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Influence of Different Improvers on Germination Brown Rice-Wheat
Flour Dough Properties and Steamed Bread Quality

LI Yue', WANG Long', MIAO Rongxin', SUN Ying"", ZHU Xiuqing™"

(1.Tourism & Cuisine, College Harbin University of Commerce, Harbin 150028, China;
2.College of Food Engineering, Harbin University of Commerce, Harbin 150028, China)

Abstract: Different levels of hydroxypropyl methylcellulose (HPMC), xanthan gum (XG) and Glucose oxidase (GOX)
were applied to germination brown rice-wheat flour (1:1) to evaluate the effects of improvers on the dough properties and
Chinese steamed bread (CSB) quality. With no improver as control, thermo-mechanical and alveograph properties of
different dough were analyzed, and the overall quality of different steamed bread was evaluated by color, texture, specific
volume, height/diameter ratio and sensory score. The results showed that the addition of HPMC significantly (P<0.05)
decreased the dough development time, stability, C2 and CS. However, the addition of XG and GOX increased the dough
development time, stability and C2. The addition of different improvers might enhance the interaction between protein and
protein or starch molecules, thus strengthening the gluten network of the dough. In addition, the addition of improve
significantly (P<0.05) improved the springiness and sensory score of CSB. Therefore, proper addition of HPMC and XG
could improve the quality of germination brown rice-wheat flour steamed bread. This study provides a theoretical reference
for improving the quality of steamed bread and promoting the application of GBRF in Flour products systems.
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123k (Chinese steamed bread, CSB) 42 L) /]NAZ 1]
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AR - TR ZAXER (L) A RS 7] YDX-120 B
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e AR BRI S a s FH B FR S 7 o
1.2 SLWHE
1.2.1 GBRF Jiil4s BRWEIZFS% Xu 5019 1Y
Jrigtekit. BR FHZEB/KIETE =K, F7E 0.5% UG
BREMEE M I EE 15 min Ji A W8 B 28I /KIS ¥k o
£ 30 °C ¥ BR IZUIAE 2 mmol/L S fbE5 /KGR T
12 h &, HEZs B2 PR R L, I 20 A6 28 55
£ 30 °C Fl 85% FHXIVREE IR YR 5 h B E 2%
T RZF 24 ho KZFE, &K ZFREK (germinated brown
rice, GBR)TE 45 °C WA T 5P TR 7h )5, f#
FHZDHBERB ALK GBR BIFEE kY, J1-FH 80 H 7
AT 4385 o
1.2.2 GBRF-WF 123k iyl 4 GBRF-WF 123k 1y
4 =% Wu TR IF s, S35 30k [7-9] 2k
B 57 (4 S o 22 B 30, B S HPMIC (1%, 2%
3%. 4%) . XG(0.1%. 0.2%. 0.3%. 0.4%) Fl GOX
(0.01%. 0.02%. 0.03%. 0.04%) [} GBRF-WF & &
Br(1:1)100 g 5 60%. 35 °C IR IK; 10% B Bt
s 1.5% BOTEPE TR (LR A8 R BT IR G I
G EFREDCIEIS), oA e . DA E R R
GBRF-WF [ H %) BR2H, K454~ T ] 4320 =4~ 50+
0.5 g BYARE N, 7E 38 °C F 80% AAXIIBEF B 4514 F,
T BSR4 B & B 90 min A1 20 min, B )5k
T A ZEZEARAE 1 2E 20 min, ¥4 60 min J5HFF T,
1.2.3 #BLektEgEN (TR Glse 5 5l &
T EEIR & EAFINAFNA EEH Y GBRF-WF [ A1 #4
HLBR T BE . Mixolab2 ¥ & N ChopintiE)T, il
BATERIRE A 30 °C, PAIEATE] A 8 min, 2RI LA 4 °C/
min [ R R T 2= 90 °C. {RIERFIE] 2 8 min
J&, 1@ —4 °C/min B ERRR RS 50 °C, Wifk
HREEIE A 80 r/min, SLELEGHTE] 2 45 min.
1.2.4 mRyEFrHIL =35 GB/T 14614.4-2005 11
7 iAF PR A A TR AR R EE  wuREES
AN UERRR Y A shid s, P: 1w A 1E, Rk
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8 )24, LI GBRF-WF 183k REAR 9EF 738 24 35I|
JEHBE—NEE I /M. B 2 h e TRCE T
M, PESTRRUEANZE 1,
1.3 #HIELIE
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Fig.1 Effects of different amounts of improver on damaged
starch value of GBRF-WF mixed flour
1,2, 3, 4 Rl RFIYA K-

