b € =54 28 "Wr00D AND FERMENTATION INDUSTRESI

REBECEAREUBNENEEREHERFR
T R, AB¥, BREE, AEYR, BAX
IIHAS R RSB EBHE S RRRFEAZRE FXH, 214120 2R LH £ HHARA T IHBE,22300D)

NOE AAENGBAARATRNARER, X AL SRR GRAAEHA L, FRTHARN K
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W GOD AR ARZA,. H% GOD R THESR
eH . EeEERR . ARANERIBPHRE 24
BT H0,, iz RAERK HO, & EHETEHE,
SHBARNME S REE"T; KK GOD EE# 4
BB EnE, AEBAFBMA 5 mn RAKXT
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FH EME GOD HERSE.
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BERG S SA R B L, DA R
HRATRE . AAWH. XM HERAS HMAREH
W sa,
1.2 RRNHE
¥ i X Farinograph-E, $I ff {{ Extensograph-
E,# H Brabender 22 &} ; M {Y TAXT 2,%EHT A
ARG FMEN,TP-201D &, FERERRFRAA;
EEH,SM-32S M, FEEHRMARAAEHA,
SM- 32S ®, R HRHERAF.
1.3 ERAZ*
1.3.1 #EELGODHHEAMAENT
RABGERS RH-@E (LA 1, 0.03
gCaCO, 510 mL 1. 5% HMAMBM BERHYFH
JG A% 30 mL & 1% Span 80 By P+ ,1 000
r/min 34t 2 min, BEIMA 30 mL £ 0.2 mL ZEH
Y, B 10 min, B0 A 120 mL B F K,
400 r/min HHHE I 40 min, MOV EHAREBEER -
£E/NBR(CA), B2 mLCABIA 1 mL ¥ EH 1 mg/
mL & GOD (pH 4. )%, "KM 1 h FMAB 2 mL
FREAME N 1AW ARERB P, RERMAE 10
min, B O % % 18 B % R 0 G % B %L GOD
(CACH-GOD),

SRR + Y + E-1 & 2 [5%)
caco, [ | Spamt0o [ %%
copu Rteso i
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B, MBI A% i LB (CACH-GOD) #: B 45
HEARFTET el L, R HE ARG,
SR AR R O ok W MR AT
1.3.2 EuB AR E

%8B GB/T 14614—2006 ,
1.3.3 4R EHEreRZ

£ 8 GB/T 14615—2006 ,
1.3.4 @EBRER

TH AL T - T 8 800 g, P # 200 g, K 530 g,
HEPE180g, R 10g, BB 10g, BEMW20g,—FR
GOD 5 CACH-GOD. T 4l fE Rk FI th i & B %,
KA M A B SR AT, RS 2k S BEH# 3]

AUAFRBENIE. 83 5 min, 4#) 80.0 g/4,
R % 110 min, $ti6. BAEEBFE 35 C,8E 85 %, .4t
ERPBE Fk 190 °C, Tk 190 °C, #t3£EFE 12 min,
1.3.5 mefAani

WEMEE:1.0 mm/s, MEHEHE: 1.0 mm/s,
FiE/EEE:10. 0 mm/s, FEEE.50%, B 30 s,
B HE .25 mm, BEHEF 2 cm,

HEHPE 2 h FTECSEHLERS T, 84
BB 5 K¥AT.

