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Abstract

The starch degradation process extruded at low temperature rice beer adjunct with enzyme
preparation added in extruder and the influence regularity of main parameters in rice beer adjunct with
added high temperature resistant o-amylase extruded at low temperature on main observed indexes for
extruded rice adjunct with above amylase added were analyzed. The research results at the beer brewery
indicated that the recoverable ratio of wort extract for extruded rice adjunct with enzyme preparation added
was 2. 10% ~3.57% more than that of traditional rice adjunct without extruded and the rice beer adjunct

with added enzyme preparation extruded at low temperature was not agglomerated in the water when

B4l A 10

mashed. Meanwhile the working procedure of traditional beer adjunct boiled at 100°C was omitted.
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1 #REFZE

1.1 Eg5HH

B R B4 0 F 0 BLBT BE R AL
3 50 kg/h FI 1500 keg/h, i # H T 5256 % 0F 5T,
Ja BT A AT . B 4G B R AR
R R ZH B, BB AT 4 0 O ~ 1 200 1/ min JE 2% 7]
P B Ry Bl 4 =X, HORE R 0 ~ 300°C %
Zenl i, HA R RO AR A I AR R FEEL
BALFLAR A T i

L=waEE

A AL 89 — 3, &K A 12. 7% , 7 iR

K2 28 b 30T R A, 7 M ROR R, K R
6% , 111 A< A MG T R4

VAT 35 U o-FE B3 1l : Termamyl SC B, {15 )
20 000 U/mL, #5445 (TLFH) A= TABRAF
1.2 RWAHE

&K= F GB/T 5009. 3—2003 ] 5 o

22 A ok 0 T R RO Ak 45 SR B i
UE K 90 mm Y 3, F M U8 40T i B 250 mL
Berrrh, i Sk UE HT 100 mL 22 v T /% (4 L 48 05
9 5 PSR B TR] A U 1 2 VAR

A iR WO R A SCRR 17 1R 5 20

T OB TR 42 ik GB/T 5009. 7—2003 il 5

PO e SCHR [ 18 1 19 43 606 BE R D 7

AR S S B 5 B 0 R A T
B H Il ROK B w4 20 ¢ B AK R S0C 9 110 mL
KU T T I o VE R B A I FLER , T
£ 90°C , fi i I FF 35 min, 7 M Z AT Y3 2 B

(6] , 2 2E M e 30 g % A 38°C 19 116 mL /K, FHil
2 50°C , RIEJF I FE 45 min, M EZFR Y Bk
B MBS OK LR & 1, TR & 68°C , fR il JF:
P FE 65 min, BUAL 5 A%, PRI 2 78°C ¥ 2T I8
WUk

S % 0 A B TR S 0 AR R R A T
5 He AN o g KK SR o Ak 20 IR AR Y i il
HEEIL T2

1RGN He ROK Sl BB Ak T 28 TR PG 3 56« (e
SO (LR TE 40 ) et A BR 2 mlEAT ) KoK iR 4
3000 kg F7K 15 000 kg, 7K 60°C KL, %5 1 3 2 i
T o-VE R AR LR, — B AR, THIR
£ 70°C , PRI IF I FE 20 min, TRl 2 90°C , O ifi I 43
F¥ 20 min, FHilR 2 100°C , IR FFHi+E 10 min, 7EUL
ZHIT Y 35 Y A, & ZF Ky 4 600 kg F 38°C (1% /K
16 000 kg, ¥ IE & & G B, — & 5 AR, 75T+
T2 50°C AR IFH R 50 ming B F R A0 B i 2
WE AL, A )5 THR 2 63°C, 4/ I JF 5 +F
40 min, FE A 2 2 70°C LRI B HE 20 min, B
AR FTHE R 78°C ¥ T BT IE .

TG OK R Ak T 20 T 3K 5 (e
(WIZRTEA ) ey A7 BR 2> w) 64T ) 5 e o it K A e
7 3 000 kg F1 60°C 17K 15 000 kg, % 136 & il &5 i
o-TEMEG AT MR, —BEAB S, THE 2
90°C , PRI IFEHEFE 35 min, 7E I 2 FI A9 IE Y B[], 22
ZF 8 4 600 kg 1 38°C 117K 4 600 kg, S ik & & &
ity , — B B ABE AL, T TR 2 S0°C, fR IR 4 b
50 min R _F AR A0 5 1 BB VB AR AL B, B B S T
2% 63°C , fRiRIF 4+ 40 min, FEIHE 2 %2 70°C , {&
HEIEBERE 20 min, BURS & 4%, FETHIR 2 78°C fF £
B AL .

