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KA, ERABARLE, R 30% FLRIFEE. 9% Bk, B A 40% # AT R RAKREL > Fom A K,
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Preparation of Low Glycemic Index Multigrain Steamed Bun

ZHANG Sanshan, YU Mengling, LEI Ji*, ZHANG Qiao, LI Xian, HE Yujie

(School of Food and Bioengineering, Xihua University, Chengdu 610039, China)

Abstract: Objective: Aiming at the high incidence of chronic diseases such as obesity and diabetes, a kind of multigrain
steamed bun with low glycemic index (GI) was prepared. Methods: Considering the factors of reducing GI, the whole wheat
flour and buckwheat flour were used as the main raw materials, combined with pomelo, whole chia seeds, inulin, as well as
the starch retrogradation treatment to make multigrain steamed bun. GI value, sensory evaluation, texture properties and
resistant starch (RS) were taken as evaluation indexes. Results: The best method for processing low GI steamed bun was as
follows: Taking whole wheat flour and buckwheat flour with the ratio of 7:3 as steamed bun mixed flour, 30% whole chia
seeds and 9% inulin were added into the mixture, 40% pomelo was used to replace part of the dough water, and refrigerated
the steamed bun at 4 °C for 24 h. The multigrain steamed bun prepared under this condition had a regular shape, smooth and
shiny surface with good chewiness, with a resistant starch content of 1.61% and a sensory score of 85.30. The GI value was
53.98, which was 38.9% lower than that of the traditional steamed bun, and met the requirements of low GI food.
Conclusion: This process could not only greatly reduce the GI value of steamed bun, but also ensure good taste of the
product, which could provide a reference for the development of low GI foods.

Key words: multigrain steamed bun; low glycemic index; buckwheat flour; pomelo pulp; chia seeds; in vitro digestibility;

ratio of raw materials; starch retrogradation
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FESA 2 1) PN IMUBE R 285 7K -5 B FH A XS4 5 i AT 2 0
BY A TS | A IR N 25K S LA™, ARYE GI 1A
FIAS ], BI85 M GI(GI>70) | H GI(55~70) Fl
ik GI(GI<55)P, WFERM, KW AR GI Xt
TR MR L BRSO ML BEE . PR . Pom in
S EEAEY,
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FEE T E NGB LAY (R 9%~11%)" . &
FA B350 11.76%~16.13%) . FitEiERs (5 A3E
MITELY 7.5%~35% )1 FEEH#(13.66~19.57 mg/g)t'"
SEY T, YIREREAR GIV, Frief iRl AR R b A
BE4£14iE(400 mg/100 g) . FE A (700 mg/100 g) | 2
JBE s 2 | AP EE RSy, AT LR OB AR, 2730
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TiRkZE A BRSNS 7l Bl L EF(9032-08-0) i L7y,
100 000 U/mL, b5t {2t BB A= Wy F AR A B2 75 R
fiti (8049-47-6) 8xU.S.P., Sigma 2\ #l; B & M i
(9001-75-6) (1: 10000) . 7= i -TE 3 FifF (9001-19-8)
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3 A R Fl s TA-XT2i BB A Y 3% [E Stable
Micro System A5 FRAF]
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— B I — R — 1775 — H AR HI— b .
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(37 °C)5 0.8% MIBEFRHESINAJRA i, £ 22 i 4]
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ZE I WhKFE ] 20 min, U ARG EHI
1.2.2 SZEG4r4H XFREAH. DAEsmBy A EORHE 1.2.1
VMR Sk, i8S B E N GI.
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HERAE T —ZH e PR A5 B RIS, #¢ 1.2.1 5%
PEHIERE k.

AEFRZE A B IR B ISR A Ee 451 (0. 10%.
20%. 30%. 40%. 50%) B AZ By 4H h il 4= 22 857,
Pz 1.2.1 HIVEME L, 2L GI FURE PS5 bR bR
U, FHEVES G LA . A SR AR C R [R]D , #RIE i i
FEAZRHA A

AbFRZH B: 76 A AR SE4ET, B 0L 10%.
20%- 30%. 40%. 50% (LIFEZE 3 FN 422 1y 14 T i
S 100% T, R IAD) re s A 2R P A G 43 R FH
K CLIAM TP B & K BN 89% T, 43 il AR K
M 15%. 28%. 39%. 48%. 56%), % 1.2.1 #l{E1&8
Sk, #RIT B AR I BN &

AbFRZH C: 7E B A 454 R, % 0. 15%.
20%. 25%. 30%. 35% ¥ 5E4E A7 Wk Uk F JFURHE
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1.2.1 HIVEIR Sk, PRI IAE I

