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Extruder Process

Ji-Yong Kim* and Sang-Uk Lee'

Department of Medical Laboratory Science (Extrusion Research Laboratory Chief), Jeonju Kijeon College
'Department of Bio-Environmental Chemistry, Wonkwang University

Abstract

The TX57-Extruder (TX-57, Wenger Co., Sabetha, Kansas, USA), run by this university, was used to observe the
changes in the active ingredients of ginseng. The TX57-extruder is a pilot plant twin screw extruder whose produc-
tivity is 400-800 kg/h. Ginseng and brown rice were dried (60°C, 24 h), while the sample was pulverized into 50
mesh and mixed at a ratio of 1:9 and then extruded. The extruder operating condition was activated under two con-
ditions of barrel temperature. The extruded products with high barrel temperature showed a high expansion rate, as
well as the important ingredients of ginseng. The contents of ginsenoside-Rg2 and ginsenoside-Rh2 were high. The
contents of ginsenoside-Rg4 and ginsenoside-Rg5 were increased in the extruded product with high extrusion tem-
perature compared with the white ginseng. In addition, the process to enable more efficient ginseng processing
through hydration and heat treatment by steam before extrusion was executed. As a result of extrusion, the contents
of ginsenosides such as Rg2 and Rg5 contained in the recently-interested black ginseng have been increased sig-
nificantly in the condition of high-barrel temperature. This result shows that the process using pilot plant twin screw
extruder equipment can be useful for industrialization as a method of processing ginseng.
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3, gu2 9 FrE 2 g 2R 2Hg FrdE
=3, ISR, G2V BB, THEIN 5
o] %3 o] BIE Y THPark, 1996).

Aitel ekl g e YehllE T8 =22 ginsenosideZ
ol wlFAZA =] Adel= oF 30F o9 gin-
senoside”} £t} A= 7t 715 S EIH(Kwak &
Joo, 1980; Jeon et al., 2005; Choi et al., 2002), B3]
4528 9 adrenaline &, X289 JA &3 (Jung &
Jin, 1996; Kim et al., 2005; Kim et al., 2009a) 52| <F
a7 BAEJQL, Aol gt ol sk fadS
oA ginsan©] killer cellS SdSIAF 024 A 2E
APEAID 4= Q2o B H v} JtHKim et al., 1998). <1
2] AFEUE A FRoAM e d9S ASA7IY Fof ol
BSE S AshArle 23t doal RaEAT
(Jeon et al., 1999; Kang & Kim, 1992). ¢14te] 4kA] t}
FA QS W e IXEFS dWeta, S HE
A e = E27h ltkar Bk th(Lee ef al., 2008a;
Kwak et al., 2000).
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Rg3, Pkl, Rg5 & #Wi4ts} 4Rt 52 3%
UePAt(Jin ef al., 2015). B8+ 7]E9] wtoly} T4t
of vlaiA] &atsl g4, et a3}, vvkdA ez 7t
sl 28 So] stk ARl B F vk th(Kim et
al., 2008a; Kim ef al., 2009b).

H QAR ks AFoE NEE A=, 14kl
L Sk 48 o] &3 HEE FalA So] AlEdS 7
A7l L E oA E(Kong et al, 2008; Park er al.,
2006), 14HS FEAPE AIA FF5Y ARA HELY F
&35 71T F A= WA S(Kim er al., 2008b)2] A
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8}o] extrusion 74
$-9 3= pilot-sacle APl TX-57 extruder (TX-57,
Wenger Company, Sabetha, KS, USA)S &&3F A+5
3 3}A T}, Pilot-scale extruder TX-57-2 Aol 400-
800 kg/h<! pilot-scale AH]o]t}, B3t A& A8 HA
2]7} 7153 preconditioner (DDC)S AFE-3FO 24 H T}
BEAQ ¥4 o] 715ttt
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AE FAS AFH T 2407 60°CollM Ax T E27]
oA 50 mesh E2ste] AL&alch 98 dne it
FRE7 R 2 24417 60°ColA A = 37104 50 mesh
3 ete] ARG o] %, Al HE s ArE V-
mixerg ©|-&3sto] 1:99] H| &R Zoste] YEAHF 98