1.3 RIG=RH

(1) AR BT HE 38 0 A0 AS % it o T - ) il
18 R AR FE 55 FE AL Y 1) 3 o o8 fip 0 22 4

Pl 1 S Bl i) 350 4 s o 2R A BTl 1) BBUARE 7R
R AR R AT e B R A Al e BT
Bl R A (an A (B .C \D E [ F) BURE

XiF I R OK R, B R G B R HLE R
JE T =58.6 ~63.9C Wk & KK W=27.3% ~
30.25% MEAFHEH N =110.5 ~118. 6 r/min £ FE {i
K i R o-UE B B VR i ET = 0.77 ~
0. 87 L/t X AT KK ik}, 55 e & 48 2 50051 5l
J B ENLEE R EE 65 ~ 100°C Wk & K% 16% ~
22% M2 FF 5 200 ~ 260 r/min B FL K B 10 ~
20 mm IS A P 3R 1A A IR AT R i E B 15 ~ 25 mm
(HVE 1 s ORe s B) 1
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Fig.1 Sampling sketch in the direction of screw axis for a

IAACHE U 14

whole barrel bisected in the axial direction

(2) USIITS f5 I oo- T A it 19 DK K ML 4 R 5
YRR I HE S R (8 ~ 13 ], il 3 I
FNHENERIRE T(C) RS KRB W(%) .
PEAT B N (x/min) 8% FE AT ROK A = i o-TE By
fig s g EC(L/G) 4350 o ox, o Fl xR H]
TRIESS R AL A AT IR B ST, P& K F
AR 1 FiR

1 EEAFHS

Tab.1 Factors and levels
241 x,/C %,/ % x3/r+min "~ g /Lot
-2 40 20 90 0.15
-1 50 25 100 0.45
0 60 30 110 0.75
1 70 35 120 1.05
2 80 40 130 1.35
2 HRESW

2 M3 0 g AL B s AR RIS S 0 i g
i oo JE Mo T F) RO Al A B TR AL PN AS [ BRORE 358 47
P8 TR A3 A A AR R AR 2 2R 0 3R 3 B RS I T2 %
SCHRL 19 ] A48 3 1 56 25

®2FMAER o BB KK R E A
M BRI IR 45 R
Tab.2 Experimental results relating to degradation of
rice beer adjunct with high temperature resistant

a-amylase added in extruder

) HOREHS i
45 b7
F E D C B A
I OB 5 % 5.12 8.70 8.87 9.16 9.29 9.87
VEM B % 72.52 68.66 61.75 56.76 54.46 49.61

PrrEiEm %/ % 2.39 1.49 1.28 0.70 0.64 0.53
JiF & /U -g ™! 18.96 12.42 8.65 8.10 7.61 5.37

b < SR BT H 41 E 2008 09 — 12 ~ 20 IR B HF 5845 R
HI3% 2 AT, B 45F T i OROK IR A B TR L &=
B th A A e % T A DR K ) 1 SO S ) R
WIZE 9.87% , FEKYH 72.52% If & 49. 61% , Fi vk e

5.37 U/g,

£3 TFENMHEE o-EHEERREBE
HENMANERRESER
Tab.3 Experimental results relating to degradation of

rice beer adjunct without high temperature resistant

a-amylase added in extruder %
HRE R AL
H AR AR

F E D C B A
A JEOE R 0 B 1.18 0.54 0.30 0.17 0.32
TE M T B 72. 15 67.90 63.76 62.60 59.94
LKA S 74.6 85.6 91.8 92.8
Mg 5 I 4 %X 0.81 0.62 0.33 0.22 0.20

AL AR B e 2ok 2 o, SR R o UE R Tl
ROK WL L A0 B, FE B AT BY UIVE T, 200 B
Tl A %) 8 J32 328 g I A S I 4 i v TR - U R B o T
Tt fife 24 B ) R 5 U Ay A i S W ARE R 4
S 7 K B 2R T R o

HI 2% 3 AT, AU 5 i oo oy I Y DR K AE
B I gk R b, BE R T Ay Bl 72.15% W&
59.94% | JEUE TN K 1. 18% Jd 0. 32% 4
6 RE G 2 92.8% , i i B i 43 %l 0.81% 8 2
0.20% .

