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Abstract

The aim of this study was to determine the effects of different extrusion conditions on the saccharification charac-
teristics(initial reaction velocity, reaction rate constant, yield) of extruded corn starch. Extruded corn starch-water slur-
ries were mixed with alpha-amylase for the enzymatic saccharification. The saccharification yield of extruded corn
starch was high at lower feed moisture content and higher barrel temperature. The solubility of extrudates increased
with increase in the SME input which increased with increase in the feed moisture content. Starch hydrolysates hav-
ing DE 63.8 was obtained after 2 hr reaction. The initial reaction velocity of the extrudate slurry with alpha-amylase
was higher with decrease in the feed moisture content. The initial reaction velocity of extruded corn starch was the
highest (2.26 x 10° mmol/mL - min) at 25% feed moisture content and 120°C barrel temperature, 250 rpm screw
speed. The pregelatinized starch was 1.83 x 10~ mmol/mL - min as a control. Reaction rate constant was a similar

trend to initial reaction velocity.
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= 5ol Paish BAE BAS BASE, FeAL o
£ 999, TESYFOE) 2 FH-E, 2SR, I
Ses 59 PSS AT

X oH
=
2 Ao ARE3 S HES C Cheiljedang Co.
(Ansan, Korea)oll Al AAHe & 79 ARESIALH,

SheF 13.5%, A% 0.05%, =T 0.28%, X35 0.06%=
=45t} 23hAE-S Deasang Co. (Gunsan, Korea)ol|A]
single drum dryer(Single Type E 15/30, Gouda Co., Wad-
dinxveen, Netherlands)ol] 2|3l AAtE AlgkEo 2 SFHS)eF
3.2%, A 0.04%, 2 0.32%, 23] 0.05%A T W
a4 dufold e A (Bacillus licheniformis)= Termamyl-supra
120 L(Novozyme Co., Bagsvaerd, Denmark)S A&-3}31th.
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= TUE 4EAE 7] (THK-3IT, Incheon Machinery Co.,
Incheon Korea) ol A3 F AAHL 320mm, {7AI} Qo
o] H|(L/D ratioy= 24:10]H =35 wl¥-L Fig. 13} 72t}
2 AYdolM SR dEAEEY Axe FEY
2 25, 35%, E == 100, 120°C, 23F IHAEEE=
150, 250 rppmo. 2 FH3A S, EANYHFS 72kgh &
gste] dEAA P G2 P SR AlEe
50°C2] ¥ %7 =7](HB-502MP, HanBaek Co., Kyunggido,
Korea)oll A 12 A|ZF Zzstlom, A S+ 718 &4
71(FM-681, Hanil, Seoul, Korea)® 23+ t}S 50 mesh
¥ A (Testing sieve, Chung-gye Sanggong Co., Gunpo,
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F AH]E 7] A (electrical energy)® YERHATE =
8 FAA19 A (electrical power)ollA RE F3| A<
g9 7+t AA A= T dgo] ek H|7|AA

THEHYE YT

WA Eiare] A2 (1) thet 2t

specific mechanical energy(Wh - kg™") =
{Electrical power with feed(W) — Electrical power @)

without feed(W)}/Production rate(kg + h™")
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SEBXIe +EEERS
AEe] 7354 2487 915t AACC(1983)°] 84
NE 1gAF7E) 575 25mLE 718k

Z(B-490, Buchi Heating Bath, Zurich, Swiz-
erland)o] 4 30 27k AebwwkE § 24182 7](H-1000-3,
Hanil Science Industrial Co., Inchon, Korea) ¢141 2500 rpm
° = 20 w1 LA skt dAlEE §F 3 4
& gFEHAI Fol 105°Ce] EF1%7](HB-502MP,
HanBaek Co., Kyunggido, Korea) A 2 A|7F &< 7123
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Al EFA T}, 28-3R 5=(water soluble index, WSI)9} T
&2 A 5=(water absorption index, WADE 212} 21(2) 2
(3)e= A3t
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WSI(%) =
Dry solid wt. recovered by evaporating the supernant % 100 (2)
Dry solid wt.
_ Hydrated sample wt. — Dry sample wt.

