94+0.169° 3.76£0.093¢ 26.87+0.159°
120 72.71£0.191° 5.77+0.122¢ 28.04+0.354°

140 66.92+0.179° 8.14+0.121° 30.47+0.274°

SEWG 100 72.40+0.250° 5.55+0.110° 28.25+0.432°
120 68.43+0.285¢ 7.65+0.149° 29.89+0.388"

140 59.54+0.293" 10.65+0.252° 30.54+0.517"

YWG: white ginseng, refer to Table 1.
PValues with different letters in column are significantly different (P<0.05) by Duncan's multiple range test

Sample! EWG SEWG
Die temp. (°C) 100 120 140 100 120 140

Fig. 2. SEM of extruded white ginsengs (50). YRefer to Table 1.
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382 wlg 7139l Ar]et AAH SAAE S8
Ao2 bl

o Ok

) =
2 AYH2 xS 259 kS A o] MANEAYEE
o] B2]% EA nX= J3s BAE T 4EAE =4
S FR] ek 20%9F A3F 3 HWEE 200 rpmS LA A7)
I EYWSRA AMET L5 100°C, 120°C, 140°CE 13,
23] ukE gAY AL stk n7AA dluA FUH
& A}ET X 140°CollA] 13] & A8 Eo] 295.0 ki/kg
o2 71 G SN 2270 B T AT A=
AFET L5 100°CoA] 23] ot&=A ?{i%o] 7.53%10° N/m?

=A SAEJOH, AFET &% 120°ColA 13]
o] 1.78x10° N/m’& 7} w-& AFgS el
Wtk w3k 38 ST 25 100°Ce A 23] 4EA Y
Bo] 7.49x10° N/m’Z 7} 27 SAH0eH, A& &
%= 140°ColA 28] ¢+EA P Eo] 1.33x10° N/m*=2 7+
A SAEA Bst 544 120°C 13] WaetE4 3
Eo] AAWsHo] 2.283+0.011% 7 =7 SAHEU S
: Hléol AA A= A= AT &% 140°Col A 13] ?J
A ET AFET 2% 100°Coll A 23] MAdEAAEE
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