AL UL AN 0 v e - VE B i 1Y) KK 28 50 5%
Ja |, BER T A B AR R 5 3R 2 M (H B A
JoT A B REAR B R B2/ o 534 2 O[] R IR 1%
JE 7N 0l P DR K 4 3 W BT o 3 5T MRl ) 2 R
RERY o X P RES Eho A S A R,

Zi b TR, T B 0 R OK R A T R A
T2 BE AR T 5% e AS I il O K 114 T A % i R BE ol T &
WO T K AR S BRI L e 8 KR
ik,

e 4 R AR BT S 0T R o UE A T Y KOK
ML R AL IR R 45 R . REDA B b B 4
R EE (2 E IR IE) o &5 KR X%
TR IR Y, R IR R Y, A Y, B R e
() 815 J7 7 hy

Y, =14.74 +0.05X, - 1. 69X, +0. 86X, —0. 14X, -
1.44X% +0.33X,X, -0. 74X, X, =0. 51X, X, -
1.04X2 +0.42X,X, —0.93X,X, +0. 98X> —

0.5X,X, -1.03X> (a=0.05) (1)

Y, =71.72 +1.20X, -0.72X, —0. 55X, +0. 30X, -
1.82X% +1.34X,X, +0. 03X, X, + 1. 51X, X, -

1.48X% +0. 17X, X, + 1. 04X,X, —

1.15X% =0. 06X, X, +0.55X> (a=0.05) (2)
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Tab.4 Experiment arrangement and results for the

influence of parameters of extrusion system

on observed indexes

B Y,

Riiyilks i

Y, =0.0823 —0.031 6X, +0.026 2X, —0. 006 8X, +
0.002 6X, +0.033 6X> —0.028 5X, X, +
0.007 5X,X, —0.034 3X, X, +0.016 7X> -
0.008 5X,X, —0. 008 2X, X, +0. 009 8X> +
0.007X,X, -0.0057X> (a=0.05) (3)

mLemin ! =Y,/ % Y.
T X IR FE A KA X8 19 1 190 e
2 11 1 -1 11.236 64. 40 0.201 $919.36 mL/min 3 P ICRERE N 72.36% (BUE K
3 11 -1 1 6. 842 71.43 0.071 0. 044,
4 I 1 -1 -1  10.017 65.60  0.191 5 Ry B ERTES I0  E o-E K B OROK A
5 1 -1 1 1 13.793 65.75 0.176 BB EREETESHNHE Trmk R, xR
6 1 -1 1 -1 9.569 7041 0.085 U, 45 R 2 0T 3ok 08 R 5 e B DA K B /MR IR Oy
7 Lo-1 -1 1 12.605 66.74  0.116 YyRES K 3 IR B S, BY S ET I S R - TE A
8 L=t -1 -1 11976 68.50 0.101 i EREE . & RXE TR YIRS
O 60.95 0311 LERE NN I AN (VSRS R - N7/ & B
0o 108 0734 0106 B T =5 5 o- 3 By B S 0 IRAT AR . X T
Looho bbb e oL DA o A L R A K BN U S R R
ST T N kR BT R o-VE B B U6 SR
4 -1 -1 1 -1 14. 423 69. 00 0. 096 ek
15 -1 -1 -1 1 14. 493 66. 60 0.132 x5 FERGFTESHMEFREE
6 -1 -1 -1 -1 9.724 68. 58 0.101 Tab.5 Factor contribution ratio of main parameters of
17 2 0 0 0 13.986 67.59 0. 106 extruding-liquefying system
18 -2 0 0 0  7.772 64.23 0.290 g iS bR X, X, X, X,
19 0 2 0 0 3.163 65. 83 0.165 o 8 e i 0.98 1,93 1 45 102
20 0 -2 0 0  16.807 68.70 0. 096 S 2,50 1 99 0. 85 0.94
21 0 0 2 0 21.978 70. 45 0.085 . 5 50 | g6 0.01 0. 42
2 0 0 -2 0  19.169 66.75 0.121
2 o 0 0 2 10.256 78.26 0.01 6 AR SCHER[ 20 ] MR AL 2 v B A B
#0000 =2 14851 72.49 0.071 ERGEEBESHEMNAE R IR AEES R v W, KR
» 00 00 13T 77 0052 15 F 0 R K L R 1 22 I s IR A R e T AR
00000 RO OO g R B HE K M R 1 2 T 7
I L S B S i et
29 0 0 0 0 12.987 70. 96 0.076 £ I 586 ~ 63.9°C, WA B K A 27.3% ~
w0 0 o o isem o o.0m 30.25% ,WEAF 558 110.5 ~ 118. 6 v/min, £ JE 5 it
31 0 0 0 0  14.085 71.34 0.126 i o-GER RS DN 0. 77 ~ 0. 87 L/t
32 0 0 0 0 13730 69. 87 0. 085 WERGETLSH X, X, X, M X, BAEH S
33 0 0 0 0  17.857 72.58 0. 061 A 5354 0.0.0 F10.8, WFRAE—iLEHE X,
30 0 0 0  19.737 70. 67 0.031 (i=1,2,3,4)X %5468 Y, (i=1,2,3) B2 R
35 0 0 0 0 13.575 71.77 0.171 AT O AR 3 A B B BP0 A X B 4 5 A,
36 0 0 0 0 14320 72.41 0. 065 & 2 Fis.
x6 HEZZFTESHRRERIELR
Tab.6 Verified result of better values for main parameters of extrusion system for wheat beer adjunct
HERGE EE SRR INE B UE 25
T/C W/ % N /remin "' E'/Let™! Y,/mL-min "' Y,/ % Y,
58.6 ~63.9 27.3 ~30.25 110.5 ~118.6 0.77 ~0.87 19.59 ~20.75  74.56 ~75.94  0.028 ~0.036
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Fig.2 Regression curves for the influence of levels of