2.2 KRN GBRF-WF HE R M EERI 20T
2.2.1 EHIFRESW Wik R7F Y GBRF-WF [ A
WK 3 TR A T8 A 2 A 1Al 05 2 Frs . S5 X IR
ZHAR LR, @801 HPMC ., XG #1 0.01% GOX J&5, GBRF-
WF T8 AR KRN, WA 0.02% . 0.03% F11 0.04%
GOX Xz 7K 3 T0 B3 52, HPMC F1 XG k387K
JEAAR, T B S K I ARG iy v i ¥ 5 m o S T O
Z KA EAEA P, AR e B 7R X A a]
(development time, DT){H FY 52 IR ANF], JE AT GEJ2&
XEC RGPS T L5 T KRGt B sh 12,
ZSHN 4.0% HPMC 1.3 (P<0.05) K T GBRW [ i4]
i1 DT {E(A 5.29 min B 2.49 min), 1% 0.2%
0.3%. 0.4% Y XG F 0.03%. 0.04% ) GOX i &

%1 GBRE-WF &L EIEMNFE

Table 1 Sensory evaluation table of GBRF-WF Chinese steamed bread
iH IME(Y) bR
(3% BREHISEE A (10.1~1557), BRERFIRAII S (5.1~1053),
- 13 BRI A I Z(0~553)
s 20 FAGHT | 18 RBITE (16.1~2043), AR | SRR
- JERAMTHE (10.1~1653), ARFRERG5™ . R IHESFRE R (0~1047)
NERLEH 10 I TSI 5 L (7.1~1053), SALKOINE Y, BB (4.1~750), AL HR/ANAI 5 (0~457)
Fink 15 HRTERR G WABAY R ZREOR B (10.1~1553), FR TR R REOREBIR
(5.1~10%0), LA AR (0~553)
TP T RZRAOE 1 (16.1~2097 ), BT R AR T R (10.1~1653)
" 20 TR LR (0~103)
B 20 TR [E1 SR P e BB (16.1~2043 ), [AISHE AT I B0l (10.1~1653),

[I5¥55 |, B R EE 25 (0~1043)
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(P<0.05) 5 7 A A DT {8, RN HPMC AT
45 s i A oK -G El . F2oeE B TE] (stability time, ST)
AR AR, AR AT A ST (B4R, S EH
A B, B HPMC B S B T i 089 ST {E., ¥
0.4% XG BIFE & o 2 (P<0.05) 3T+ T 1 A1 A9 ST
{8, 0] XG 7]y 2% 11 AT T i, AT H2 T 1T A 56
BE | B AR B TR o

# 2 ARIMEAGHEXT GBRF-WF HER &
s eSS G|
Table 2  Effect of different amounts of improver on mixing test

parameters of GBRF-WF dough
BORFIFNZE B (%) WK (%) JEURE (min) #35E RHH] (min)

Control 0 62.52£0.02"  5.29+0.24° 7.54+0.19¢
1 67.81£0.02°  3.79+0.06° 5.82+0.14°

HPMC 2 71.01£0.02"  2.72+0.01° 3.91+0.16"
3 74.60£0.035  2.54+0.02° 3.15+0.13"