AgST S A% FAES v £ Qe A8
weigpo] Bol AVIE T 20|, o F 2 A=
Fg5a2 dr) A% BAFS T AHgatant

AF71-A 8 extrusion AT A QP 38H= extruder
(TX-57, Wenger Company ,Sabetha, Kansas, USA)E A&
391 tHFig. 1).

gdsl 2Ad BE ASH Y7 AdeE A
400-800 kg/h©] 27, live binS YEFF(IAS 550 =
B FY Y], ¥=34 7Fe)ydR ol feeder screws
et &2 Y85 FY itk

Preconditioner (DDC: differential diameter cylinder)= <
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MATERIALS
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Fig. 1. Pilot-scale twin-screw extruder (TX-57).

F Feeder screw

FINAL PRODUCT

A-B-B-C-C-B-B-C-C-B-D-D-B-E-E-E

Screw Top (length :
Double Flight (length: 28.5 mm)

80 mm, diameter: 56.8-41.5 mm, 3/4 d pitch Length)

Convey screw (length: 85.5 mm, diameter: 56.8,3/4 d pitch Length)

A:
B:
C: Convey screw (length: 85.5 mm, diameter: 56.8,1/2 d pitch Length)
D:
E:

Convey screw (length: 55.5 mm, diameter: 56.8,3/4 d pitch Length)

Fig. 2. Screw configuration of pilot plant twin screw extruder.
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2 9 Table 33 22t}

A4

2 A = RbI(EE Rel) 3 mg/e)
=C x (a x b)/S x 1/1,000

a: A1§-&-e 2] A H(mL)
b: 3] 4uj

S: A5 AFHH(g)
1/1,000: | 82HA| =

C: A& 5 A Ao E 55 (ug/mL) Zqn} ol nat
Table 1. Pilot plant extruder operation condition gEdd=s| HEut o
S— F24Y AR A9 B HE 44T wael ol
Extrusion operating conditions A 5 Table 4$} 7},
5, £ vk 2RoA AEdte] e AlE BE B
DDC water (kgs/h) 20 20 =, =< v E] 1 #estod | j
DDC steam (kgs/h) 30 30 2 A7 &9 Dol YR extruder v £%27F 5
Extruder water (kgs/h) 0 0 7V 45 B3] St sk A4S e
Extruder steam (kgs/h) 0 0
Feed rate (kgs/h) 300 300 AlBo| M2 2M A1}
Extruder speed (RPM) 400 400 A Ze] AR B2 Az Table 594 7o) dulro=w
Knife speed (RPM) 1800 1800 NEo] AEHe A5z snAse= e, g
Zone temp- () o o U, Bes 50 nEA BAR pHEel ow, ol 7}
Zone 2 temp. (°C) 90 100 ’ e _ e e o >0 =
Zone 3 temp. (°C) 110 120 Zro]l JEEo] a7t ol2A4E, ¥RAY, FAEY T
Zone 4 temp. (°C) 110 140 < 53l MR AEe AgRZAS o] T AUtk wEbA <l
Feed speed (RPM) 50 50 2 frEAES AU &A1)V fEliMe s
Downspout temp. (°C) 85 85 Astal e AlEE el et AFEAS oFsiAlA Sl
Die number 2 2
Die size (mm) 4 4 Table 4. Length and diameter of extrudate
Cutting flight number 4 4 Sample Sample A" Sample B?
Length (mm) 104+0.2 164+0.3
Table 2. HPLC operation condition Diameter (mm) 111+03 13.84+ 04
Content Condition YSample A: Barrel Temp.(zonel: 60°C, zone 2: 90°C, zone 3: 110°C, zone
HPLC Agilent 1200 4:110°C)

Feeding volume
Detector wavelength
Colum temperature
Colum

Mobile phase

flow velocity

20 uL
UV, 203 nm
35°C

Ace 5 Cig (4.6 mm x 250 mm X 5 um)
A : distilled water , B : acetonitrile

1.2 mL/min

Table 3. HPLC mobile phase condition

Time (min) A solution (%) B solution (%)
0 80 20
6 79 21
7 77 23

25 77 23
30 67 33
45 63 37
50 45 55
60 20 80
65 0 100
80 0 100
80.1 30 20
90 30 20