2 HRE5it#®
2.1 BMEHAREFERHEW

%2 GOD 5 CACH-GOD NHAGEHENNEHEOLR

BEBEMBED/U- kg™! % 7k 2 /% ¥ it (8] /min 8 2 Bt ] /min HE/FU BEE%
0 60.1 21.9 27.6 4 300
GOD (100) 61.8 20.0 28.0 20 386
GOD (300) 62.0 19.6 28.9 20 395
GOD (600) 62.8 19.6 17.9 24 374
GOD (1 000) 63.9 17.2 17.0 40 263
GOD (1 500) 62.7 13.8 18.8 73 205
GOD (2 000) 61.8 9.0 16.0 69 174
CACH-GOD (600) 62.4 20. 6 28.8 15 338
CACH-GOD (1 000) 63.2 ' 19.2 27.0 22 : 420
CACH-GOD (1 500) 61.4 20.0 26.7 30 347
CACH-GOD (2 000) 61.8 16.1 19.6 28 284
CACH-GOD (3 000) 62.2 16.3 15.8 41 256
EDE1kgERTEREMEHHEELHIE ALY REDABRKSEE 14X RKE,
%3 GOD 5 CACH-GOD X H BB RIS1EAI KW
BEFEMED/U- kg™ kD /% ¥ i, bt fA] /min 3 % F} 8] /min FHiLE/FU LR
0 55.4 1.8 1.8 85 75
GOD (100) 57.1 21 2.6 66 114
GOD (300) 57.7 2.6 3.5 54 156
GOD (600) 57.5 3.1 2.9 56 184
GOD (1 000) 57.1 2.2 3.6 64 99
CACH-GOD (600) 57.4 2.1 2.6 62 118
CACH-GOD (1 000) 57.2 2.7 4.2 54 200
CACH-GOD (1 500) 56.7 3.6 3.8 49 247
CACH-GOD (2 000) 57.8 3.0 3.2 52 144

E:DH1 kg @R TERFENHEHEEAREE N RUYG2) REFNERKS TR 14%HRKE.

¥ A 3 78 i 7% 1% it 18] (development time) &
REEHRAREXHFHENEERE. BAERE—1
BREROIR BEE TG OTE R, BN EER
WRALK, EANYIEERT BHERHBR
Z . AHMRBEMEEA R ERT RERK, RIS
KR EGAMERK. EE B EERRBKELT,
AF10min WEAMEAERNALBEFERRE, FHT
BEmAMEHEE, BHEROE RN RIREES

BERERD, BEHE (stability time) 35 A E B #
R 56 0 T PR A 3 T A A A X B ), KR
BRI P it B 4 B XY BY VI SR RE . BB e IR
AR, T P B3 BRI A R K T M B R A
B .

# 2 %1 GOD 5 CACH-GOD X 1 3 ¥ ¥} i 4%
HaEm (GEREMAERERZEEATZ8) .M
A GOD =% & 4k GOD #B < 4 & m H o R oK %
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(water absorption) , XX HREM B TREF K. &
D7 & & B GOD (<600 U/kg) Bt , i Hl B9 TE &
B ) AR B ) A AL A K, T 55 40 B A B i 9 IR
KROABRKRE, EAMAEHAHERER. ABE
gk L F/ (KF ), —E &H GOD(<600 U/kg) 7|
DA R O B A B R AT E S 10 min 5,4
HREAMOERLERE, RAINFEHKE 10
~20 min HLEVEE, T M2 18 , 4 BA T B 600 8 e 4
B, GHEEE/LBMAE>] 000 U/kg &, 8
Bl K FRAEE, FREPELE MR TR, R’
REHBEAHENSE AR EE. B4
BEAMELEASHMNARB LR BARE, T
EHFERAELBRERM AR HO, R TEH KN

SaW, AT ERAAARAL., 5B KM GOD
# . CACH-GOD 3f iyt R A tE B 8/, E TR
B (=1 500 U/kg) A 4 B AR B ¥ 89 72 B (&) 0
BEatEl, XL CACH-GOD WEBH#EER1®8. &
EHMEAERIBF HO, £ RBERD, 5HERH
L BB B 5 B0 Bk DR A TR A

2 3 % GOD 1 CACH-GOD s{ 5 M i W,
GOD #1 CACH-GOD #& & T E ¥ a0 gt [B] fl i 8
o 1 , 55 40 BE ok S B i, R B RS B, X
5 XmmEMAR ", SRHEBHRE—H,
CACH-GOD & 3Lt} ¥ i 4 4k 7 B2 %48 , % 1 H # B
HERBRET.