WAI(g/g) = 3

(&8 Dry sample wt. A

Ho[~E

?Q—%é _4 Ho|AE AxE =Fs17] sl A&H
=272 7](RVA3D, Rapid Visco Analyser, Newport Scien-

tific Inc., MD, USA)E AHE-3IATH AIE 3 g(14%, wb.)E

a1 a3 EE 507 62.7 657 T18 Tas 5.3
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1. 1/2 Pitch screw
2. 2/3 Pitch screw

Fig. 1. Screw configuration for extruding corn starch.

3. Forward paddle
4. Reverse screw element b

L/D ratio : 24:1
3.2 cm
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Fig. 2. RVA temperature profile and pasting parameters.
England)E ]85} 550 nmol|A §H =5 =43l

dFugiel ¥e F 25mLY S/
& o] & “3}04 12} 23 & Hlo| AE A
&R M WA 2
A5 Ty 95°CE 5 & T 7HEdd 3 2§
] } 3“1 5 el AA 7} =5
2 ojglom Alg9] i
7+ 960 rpmoi Hgg A F 160 rpm
MM H=2S =4 &UTHRVA manual, 1995). Fig. 2¢] ¥
O|2E HEIFH o 2 RE #2338 % (cold peak viscosity,
CPV), # #7 Z(trough viscosity, TV), # &% % (final vis-
cosity, FV), %337 & (breakdown viscosity, BV)2} 3|5
7 = (setback viscosity, SV), L= =2 A 7Hpeak time,
PT) 59| Hlo]|2EH T AR E 77} A4S T

N

=hSjolo] M=

=Y SFTFAE 1g2 50mM acetate buffer(pHS.6)
HBmLol =9 T 08% AstolelA] smL < #H7Fako]
40°C Q2] FerzoN APLE 100 rpm.:_Z‘loﬂ/\ﬂ 0-

[e]
120 +7F W& /‘]ﬁq 0, 10, 20, 30, 60, 120 ol 20%
S 37t E}\H}‘E‘% BAANHLH. o]

A F SR FLFTFE DNSH (Miller, 1959)
o2 ZA3IATh Al 1 g& 75 S0mLel Sof Hget
¥ Watman No. 1 AIA R A5 § Aodlo] F/5S 7F

3l 100mL 2 H&3te] A 5gdS WEL A5
I mL o DNS AleF 3mL & &3ste] e oA 5 7
WHSAI71AL, AeEolA 1587 F4 Waskinh W2d
ol FFHFE 7Hst 25mL 2 HE3 & UV/Vis-

spectrophotometer(Libra S35, Biochrom Co., Cambridge,
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S (yield)2 S FgEo = 7|35}
_E%I-%I-E'él:

EEYBTHDERE AE2d e 71d= st I35 4T o
3eks SFAste & WHoE o8 Hi thKim &
Kang, 1994). 4EFE5rrAES dupotdaalel o8 2
AR Eket Fetel o] EER R AETA] SR Ad

Reducing sugar content

DE(%) =
(%) Solid content

x 100 @)

[=2a]
27|94 % v(initial reaction velocity, mmol/mL-min)&
Azbel we gal g FAe] 7] APRE HAe 7
]

slod AAFBFATHR5).
v =d[A]/dt (%)

7] &, tangent slopeE ©]-&

(saccharification rate constant)—* skl 9
39 S0l 13 B GapiAl 0 EE 20 B
o] BUGHFE SN, FHE AW Hign
chi =4 (Higuchi, 1963)& 3§ 3t Tt 7k Ao
e #AF S7HFe] 1344 712712 R FET(46).