factors on filtration speed of wort
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Fig.3 Regression curves for the influence of levels of

factors on recoverable ratio of wort extract
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Fig.4 Regression curves for the influence of levels of

factors on iodine value of wort
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WAL L 2o 8 30 ] 3 17, B0240, B0241 , B0242 Al
B0243 5 [ il g AROK Fli k22 1 1932 Wl 19 R 3 (8
72.32% ; B0244 ~ B0247 {4 55 R % JE K Kl b 2 9
(12 U A S Ol 70.22% , B0242 b it #2
b AR B g B B 45 1k TP R O R R A R
Wy B Bt 42 5E | B0243 HRLE, i T R4S T
A, 4% v 45 T Jm il R R A 1V #E b 1 2 100 kg, fi
B0243 /DR 2 100 kg £ HNEG KK SR, W0
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Tab.7 Productive experimental results of wort for

extruded rice beer adjunct with enzyme added

HORE BORMT EBZEM MXHE Ry R

LHES HAe EB/m BURE BU% BER/%
B0240 7.6 51.0 1.0438 10.91 73.36
e 3
B0241 7.6 51.5 1.0439 10.93 74.22
g
B0242 . 7.6 49.8  1.0438 10.91 71.64
PN S
B0243 7.5 48.3  1.0436 10.86  70.07
B0244 7.7 49.1 1.0442 11.00 70.31
4
B0245 et 7.7 49.0  1.0445 11.08 70.70
R
B0246 7.7 49.0 1.0437 10.88  69.37
ok
B0247 7.7 49.1 1.0443 11.03  70.51

AT B0 ROK AR 22 IR A R
X R ) e GE AN B T ORI Al 19 22 TR Hh Pl
A 2,10 ~3.57 {10 ki [N AE 25 AL G M I i AL T

ZHY 100°C & kAL T .
4 it

(1) R 5 TR 35 i A0 AN 35 i e I o- U 4
(19 R K SR E B AL P9 3R A58 I i 1 8 3 T, 5 T
Til R A 114 A ik 1) R FEE I T 5% L AN i g R K 114 9
T ik i (R R L T B U TR

(2) SEu6 38 22 BT - % T B oS 0 T i -3
o Tl F) ROK FRHBT L 0, 8 P 3 KR A Bk A 2
RETHE, AT 0o U BE R G RS R R E R
TS REB B A T8 T g A o D A OROK R
A2 X AR

(3) A=y 2 W] - BF T 0 8l DR OK Al ek 22 7 1%
H AR 256 0T B Y 1 G B s SRR M Al ) 2
R BYIAGRE 2.1 ~3.57 {44, ik T #E
AN T RO AR A S B A 7 B A o AR R A I K
Gy AL S 22 TR R R ARE £ Y TR
F T ARG B AL 2 ) MU RlRE 100°C 2% W WAL
TF.
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