% 4 GOD 1 CACH-GOD X H A H st LMY

R D 18 45 min 8 90 min {8 135 min

0 gt A E  Rw  Ra A E  Rw R, A E Rso Ra

/em? /mm /FU /FU /cm? /mm /FU /FU /em? /mm /FU /FU

0 102 123 406 654 122 118 498 786 114 118 472 756
GOD (100) 109 122 411 655 120 119 492 777 120 114 490 766
GOD (300) 128 144 425 688 135 128 522 796 142 119 514 796
GOD (600) 132 154 456 663 134 154 542 756 152 142 598 822
GOD (1 000) 142 155 491 684 148 146 612 838 153 134 718 877
GOD (1 500) 152 156 496 736 160 137 681 948 172 120 840 1114
GOD (2 000) 141 142 537 752 152 130 715 900 166 121 778 937
CACH-GOD (600) 111 125 409 645 130 124 524 796 135 126 501 752
CACH-GOD (1 000) 119 136 442 668 141 152 560 818 148 139 533 797
CACH-GOD (1 500) 117 134 481 674 152 172 588 824 165 145 597 822

CACH-GOD (2 000) 124 141 420 679 154

177 574 818 161 131 688 902

EDABSEB;E: E M Ro - 50mm A TARFE S s R MABLIHE S 12) % 1 kg TR T E PRI EHREABATE DB

B1#% 4 W&, GOD f1 CACH-GOD XM & Hima
BB W (R B A MM AE R E T E AT
ZWs), B GOD ¥ bn & a9 3% hn, & B &9 Hr 4 i B2
K, 487 A6 T A R AR 4R AT, X U4 A T A A A S R
GOD BB 4512 1 T8 75 ) 45 45 ¥ ) A= R 5 T D O EE 0 42
(E)MHFLHIBE F1 (R) t &R A BT 42 % , B 1 B i v #4E
HAFSESINE LA TRROEGHE
B, A8 B AR R B o] B9 2E 4% X PR PSR B W0, —
FEERTFEAEAPEETEEHERMEL, B
— 77 T AT BB A4 IR R 2 B o ) R K R 7E T ) oF O
RiE . EETHRAEA" ., SEBRBRRELFTARF
W, mRA S HEEA HI GOD I &, HH &\
EALRBLR , X ] 682 B b TR R {6 F 4 TR R IR
WA EAR, B RHENERABRRUAHEE, BEXE
i GOD i i A 9 B of K, 840 1 500 U/kg BgAt
HHAK R, ®F 1000 FU, KKESZTEHEFENE
FITE Bt B A T B AR 4R TR B R RS R
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AHEMNREMMBFMAKE, 5% % GOD M I,
CACH-GOD ¥R 18 45 min T B 8951 {8 2 3 & ma 8¢
AN EERBREEERHERE 90 min # 135 min
MEEA A S KA E. CACH-GOD W% in 8 %
WK TR 90 min [ B &Y I o # , T B B G A 4k
818, %4 2 000 u/kg CACH-GOD B [a B ) % fef 44
E3 177 mm, T H T2 A A K 118 mm F45 FH
BB 130 mm, {#E 135 min K70 CACH-
GOD #y i B , 3 3E {6 4 4 Bir [ 9% , hr 4 B h 4 i, (L
BM LR T E GOD, X i 8 CACH-GOD
MEREEEAATESEROERAKIL, BREH
FFREELRE.
2.2 BMEERROEE

BiGOD FHEARMK, REKDBED—E
MENERSEH1AE2) EEMENENYNED
BB ERE A, LR INE N 300 U/kg i HAER
WK 14%,5 MR . {5 GOD it & (=600 U/kg)f5



EAARE/N, REARE BENEEHES, IR
B 28 E &4, CACH-GOD  H & & &
M BNR(RERHMEWEREEENTZH
KT HE GOD, HRAFMENNEARUBKRTE
. ERLBEE. HFm 600 Uke CACH-GOD Bt
Fa kA 25%, RN 0.68, ERTEHAN
0.54 71 GOD X B A K B K 1E 0.61. 5 H GOD
HH,CACH-GOD MR MB BB K EAMRBE
W, % B SRR B4k GOD Ryt 4L 38 BE SE A # T 1l 75 M
BERMEREAFRAEEAHCGRRANER.
®5 GOD# CACH-GOD HER&RNYW