~R,=kif ©)

R, . Initial reducing sugar content(mg/mL)
R,.Reducing sugar content at saccharification time(mg/mL)
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k : Saccharification rate constant(mg/mL-min'?)
t : Saccharification time(min)

o}, 3 RS 35%, 2% 100°C, 23F 34
250 rpmei| A 537%§ 7P S hEAE =]
Aol ofs) Aol B EE FHH o2 A &
=, °‘2Hfﬂa *H£0H11T7} s J
A Foll 7Rl I3 ol o HE
S|} wpEgol ofgt de/\}—g—«l Aoz T =9
7FHg-3k=o] S71E17] wWiEolth. Chang & El-Dash(2003)
= TEUE 20%, 24% 35 sdsH wiEd 2= SUket &
A g A et 7HAEA T S7FThAL skl o v
B AgoM s sigd 9] Z7ke} A FEESA L] &
7H= #ole 4= Q12IT} Han et al (2008 ¥ 4Hm]-S &4t
stste] HEA7]7] 913 AF A L8 A7} 53
e FETE] FAaT5E ST Bl 6‘}211:}.
FEREAAFE P L% 100°C2 120°CollA %O]
35%014 25%% s w BF = UebgoH, 1
33t Solihin et al.(2007)2] ”5‘401]/\1
2o AFE YeRQITE B A oA FEE=F 25%, wiEd
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35%¢1 79 wlE 2% 120°C, 23F 3| ALE%E 250 rpmell

A SAFSrFo] 0.169%= 71 =Skt
A5 T, ERE, 23F S

d 3T AA AUA Bl FFS mxith

HZAA AU Tl Wate] thE 84X Ws
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al.(2008)2] A g oAM= FEg7Fo] =& wf H=e}t v|71 A

oM Z4zb 8299} 8652 wUOH, FEFHF 35% B A FUFe] AadH, 23T AHEEE FTM7H
npR7EA 2 i E L 100°C, 250 rpm3} HRE L 120°C,  BIZIAIA ouA] B HE FUEItRE Aol s
150 rpmolA] 242t 5949} 6.172 =4t Y& Xd%j— T TR, ERE, 2% AL Wl e of
Table 1. Chemical properties of various extruded corn starch
Extrusion condition .
WSI (%) WAI Reducing sugar (%)
Moisture content (%)  Barrel temp (°C) Screw speed (rpm)
100 150 12.17 +£0.58 6.94+0.34 0.125+0.04
250 26.06 +1.30 8.65+0.31 0.144 +£0.03
= 120 150 2326+ 1.77 8.29+0.43 0.142 +0.03
250 20.26 +0.03 7.50+0.70 0.539+0.03
100 150 11.91 +0.69 5.39+0.14 0.089+0.01
250 537+0.12 5.94+0.24 0.044 +0.01
3 120 150 6.72 +0.47 6.17+0.40 0.046 +0.01
250 9.63 +0.50 5.87+0.06 0.169 +0.01
Pregelatinized starch 34.92+1.76 7.23+£0.19 1.051+0.03
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Fig. 3. Relationship between solubility of extrudates and SME
input.
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B MC25% 120°C 150 rpm @ MC35% 120°C 250 rpm

ZXF B Fo|2AE HAEAR
Ho|2EAEE dutAow

£ Table 20 YERH ATH
I de] AAA =3l
= ] st o]
i= % e g
(Colonna & Mercier, 1983). A2 IH=(CPV)= T8
o] 35%lA 25%E HATTE Frlelglon, 23% 3
AEE 75 150 rppmolA] 250 ipm o2 ol = F715)
= S 1ot vk "FE‘%P& 25%0 A ==2F 31

ol

o
i=}
=
=

ol

(macromolecular degradation)
ZAYE] AEENAE ¢

mﬂﬁ
N

Jlm

3%
7
el
=

mlo
-{E ¥ 4 1‘-1E

Lok L fl

-I./

e, ole
S 7%l wel v 71 A1 A OﬂLﬂﬂ.J 1%}0 7}0}04 L%/\é
PE ARz drio] 270 eS jujgict

HAIHEEGAZPTS BH SR 273 Bol, &

Flafko] v

Eohak 25%0 A 3.60-4.80 &, FESFEF 35%0°A 5.20-
647 Ho 2 FEIFEE 359%00A FIEETF Yy ARe