?Sample B: Barrel Temp.(zonel: 90°C, zone 2: 100°C, zone 3: 120°C,
zone 4: 140°C)

Table 5. Ginsenoside content of extruded sample (unit : mg/g)

Ginsenoside Raw material fa)::pul(iei SEa);tlrpulieg
Rgl 14.68 11.18 13.31
Re 15.26 12.68 14.08
Rf 4.08 3.31 3.84
Rbl 24.49 19.77 21.78
Rg2 5.56 4.69 51.11
Rhl 0.37 0.21 0.19
Rb2 5.11 4.02 4.70
Rb3 1.49 1.17 1.40
Rd 1.84 1.36 1.39
Rg4 0.12 0.19 0.37
F2 1.31 0.57 1.38
Rg3 1.05 1.16 1.09
Com K 0.21 0 0
Rg5 3.06 55.81 68.2
Rh2 0.26 0.26 0.43

Total Ginsenoside 78.89 116.38 183.27
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Table 59] #2] Az}oA Rg29} Rh29] §Hako] A& B
oA =A el A A5 A3 Rhy e al, 2012)°]
A AR HEAE 25T 5 ST EAA el
S7vshe Aot dA g

%, olgjgt A3+ protopanaxatriol (PT)Al AFEZYHQl Re
= C-209] 1Al glucose 122} C-6 #1A|°l glucose2}
thamnose 1A} A2 7EX 22 &8 C-20 #1219 glucose
= A e g oJal] g7 o] Rg2E HSkE
Wato]l AW TS AXHEA B A A o=
2 3%F AP EHBE wiike] Re7l £l H o] Rg2E S
Ao g2 Azt
PTA AFEHQ] Rb2= C-20 $1A]ell 2719] I3t ZAtat
Rom C-3 Yol 2709] glucose2} AstaL Tt C-
20 x| B2 4F Holl oJsiA Al el =o] Rg3
£ A Ea7t 0 ASEHY RRE HAsdves 2
ZHRhy et al., 2012)2} L =] gc},
o]%Fe]l AgelA Q14 w9 PDA A2
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o Yolzt C-3 Y9A19] glucose EAIA = FEZ o7
FAIA Rh2Z A 8tE = 2 o= A7t
FAE A AT T4kl do) Qs YA EHE 34
Rg2, Rg3, Rhl, Rh2 5o o o=k <
374 A Z-8-(Keum ef al., 2000; Kim ef al., 1999b),
73F AE(Kim et al, 2000), AN AAE BT 2L
(Bao, 2005), & FAZ-E&(Jung et al., 1998), & 2F3}2-&
(Keum et al., 2000)°] ATIIL sle] FA4tRke] o=
Zaky 9lt),

A EFe] ARl AL v A 7 Eell oA 7t
T F8ll=o] A== prosapogenin FE\S] A-F-=<1H],
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AA7F = AL Tt

4 7 Al B o dell oJaiA AR EE lF=E 7
AeAtol =2 FE MM E5(eung e al., 2007)°] L
7 ZA Ao = Re22 BAEY, 4 SHAE0R 3
2H-(Keum et al., 2003), EU7d3H2H-8-(Kim ef al., 1999a),
A7 B3F 2E(Yang et al, 2009), & B Z-E(Lee et
al., 2009), &4FaA-8(Keum et al., 2000y YERE R
All=Ato]l = Re3e] ATA#7} 9l
Sate] 2 HF AR FA=Afel = Re5] A
Fo] T7Hs Bk ol e
= A8 AFAHet fAE 235 vebdtHLee er

m
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Agloll AFE-3L pilot-scale twin-screw extruders Y=

79l preconditioner (DDC)AA] steaming * &l <] 3}
FozH Qate] KR Tl F7isk=
S = 7 AUth ole Z2HAY A 2 <A
ginsenoside 4= Rbl, Rb2, Rb3, Rc, Rdo|™, =& A
g % Rg3, Rg5, Rkl Uo}7F Rh2, Rh3, Rk2 5 A=
Atol = FheFo] #2 A4S YERH A AZH(Wang ef dl.,
2016)} Ak A& Ve

Pilot-scale twin-screw extruder= steaming®l| 2]+ & H]
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