BEEMR" 3.3 #H [-1:4>1

/U + kg™! /g /em® ¢h+D)
0 72.54+0.2 438+5 5.1:9.4
GOD (100) 72.840.2 455%+5 5.2:9.5
GOD (200) " 72.440.1 470110 5.5:9.8
GOD (300) 72.140.2 498+5 5.9:6.7
GOD (600) 72.64+0.1 4855 5.859.6
GOD (1 000) 72.6+0.1 450+5 5.3:9.8
CACH-GOD (100) 72.540.1 4905 5.7:9.9
" CACH-GOD (200) 72.6+0.2 510%5 6.3:9.8

72.5£0.2 515+10 6.2+10.0
CACH-GOD (600) 72.4£0.1 5455 6.6:9.7
CACH-GOD (1 000) 72.8+0.2 496+5 5.61:10.0

D | kg WA TE SRR AILILE S RO

CACH-GOD (300)
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2 GOD # CACH-GOD x{ i {3 tb & B W
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K2t (- D)
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by
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th
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@3 GOD# CACH-GOD M E & & LMER

AR TP R R B S BE R B R R
SA T SRR S R OORE 60 B K I

£EFE5HALER

BEAGAEEXR RERL . ZRENSAWTHN
St K A, T O OB SR R
A A 4387 AR LA 0 T A A R RCIR B » T L9
BRTARRE SSENEREROTFNTLLRR

%.
$ 6 GOD# CACH-GOD HE%HEMNER"

. 3390 o
10~ k! 1] 1 1 3:3 an [ L3
0 183. 8¢ 417 0.903¢ 83.86°
GOD (200) 147.74 -2.11b 0.909 76.91¢
GOD (300) 128.30 —0.31¢ 0.926% 53. 80®
GOD (600) 126. 6% 0,78¢ 0.967¢ 60. 06°
CACH-GOD (200) 122.3% -0.7¢ 0.955¢ §2. 550
CACH-GOD (300) 104.2¢ 1.504 0.965¢ 50. 89*
CACH-GOD (600) = 107.2% 3.76° 0.992¢ 52.72¢
CACH-GOD (1 000) 112.8 4,52 0.9894 §5.21%

E:.DEHRA-FARATFEZAREEX  ARFHZEABE(P
< 0.05),2) 8 1 kg BB T 2 o0 7R 45 A LR 015 7 AL B 3.
%t GOD #1 CACH-GOD #B£: 1 A 42 49 &
B EHOHAALEW, % 6 41 GOD fil CACH-
GODXMEREHWHE®W. A GOD # CACH-
GOD 1B 3 R T 0 f2 A9 18 BE AU PELHE , %5 I 600 U/
kg GOD Bt B & 4 %1 T B 31% #1 28%. i CACH-
GOD » 4 B B M iR 1 B 32 2 B 3 , %% m =300
U/kg CACH-GOD Bt , TR )5 48 /5 2 h N EE L R
EXRAM 0% AL, WRERE/D 40%, R
2 FHg (LI 2 , i A CACH-GOD 2 J& Fifu By K £ 78
AMAKRE HUEF BEERTFEANBANMER
e GOD M B4, L EAELEREEMN GOD ¥
B CACH-GOD 5, M L A K, HRHLEN
TR THRE, ORERARKBK.