Table 2. Paste viscosity of various extruded corn starch

FHFE 46.74%= L EFJ 21t} Reinikainen
et al(1986)2] ABIME 120 B WS F DERLS 2377}11
S7F 393, Baks et al.(2008)°] AF A= 120 o 4

7HA] 57} skt

7] 10327 SHAFEEFo] 343
HHEA 7kl 2 ADE®] " AERlo] AAE
Xo] Zt} Govindasamy et al.(1997)] ol A
&P 71E HHS7IE o] &3t Alal(sago) S
Z w X3 DE 10 A=9 Aduct & d3ex=
¥ DE A3E o= & Aok
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Extrusion condition

Paste viscosity (cp)

Moisture Screw speed

content (%) Barrel temp (°C) (rpm) CPVY TV? BVY FV¥ SV¥ PT®
150 641 138 503 1887 1749 4.8

55 100 250 620 62 558 884 822 3.6
120 150 797 155 642 1229 1074 4.4

250 644 37 607 692 655 3.7

100 150 464 138 326 1538 1400 6.5

35 250 1588 129 1459 1771 1061 54

190 150 654 529 125 1590 1061 6.5

250 930 376 554 1480 1104 5.2

Pregelatinized starch 426 3 423 377 374 2.7

UCPV: cold peak viscosity
ATV: trough viscosity
9BV: breakdown viscosity
YFV: final viscosity

IS V: setback viscosity
9PT: peak time
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Table 3. Changes in reducing sugar content of extruded corn starch during saccharification time (%)
Extrusion condition Saccharification time (min)
. é\ﬁfe‘f;“(ﬂz) Barr(f,’g)"mp Scri’:glfgeed 0 10 20 30 60 120

100 150 0.12+0.01 19.17+0.24 3233+040 37.33+£044 43.67+0.62 46.46+0.80

250 0.05+0.01 2031+0.62 3236+0.27 36.24+0.70 41.81+0.28 46.42+0.22

2 120 150 0.11£0.01 21.98+0.68 35.57+0.18 40.33+£0.18 4579+0.12 49.68+0.22

250 0.16+0.04 25.16+0.84 40.68+0.88 45.15£0.16 5231+0.96 55.90+0.06

150 0.10+0.01 2026+0.08 30.21+0.27 35.71+£031 43.64+0.16 4545+1.14

35 100 250 0.19+0.02 17.77+0.12 2898+0.16 34.37+0.58 41.77+0.50 46.56+0.32

150 0.05+0.02 16.84+0.16 30.56+0.50 34.93+028 41.24+0.06 45.79+0.32

120 250 0.06+0.01 2239+0.15 35.18+0.60 40.89+0.16 46.85+0.31 51.46+0.43

Pregelatinized starch 0.10+0.05 23.52+0.17 33.00+0.64 37.15£3.12 45.12+1.26 46.74+1.44