4 75.34+0.65"  2.49+0.17° 3.91+0.16°

0.1 62.79£1.04"¢  5.69+0.21° 7.58+0.28¢

<G 0.2 62.83£0.02"¢  7.47+0.95 7.86+0.05¢
0.3 63.13£0.23*  8.20+0.05¢ 8.00£0.45%

0.4 63.23£0.40¢  8.20+1.25¢ 8.42+0.01°

0.01 63.56+0.48"  5.55+0.22° 7.69+0.08¢

GOX 0.02 61.96+0.03"  5.74+0.11° 7.76+0.26°
0.03 61.90£0.35®  7.72+0.17¢ 8.02:0.48%

0.04 61.7240.03*  7.80+0.09° 7.96+0.08%

L [FFUA A FRERR 22 57 .35 (P<0.05) , $23~%K6[] o

222 JNIEEIH Mixolab2 £k B 58 —FrBe 3
B, GBRF-WF A A ) TE BRI AR AZ BITR A AT
FIRRH . C2. C3. C4 F1 C5 2WTFT R BL 7 X T 4
HUARPEGERZ I EEE S5 . C2 TR TRETY
FEAUE AN RN 7 TS 38000 T AR EE R O, th 3 3 nT
0, #shn XG il GOX Jiw, GBRF-WF T ## C2 {H )G
AR Ak, (HE I HPMC B9RE S C2 ik 2 B (P<
0.05) o WINASIE] ek K57 S 3 C3 A8k i 35 (P<
0.05), fiizF HPMC #slints 193N, GBRF-WF [ 4]

WIALIE(E C3 BRAIL, R T RES AR R IR A4 (A2 i)
TERHIURIA K BE FTREIR A L. - SR MRS AT )
MZ, C3 {EKEE GOXAN XG MIFSIn i hn, JuH 2
0.4% XG fis. SXTRELHARLL, B9 3% F11 4% HPMC
BT A C4 1 35 (P<0.05) FEAIK, {HE I XG il GOX
MITE A CA4 (22 R AR . CS &R AN ™A= ¥ de
AR, ARRVER 14 91 2 RE P, 2 R FIXT C5 (EAA AN
[FFI R0, 2% HPMC F1 0.3% XG BRI, 23l C5
{BLRRARG, 250H GBRF-WF T A 14 35 4k 38 5 FTRl i
B {H GOX MIINAT:3L C5 fEH N, vl -5 3 A Fn
A7 /A A S8 B8 ( Arabinoxylan, AX) 22 [a] B4R BAE
K. GOX il f &b f2 v g 3 AX B BE 19 A2 Al o
Ak, AX FREKRE 1 e R LG R A AR, aXsgm T
T A R By BRI A N ] A= A K2 E ER K B 43 AR R
CS fHFf% HPMC & &5 A I .35 (P<0.05) BEAIK,
TSI 0.2% FlI 0.4% XG BIFESL CS {HAH EL XS REZH
AH @A, 0.1%. 0.3% XG Fl GOX X} GBRF-WF {&
Sk CS (HEA BER

HAFER, NG (-a) . WL EE (B) | B
L () UL IR FE I (T~T,) , ¥J7E Mixolab2 58
SR, N 3 s . SXRRAAH LY, B HPMC
e T8 A -0 ({25 (P<0.05) FAR, MHE I XG Al GOX
FORE S -o (EC BEAN L . =Rk RIS pEIEICE
ERW . SXTREAR H, WS HPMC F GOX YT
yAEFEAL, W XG W mEH y I FE 25,
Moreira 2522 & ¥ HPMC K T 27809 v {fH. Liu
SEROE P HPMC R LI32 & T2y y (6. E ik,
HPMCXJ A [ JERHHIAE i Tad 2wl e HAT AR 4
RO . TERTIALLEIR X TR DE A S B A Y PR A
Fa) L BT Hb AN A 5 BT 35 e EE IR, [H I, 2% HPMC
Ml 0.2% XG 1] DIAE~ GBRF-WF 12 L i 2 K51 .
R A IS B 2GR W 35 (P<0.05) BRIK, 4%
i 2% [ HPMC Bt BB 4, 45 Sudha ZE2% 2 5 (U F
FELESAHIA, BN 1% 19 HPMC [RAIK T 422 1 A il i