AbFEZ E: 7 D MRS T, B8k F 4 «C
Bt 0. 12, 24, 36. 48, 60 h, Il E 18 3k I HLIEETE RS
TS GIUE, 456 BCE 908 B8 H a1 4= 4b 31
Ho 1] o
1.2.3 MIEFSHR
1.2.3.1 B34 GUENE  SralEcH] 1 g/L ik
Fif Y F0OBE AL Bl W, % 1:3 B0 bE 85 0> (3000 1/min.,
10 min) H VR A W . BGE B2 SR8 5, BT
pH 5.2 MEETRERZE vhg b, BCi ST 530k 2% 11
18 SR SRR (T8 SL 25 I H1 1 h JEil), AL
B A FE B A0 5T PR TRR, TN 3 mL IR A
W, 7 37 C KBS NI I, TRV G109 0.
10, 20, 30, 60, 90, 120, 180 min 43#IHUE 0.20 mL,
5 4 mL Jo/K S BEIR A B0 (3000 r/min., 20 min) J5
B WS, 3 mL ZRIR /K BRI DTTE, B0 601 Bl
W, IRST S S

B 2 mL _FW5# S 1.5 mL DNS &5 Tk is
F 2N 7 min, WHIEERE 25 mL, M ODsyg o
", H Origin 2021 #4115 H 0~180 min fY3E
FHARSNMEAL LR B L (AUC), #2285 =03 i
Wy fEFE R (hydrolysis index, HI) ANTHEM ifi b A= il dg
¥ (expected glycemic index, eGI, T CfaifFR G,
AUCj;,

x 100
AUC 0

UNEECIROE

OO A4 A= 45 $(eGT) = 39.71 +0.549HI

A AUC 5 - 182 AL 0~180 min FYFER)
PR AN A i 26 R 19 THNFR 3 AUC 49 7 725 1 THT 2
0~180 min MYTERMAYMNELINZ T T,
1.2.3.2 BBETPY U8 10 A TP SRS TFAN
/INGH, Z IR GB/T 35991-2018 CHELTIAG I /N2 p3iE sk
IS BPEA YHEATHT 43, W43 100 45, A9 50 T
90 43 A, 80~90 43y R, fIk T 80 /A 43Z
PEOMPRUEDLEE 1.
1.2.3.3 HEMzE SR EZFEPY, RS
5, MR S AR, 42 R 2T LR

1=y
m

o A A, mL/g; V
Bk )T R, g0
1.2.3.4 JFOAEREME Sk H RS 1 h S,
A 25 mm, Yl EA_L 34T TPA M, #6550
A ZIRIGBOFYIE . S8 E: -85 P/36 R,
FRL v 30 mm, WECET . B AR E S 2.0,
1.0, 1.0 mm/s, filt 280 JT 5 g, R4 Lk 55%, PIIKE
ZaitalfalpE S s
1.2.3.5 RS il (TSA %) RS SAEDUPETER &
BRSSP 1) TSA EVHTINE, 4558 UdTiE
VER B ED N SER S R E A b
1.3 IR

BRIV ES 10 IRk, Hpdsbr @l Z 0 3 1K,
Ba DA BEEPRUEZE SRR, SR SPSS 17.0 X454 [H]
2 H b RSR H LSD #i46, P<0.05 22538 4l
B, 455 R ] Origin 2021 4427 .
2 BERESHH
2.1 2FIELELRIELMLLR

AR 2 FiN, Bohky GI1H 1 (75.42+0.33), Mi4:
F By GI K (45.33+£0.23), X2 K 4= kb it/
2 WREE 5 Ry R T E R AR 4 . B A AN
A G RER 2 Hp RS S A 4K K S 2
B T A, DA T 0 A K ARG T AR, BEAIR
GIP B {5431 [0 AT IR LS80 P9 46515 T A ks f
22, BH - 5 0 A 422 flnk, o 0 0 T b 33 RS RAEATR
Pradeep 5% (W IF 58 2 HH , F P Wy JE A& 4 BE D il
o~ EPHE R RS, VSR TE A 43 R, W R TE R K
fif s DA W AFAERRAIR T 4222 9300 Gl AR 3¢
BePE A A M R EORE, AR S 1 GI fE.