Table 4. Changes in initial velocity and yield of various extruded corn starch

Extrusion condition Initial velocity (1) Reaction rate constant .
Moisture content ~ Barrel temp Screw speed (mmol/mL-min) Higuchi mot_iel (k) Yield (%) DE
(%) O (rpm) (mg/mL-min'?)
100 150 1.80 x 107 0.881 46.46 + 0.80 5283+ 1.64
s 250 1.80 x 107 0.908 46.42+0.22 53.07+0.91
120 150 1.98 x 107 0.989 49.68 +0.22 56.50 + 0.25
250 226 x 107 1.131 5590+ 0.06  63.83+0.26
100 150 1.46 x 107 0.874 4545+1.14 52.14+0.07
35 250 1.61x 107 0.799 46.56 +0.32 53.02+ 1.31
120 150 1.70 x 107 0.809 4579 +0.32 52.12+0.37
250 1.95x 107 0.993 51.46 + 0.43 58.52+0.37
Pregelatinized starch 1.83 x 107 0.984 46.74 £ 1.44 53.19+0.49
AIFEE A3HE Ao} gafol o] b EXx= Zfol7k 120°C, 23F 334 250 rpmoll A B3 =4 0.993 mg/
AL Aoz Holn, F71H¢l Bajo] @ FHT} mL-min'”2 F4 3 235 ERASITh
Z7MEEE(E A} 7149 w27 A EHE £5) HEAF7IE A ERRSTIE A A28 =S I3
© Akl e WA E] sERstE e, a4 HHO R AT A9 FEAE 7] Welxe] &2 wAIZE
71k tigt 7149 s wel GEbIth Table 2] €4 Fotel] AEYPAe] 3L, HERARS] AEAs]l, ol 9
WSS SRR 0 A7 3G Table 4 oAM= B 3 7RSSOl HEHoE dojur] wie] Eie] 9
T dxel wiEe 2uvt 55 Ag, &3F &R 3 ZIINWHEE L= ADE 9AE-S vtest tids] &
S7VEFE 27INgE T FU1s T R 25%, W Q% Q10 % FTHETE Table 20014 & o] i
% 1200C, 23F FAEE 250pmell A 226x 10° & ZAA FEIRA] 7] 10 B7ko] F43] o] &
mmol/mL-min & 7} =94tk WhHe| $EF 35%, vid 7iehe 7P 8% S ¢ & AATh
2<% 120°C, 235 31- 4 250 pmoll Al 1.95 x 10 mmol/ weh &Y A wE AEGESAAFEEL YT
mL-min 2 4] ST} o, WA datotdetalol] o3 27 WS R, BElE s
TGO 25%E oW VSR E A UES A §8 2EE E o dEAITANMTY FEE
H, & 20 Wd et w8 o, 237 JASETE 25%, W2 120°C, 23F S 250 pm A7t F
71 o W& g EUTE Han & Ryu(2008)2 & Ao AT 2ol
4% Wi Fakel ISl el Akl on,
W2 100°CS} 120°CONl M F2-3keko] S7hgtel wheh 2+ 2 <%
2T B Ede], ol # AP FREF
25%, ME2% 120°C, 2357 3]A 250 pmol| A Gk 2 Ade AP S 3 ADEYREY AxgAS
=49 1131 mgmLmin'?o] 3L, FEEF 35%, L= FYatr] fsiA SR 25, 35% WE2E 100, 120°C,



23F IHEE 150, 250 pmoll A FEHF S AR

(??]:
stopetobA| . FeAZlE W FIS4ES ATtk ¢
L&A T AR FEFF] 25%E HAT 5 T
THEACH, FEFAATE e Ahek oA AdAA L
2 S7retsinh S Ee] g el Wal mE e
= ESTE /AT 120 #7938 ¥ DE 638% =
Al veRse v71AE ClAA] FYFESME)S] STt I
FEElEE SUkeke Bl B SEeEe] e
ok A WIZIAA oA FAZFH RSl Ee ST
oh o] 2EH EE QBT FEe] Wi, 2AF 3A
Sr7t VNS AeAkae] dael et AL s
7b #astE A HAT 2NEEEE SRR

226 x 102 mmol/mL-minZ 7} =3Ittt AlF ZIHE
1.83 x 10° mmol/mL'min®l] H|e| = £ A4S B
FeE RS S| HA RS S8etdlon, o] v
I uE 25T 1200CH W HA A2 E=A JERET
AFolA 27WHEE, Gk, B3 58 11y
&, HH 2L FETE 25%, ELE 120°C, =23F
3 M &% 250 rppme] UTH.
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