3 AFER AN GBRF-WF T AN A S8 520

Table 3  Effect of different amounts of improver on parameters of GBRF-WF dough during complete tests

IR RN (%) C2(Nm)  C3(Nm)  C4(Nm)  C5(Nm)  CS(Nm) -a(Nm/min)  A(Nm/min)  y(Nm/min) Ty~T,
Control 0 0.28+0.01¢ 1.37+0.01°¢ 0.35+0.01™ 0.42+0.01>%* 1.03£0.01¢ 0.093+0.001™ 0.273+0.013" 0.138+0.004%" 56.1°~74.6°
1 0.23+0.01° 1.310.01° 0.34+£0.01™ 0.41+0.01°¢ 0.90+0.01° 0.083+0.001° 0.293+0.021® 0.130+0.010™% 55.4*°~73.9*
2 0.19£0.01° 1.18+0.02° 0.27+0.01° 0.36+0.01°  0.79+0.02° 0.060+0.002° 0.286+0.018® 0.109+0.005¢ 56.3°~73.4°
HPMC 3 0.15+0.01* 1.06+0.01* 0.19+0.01* 0.27+0.01*°  0.72+0.02* 0.060+0.001* 0.298+0.016™ 0.101+0.001™  56.2°~72.4°
4 0.14£0.01* 1.15+0.01° 0.17+0.01°  0.23£0.03* 0.81£0.01° 0.054+£0.002° 0.288+0.036® 0.111+0.003*¢ 56.1%*~73.1°
0.1 0.28+0.01¢ 1.444+0.01% 0.35£0.01% 0.44+0.02°° 1.06£0.06* 0.096+0.006> 0.288+0.036® 0.138+0.004% 56.2°~73.8"
0.2 0.30£0.02¢  1.49+0.02° 0.32+0.05* 0.41£0.03*¢ 1.12+0.02° 0.099+0.023* 0.299+0.017® 0.135+0.001°%" 56.4°~73.7>
Xa 0.3 0.30£0.01¢  1.47+0.01° 0.3420.02* 0.40+0.01% 1.09£0.04%* 0.093+0.007* 0.260+0.004*  0.148+0.006°"  56.3°~74.4°
0.4 0.30£0.01¢  1.54+0.02° 0.37+0.02° 0.44+0.04°* 1.13+0.04° 0.108+0.012° 0.302+£0.040®  0.160+0.006" 55.9%~73.9*
0.01 0.28+0.03¢ 1.48+0.05° 0.35+0.10* 0.48+0.07° 1.05+0.02¢ 0.095+0.005* 0.323+0.003° 0.112+0.036™¢ 56.1%~73.9*
0.02 0.28+0.01¢ 1.4440.02* 0.34+£0.01* 0.48+0.01% 1.08+0.03% 0.099+0.001* 0.279+£0.011®® 0.107+0.003** 55.3°~73.5°
Gox 0.03 0.31£0.03¢ 1.45+0.13% 0.41£0.01°  0.56+0.02° 1.10£0.04%* 0.099+0.005* 0.3007+0.005® 0.093+0.011*  55.4°~73.5°
0.04 0.28+£0.01¢ 1.48+0.01° 0.39+0.02° 0.58+0.01" 1.07+£0.01% 0.102+0.004* 0.332+0.006°  0.103+0.005® 55.7°*~74.5°

H: C2HHEHABBEAAMR) | C3(GTEMmBMR)