3 # #®

MRELEHEEEALBTULRRE RS E
HHASENEARES R, FERAE - (DEHEHR
KBEFK 2% ER, EREH . BENEMBLERE
na®,m AR RERLABERNRES, M1 000
U/kg MR & ME LB E LR B M 1 500
U/ kg B9 b 58 68 5 R 300 5 0 420 #0247, 1%
FEAXMHA 300 f 75; (D5 RE & E AR
A% {od: AL TR By Al A QR i
HRMEEE T E AR FERAERE 90 min
#1135 min B9 B, 7] BB 1E B X FH 18 1E SR AR
TEAZAHRKBEESR; Q) EEMRELER,
B3 P R b 45 4 , T A T L UK O A8 B
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GODH Bk B K 25%, BB R 0. 68, ZF F
ZHH M 0.54 1 GOD FE4 89 0.61. GOD H4%
B BB AR AU RE B B i AL R, T LB T M8
EEAPEANRE NERREXBRE - ETAR,
EEEZHYRANBRMEIMER —ERREET
BIBR .

$ % X W

1 Vemulapalli V, Miller K A, Hoseney R C. Glucose oxi-
dase in breadmaking systems[J]. Cereal Chemistry, 1998,
75: 439~442

2 Bonet A, Rosell C M, Caballero P A, et al. Glucose oxi-
dase effect on dough rheology and bread quality: A study
from macroscopic to molecular level[J]. Food Chemistry,
2006, 99: 408~415

3 Rakc;toza{y L, Mackova B, Delcros ], Effect of adding ex-
ogenous oxidative enzymes on the activity of three endoge~
nous oxidoreductases during mixing of wheat flour dough
[J]. Cereal Chemistry, 1999, 76; 213~218

4 Liu Q, Rauth A M, Wu X Y. Immobilization and bioac-
tivity of glucose oxidase in hydrogel microspheres formula-
ted by an emulsification-internal gelation-adsorption-poly-
electrolyte coating method [J]. International Journal of
Pharmaceutics, 2007, 339; 148~156

11

12

Ehab Tagieddin E, Amiji A. Enzyme immobilization in no-
vel alginate-chitosan core-shell microcapsules[]]. Biomate-
rials, 2004, 25; 1937~1945
Liu Q, Rauth A M, Wu X Y. Immobilization and bioac-
tivity of glucose oxidase in hydrogel microspheres formula-
ted by an emulsification-internal gelation-adsorption-poly-
electrolyte coating method[]J]. International Journal of
Pharmaceutics, 2007, 339: 148~156
B, THE, W68, 5. RERSERAH/ARE
R B b BB IR BRI, 2004, 25. 1 342~1 346
Scanion M G, Zghal M C. Bread properties and crumb
structure[ J]. Food Research International, 2001, 34; 841
~864
Caballero P A, Gémez M, Rosell C M. Improvement of
dough rheology, bread quality and bread shelf-life by en-
zymes combination [J]. Journal of Food Engineering,
2007, 81: 42~53
Rasiah I A, Sutton K H, Low F L, et al. Crosslinking of
wheat dough proteins by glucose oxidase and the resul-
ting effects on bread and croissants(J]. Food Chemistry,
2005, 89: 3256~332
Ameille V, Castello P, Garcia R, et al. Effects of glucose
oxidase or lipase addition on dough consistency and oxy-
gen consumption during mixing of unyeasted flour dough
[J]. Sciences des Aliments, 2000, 20; 441~455
Vemulapalli V, Hoseney R C. Glucose oxidase effects on
gluten and water solubles[J]. Cereal Chemistry, 1998,
75. 859~862

Improvement of Immobilized Glucose Oxidase on Quality of Wheat Flours Baking

Wang Xia', Zhu Kexue', Qian Haifeng', Zhou Huiming',Gu Yaoxing?

1(State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

2(Huaian Xinfeng Flour-making Limited Corporation, Huaian 223001, China)

ABSTRACT The effects of microencapsulated glucose oxidase embedded with sodium alginate-chitosan

(CACH-GOD) on farinograph, extensograms and baking quality of flour were studied with free glucose oxi-

dase as control. The results suggested that the catalytic rate of microencapsulated glucose oxidase was more

beneficial to bread quality improvement, which had good effects on farinograph and extensograms quality of

flour. The specific volume, height-width ratio and texture of breads containing microencapsulated glucose

oxidase were also better than the control of free enzyme.

Key words  glucose oxidase, microencapsulate, farinograph, extensograms, texture analysis
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