PR | To~T, R VIR

, CACWIME IR EME) . CSCSTERM ILEARZE) . CS(8MBIHREEE) | -a (LIRS . BOMITLIRSR), y(Tilf



- 226 - £ Tl B4

2023 4F 12 A

ZOWMIRRE o IR AR T BB PR A i R 571
AR A2E W53 DA S EHBEVERY . SCRE GE R T R
31 =2 ] i — S AR AR S50
2.3 KRN GBRF-WF EEME4F RIS
hNek B0 GBRF-WF 1 1A iR fudse 255
e 4 P, A A (P) FH T A v A i AR
{5356 J10Y, [ HPMC Fl XG 35 b & 9 59
P {EIE K, H XG @A 0.4% B 520 B K, 7] BE A4 J5
K& GBRF-WF [P H %) S5 K B FN R 1 T =22 18] 1)
M AR R . 55 A H, GOX B ER Il
P {E A /), H 24 GOX & & N 0.03% i, 1w H
P 1A 3 (P<0.05) BEMIL. [AIFE, 3%. 4% HPMC [91H
FASERPE (L) 235 (P<0.05) $m, (B B 2H A=A ek
B 55 ALh BER P4 T ] =22 TR AT 3 25 57 o v IO T A
FMLRS 1 (WOE— = T 16081, S5XF R4 AH EL, 5%
T 1% i HPMC FIE I GOX BIHE &, HoAth s 56A¢
MW AEI WA, P/L FLERTT LTI [ A Y s
BH 1 5 %k e 22 (8] (4 74, 2 K AR B 4=
P/L kb, K5 1% HPMC F1 0.1% XG BIRES 2Z 4, E5hn
SRS GBRF-WFHIFI P/L AHAA 3 (P<0.05)
S, RERIDRE, 24 XG BIIEN 0.2%. 0.3% F1 0.4%
i, P/L HE 3R 35 (P<0.05) 340, Al GE= K8 XG Fi
GBRF-WF [ #3 H 4 B 1 0T =2 (0] 09 A8 B A FH B 5 o
X R4 AH b, GOX YR ik 3 (P<0.05) BEAR T
P/L He, (BZN 0.01% GOX FURE MRS . 45 R BoR,
HPMC. XG Fll GOX FJ Ll ik 22 FhL il i 35 1T 141
BT, BN 0.3% XG Xt a7 ] R i 45 PR FH AR B at o
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Table 4 Effects of different amounts of improver on
alveograph characteristics of GBRF-WF dough
R A
g (%)
Control 0

P(mm) L(mm) W(x10717) P/L

145.00£1.00°  25.00+1.00® 167.00£1.00° 5.80+0.10°
1 144.00£1.00°  24.67+0.58"™ 161.00+£5.20° 5.78+0.04°
2 155.33£1.15° 26.00+1.00™ 179.33+1.15¢ 5.97+0.05%
3 166.00+1.73¢
4

HPMC g ¢ o
30.00£1.00°  207.67+2.08" 6.000.02
173.33£0.58"  29.00+2.00% 217.00+1.73" 5.99+0.02%
0.1  146.00£1.73° 27.67+0.58"¢ 180.00+3.46" 5.30+0.05%
0.2 161.00£1.00° 26.00£2.00™ 186.00+2.00° 6.20+0.01¢
Xa 0.3 162.00+£2.00° 25.00+2.00® 181.00+2.00° 6.48+0.10°
0.4  179.67£2.318 26.00£1.00™ 212.00+2.00% 6.96=0.04"
0.01 142.00£2.00® 24.00+£1.00° 157.00£1.00° 5.92+0.08°
0.02  143.00+3.00° 26.00+1.00™ 167.33+2.31¢ 5.47+0.05°
GOX

0.03  139.33x1.15* 27.00+1.00™¢ 168.00+1.73° 5.16+0.05"
0.04 143.00£1.73® 27.00£1.00" 170.33+£0.58° 5.31+0.03"

2.4 KRFI% GBRF-WF {835 RAVEN

2.4.1 JFKFRE  BRAEIEMT GBRF-WF 183k 5
MEZEEMZ —, £ 5512 7R FIXT GBRF-WF
1 S S M 2 0 (RS | s | MR R PN SRR ) 1 5
M BN RS, AHELXT RELH (76.27 N, SEEGLH g

FERCAAR T R, JUHUE 2%HPMC(32.28N)Fl1 0.2% XG
(34.68N) LA, FZBH 2 R FIXT GBRF-WF 183k B
HEAEH . Zhang 5552 [RIFE & B, BRI GOX FEAIK
T CSB WY, i ] G 5 KL AU Eshnesk 1 T A
ML A . SXTRRAAH L, 5250409 GBRF-WF 12
SLRPEEAT TR, SN 4% HPMC . 0.3% #1 0.4%
XG. 0.03 Fll 0.04% GOX J&, FEAS MM A R, "H
WE3 R B A B SRS I 60, S BRSNS B i s
e E 1% F 2% HPMC UREASTH I B HefiG . PSR
PEAT DL RGBT N FREEAARH T T, NSRRI S e
TR AR, RNt E XS W E T
B3, S5 REARE AL (0.5 1) AH b, SIZIG LA i P SR M3
AR (FEEIA 0.52~0.60), FEHAES NS B35 18 sk
o i BT T SRR BT .

%5 AFBRAEINEXT GBRF-WF 183k 5ty
SRS
Table 5 Effects of different amounts of improver on texture
parameters of GBRF-WF steamed bread

PR BN . }
T I mmmon e MBIEOD A
o<
Control 0 76271297 6.14+0.30° 223.23+5.71¢  0.51+0.02°
1 44.81+1.84™ 6.82+0.85" 131.3349.51° 0.54+0.04™
HPMC 2 32.2843.57" 7.15+1.13* 127.57+1.32* 0.52+0.01®
3 44.9243.06™ 6.10£0.28" 190.00+3.80*¢ 0.560.01%
4 49.5042.01% 5.69+0.12° 191.63+4.50%¢ 0.57:0.01°¢
0.1  49.08+3.08% 6.67+0.99" 189.47+4.20™ 0.53+0.01®
XG 0.2 34.68£1.38" 7.10£0.42° 145.1742.55" 0.55+0.01°¢
0.3 53.62+1.30°° 6.04+£0.46" 160.03£5.84™ 0.55+0.01°¢
0.4  56.53+£3.97% 5.724+0.55* 208.77+2.93% 0.57:+0.04"
0.01 56.68£1.01% 6.45£0.34" 184.23£9.51%¢ 0.5620.02%
GOX 0.02  39.72+£3.72" 6.94£0.42" 155.17+£5.47°  0.60+0.03°
0.03  58.09£2.59% 5.88+0.24" 200.07+6.14**  0.60+0.02°
0.04  59.24+2.37° 5.71x0.20° 217.13£7.10° 0.59+0.02%
2.42 GBRF-WF 12 3 5 B4 #r @i el B 571 X

GBRF-WF 183k i S8 (75 . mifs bh . i sk
BT FEIANE 6 TR . GBRF-WF 183k 9 Lh 2%
B AN LE 48 0 2% HPMC Fl 0.2% XG i} i 3% (P<
0.05)I K, FRHA(2.53 ml/g) B X REFE LAY 1.17
1%, IXWIESE T EI 2% HPMC F 0.2% XG i#id 5
THAY 5 BB GE M 43 Z TR AH BAE T e fa
WA, X IEZEAN 0.04% GOX HIRESHAN, REHRE
Al R AR FE T 0.5, SRR S S ERIE . 2%
HPMC(0.64) FUFE fE 4% Fute o, X HEZH AOFE St/
0.40, AHSEWFFTER, LEBIN AL AEER)
R E BSOS SN HPMC 2.3 (P<0.05) i3
T GBRF-WF 123k LYE, T XG 1 GOX & Xt
LB A W5, RGN HPMC n] LA3E = CSB
FY & AR B | Mezaize 2509 G 15 2 AHEDW A . A
[F ek B35 GBRF-WF 182k 8B 150y 45 g 3
(P<0.05) FZ Wi, 5 AU in ek B 750 a2 S5 A0 Ee, v n
HPMC, XG B¢ GOX ] DL sk #5102 3k B Jd v, M
T AT B iy AT 2% 3 T 32 M 00 8K, R & 2%
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Table 6 Effect of food additive on quality of GBRF-WF steamed bread

[USSAITIIES N (%) %5 (mL/g) L L a b BE(5)
Control 0 2.16+0.05° 0.40+0.02° 69.8120.55" 1.9320.15>¢ 22.86+0.71°% 76.39+0.12°

1 2.4120.06™ 0.59+0.01° 75.52+0.39° 1.29+0.08" 20.32+0.33" 84.10+£0.30%

2 2.53+0.12° 0.6420.02° 75.24+0.13¢ 1.83+0.08% 22.94+0.42°% 85.1120.63°

HPMC ab cde d abc bed cde

3 2.40+0.11 0.56+0.02 74.93+2.01 1.77+0.35 22.50+0.94 83.22+0.54

4 2.394+0.12% 0.5240.02%¢ 75.31+1.04¢ 1.53£0.07 21.01+0.20 81.43+1.20°

0.1 2.4340.18% 0.57+0.03% 72.36+0.72¢ 1.85+0.17% 21.58+0.51% 83.46+0.49%

0.2 2.52+0.14° 0.60+0.02° 67.45+0.72° 3.01+0.90° 24.89+0.50° 84.93+0.55°

X6 0.3 2.304£0.09% 0.53+0.02 70.34+0.64" 2.55+0.16 23.81+0.36% 82.27+0.76

0.4 2.20£0.03% 0.51£0.03" 68.93+0.69" 2.75+0.58" 22.98+1.99° 79.39+1.10°

0.01 2.42+0.19% 0.54+0.02° 71.45+1.16™ 2.19+0.26°* 23.5240.77°% 83.05+0.90°%

0.02 2.49+0.14% 0.59+0.03¢ 69.32+0.59 2.17£0.11°% 23.18+0.49° 84.88+0.51°

Gox 0.03 2.3440.02 0.51+0.02% 71.16+1.82% 2.50+0.30%" 23.77+0.47% 81.26+1.30°
0.04 2.28+0.02% 0.47+0.03° 72.29+0.72¢ 1.99+0.15¢ 23.37+0.31°% 78.68+1.21°

HPMC F1 0.2% XG (1) GBRF-WF {83 25 5 gy 11(2):220.

YPeH T o AH S BRI S i B, EE A BT
TR, PRS2 AN R A GBRF-WF 18 S8 E
B
3 g

WFFE R BT, M R 50 A4 2E AU G i X GBRF-
WF Ta] 145 Fil GBRF-WF 182 S /i i 5% i) i 35 (P<
0.05) . EXRFFI(HPMC. XG Fl GOX) MU A =i
3 1 GBRF-WF TH A BT 2% . s hnde B 570 AT 2
% (P<0.05) BX3% GBRF-WF ai B 14 #R AL M 6E
HPMC. XG Fl GOX W] DAi# izt Z2 R L i) 2o 55 1 AT s
3T, 0.3% XG XJ Tl AW AR A RO By LAk,
GBRF-WF 183k it it Z 8048 1R W, B B9 s,
TS LUAARRR | BT 24, BRSBTS 2 T
W%, L5558 GBRF-WF [ A WL RE . ik
WOREME: | B BE M E T GBRF-WF 123K i i, HPMC
1 XG BRI T 4L 8T GBRF-WF 183k HA R
LR, [ BTt 3R W GBRF #3553 WF il fE
MBS AFAERSAE M T RetE, {5 WF Fil GBRF (195 f3:id
A FRrgE— Y.
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