2% 3 Won, 5k thir, AL G
I BRI (P<0.05), iIX A fg 5 &2 M b G 47 4k
RN Z W N 5A G 228 L B E PP AR
TR AL SRR Z R AR . SIS R WO A
Sk GI{EN 81.72, i T4A228 0, BRI &2
Ay, A AR e i R 28 R RS R AR T UK

e S AARFR, mL; m Ry

1 ABKEE R TR

Table 1 Scoring standard of sensory quality of steamed bun
TR AR W bRiE

L7 (2043) AR TEAFT2.8 mL/gfRili /32045 WA/ TEAF T 1.8k A3 553 [LAFTE2.8~1.8 2 ], & T FE0.1411.553

FEwmLL(543) Fiws /N T EEE T 14018 55 43 553 KT 1,605 558530435 7E1.40~1.602 [] BEHIIN0.054111 53

BPE(104)) T SR 8~1053; T4 I M 3Pk 55 6~ 743 s T8 Hie HaAS Iml L s PRI k4~ 543
FRIAEFE(1053) JEEEPERF8~104); FiE6~T53 5 JKIE4~553
KL (1053) RIDGHS~1057; 44 . JG A B ZDE4~75>
ERLER (2043) LA 5T18~2073 ’%?LQH%)H%ZI?’J’J %T’lta“:"]ﬁf\@l%l 761‘(5%%'%‘2@[2@67‘%@%,?[11%); SALFEAYY S, 0 TN, A

FHZ, ST WARE 10~1243; KL S s AR 5~9 43
BItE(1043) WS 8~1053 3 WA —JBe6~T43s e 22, VI fstids ONH GG 4~57)
Fhitk(1043) FIAFF 8~1043; FERh6~743; AT, AREEF: 4~5)

BIR(5)
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Table 2 GI value of raw powder

Jkek GI
G 75.42+0.33
£y 45.33+0.23"

TE: aR/R 2 MG B3R MIAR H 22 5 835 (P<0.05)

#3 Tk 5eFELN G 5SEREITFS
Table 3  GI and sensory quality between ordinary steamed bun
and whole-wheat steamed bun

ZH 5 GI BTG (4))
ek 88.29+0.21 96.27+1.12
EHE 81.72+0.21° 88.93+0.35"

TE:a, AP BIFIR 2 K GLL B2 5 8 18 Sk A e 22 e 3 (P<
0.05)

fi# . WAL THE S8 G {EAE K, Miao ZEP7 X i
I R ORGERT HEA TFIE 3R BHTE MY B4 T f 38 38 [ R 16
JETF IR, Se A TER I TE A R W 2 e AR
VEMY A TH AL B 5 S8 A TE A0y, JHETH A8 5 AR .
WA L SE SR I TEA IR
2.2 FERNFELAF
221 FEEGFINXIER S GI (USEM 5358 18 Sk A
Ll 422183k GI B EARIFEAR, 14508 G &2, K
B — 2R IRE Sk GLE. mERHINAFER, 45
SRUnER 4 o, BEEFEAZ S ina g n, 12k iy HI
5 GI BRI/ N EEaE, MEEFIINECA 50% B,
3 GL&AK, 7 74.17. XA REZE H T3 0AE
E AN o187 28T BT TR ) Vi 1, DA T BARAER T T A9 7K S
JERS R FEZE b 2 S BT TE Ry B PR R,
{34214 HI F1 GT (B R

F4 FEEUMXTE L HI A G ¥ 50m

Table 4 Effects of buckwheat on HI and GI value
of steamed bun

FEAZ RN (%) HI Gl
0 76.52+0.39¢ 81.72+0.21¢
10 72.48+0.32¢ 79.50+0.17¢
20 68.86+0.43¢ 77.52+0.24¢
30 65.12+0.41° 75.46+0.22°
40 62.87+0.45° 74.23+0.25°
50 62.76+0.29° 74.17+0.16°

: WS IR A O Xof 17 1) S 42 2208 ks R [a)/ING R R [F 50 B 22 57
#(P<0.05); F&5~F12[H,

222 FEZBIINZESLBCE SR SE . HER S
TN, 2 S5 22 B s 2 p 3, 18 Sk B8R SR T
. Ebasys )N . R S AR R, AR R 2
By FE . B E I SRS TR, TiFE 2 bk
ZEEERE A, FEE T NESEA(11%~21%) . I E
FIANERER 195 (BB 1Y 40%~62%) I ERME 2=, TG
T, ARMEIS NS BRI it i 2544, S8R G
TN T 3R B, Sk 1 JBORBE 20, Yy
40% B, 183 s B, IR E IT-5HIKRT 80 43, Joikis:

52, X5 BB BB FREA R AL LRk 4 FIk 5
AL RIS 30% FIFEART U A .
RS IRk IEE F B R0

Table 5 Effects of buckwheat on sensory and texture of
steamed bun

TR i3 ) Hs (L) T
(%) R (g) B NI
0 88.93+0.35° 2.30+£0.08° 5575.76£9.86" 0.77+0.01° 2865.90+13.99*
10 86.77+0.42¢  2.09+0.03¢ 5981.40+15.85" 0.79+0.02%°2965.67+11.36"
20 83.90+1.42° 2.01+0.08 6562.78+18.17° 0.82+0.05>3165.46+16.82¢
30 81.8742.11° 1.92+0.06° 7331.66+16.29¢ 0.82+0.02% 3450.29+14.10¢
40 71.43£1.15° 1.57+0.03" 8817.13+14.64° 0.86+0.01°¢ 4229.84+1.38°
50 61.33+£0.55"  1.354£0.09° 10083.94+16.6870.80+0.02®° 5150.86+17.36"

23 HFRMATIELRIFN

2.3.1 MiFEHmMXTEsk GI fRZm R AL B2
L GL{E R 75.46, RIXFUMIL GI & &t AR AE, T L3
— L HGHEC Ty, PR AR S K R . 455N
22 6 i, BRI TR A T i RRARE Sk HI 5
GIH, 4% n& -l 40% B, #8359 HI 5 GI %A%,
GI{E b 75.46 [ & 67.59(P<0.05), Hh GI &%,
XA g Sl RS Y) . WSS G YE o-
AR BRI AN S R LT 4RSS BA P, E4b
W HLIE KT Ak T A B AL P, 20% B AN
AT 5 T AL AT T B Y G E 2 B AIS (5 51 A
66.06 Fll 62.41 [ ZE 62.97 Fll 58.20) 0, 5 AR S55 4%
R,

F 6  MTEnx Sk HI A GI H520
Table 6 Effects of pomelo on HI and GI value of steamed bun

THFIRINE (%) HI GI
0 65.12+0.41" 75.46+0.22"
10 61.25+0.25¢ 73.33+0.14°
20 58.02:0.33¢ 71.56+0.18¢
30 52.60+0.29¢ 68.59+0.16°
40 50.79+0.20° 67.59+0.11°
50 51.36+0.25° 67.90+0.20°

2.3.2 AT EINA RS ECE MBI R I a7
Al AR 50% Y RN 2R A ] ik 2 (P<0.05)
REARAE Sk e FINELER A, 18 Sk Bt A8 4R . YAl 73
INEER 40% B, 182 8B PP, SN IR R 7~
T AR A RS SHESINEE Y 50% B, FEAS /)N | R

RTINS KB E BT ) R
Table 7 Effects of pomelo on sensory and texture
of steamed bun

BT i i (49 b (L) —— T :
(%) TR (g) Pk N

0 81.8742.11°  1.92+0.06° 7331.66+16.29° 0.82+0.02° 3450.29+14.10°

10 82.67+1.04™ 1.86+0.01° 6971.44+21.27%0.80+0.06™ 3150.83+16.50¢

20 84.43+0.51> 1.8240.03° 6450.95+20.81° 0.82+0.06° 2769.16+10.91°

30 86.90+0.95%  1.8440.07° 5868.91+18.63"0.77+0.07% 2761.33+17.28°

40 88.70+0.50°  1.87+0.08" 5655.07+16.08* 0.79+0.07® 2613.27+8.35°

50 85.17£0.95%  1.59+0.07° 5672.08+24.15* 0.70£0.01" 2460.55+24.28"
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B RE, X AT RESE TR Sk N RS AR 25 | Be= g

P, TR SR N, %P1 Sk i T R a2 e e A A T

mi, PRI 40% pUAH T, HLETARER T 48% BRI
JHK .

24 FIFFRMATIELAIFN

2.4.1 FHGINATIESL GI pisgm b 8 Al G H,
W =5 A7 WA S a3, 123k HI 5 GI B 3E
IR (P<0.05), i 2R A 27 W AFAB 7K 7= A= O B R 218 i

T A AN B, Yali /DS 9 AR K A il 22 18] A AR A A T

B2 Sk IV E T RR T, A7 AT i 2 A A s

ST BRI AN ] T REA A AE Y, DITTRAAIR T8k

FYJ HI A1 GI. Zhu %5 7218 Sk vp s i 30% & AT,
181 GI IR, SASSEI s s AR L.

8 FHWAFASINXTIE L HI F GI R
Table 8 Effects of chia seeds on HI and GI value of steamed

bun
AWRFR N (%) HI GI
0 50.79+0.20" 67.59+0.11°
15 47.40+0.24° 65.73+0.13¢
20 43.36+0.25 63.51+0.14¢
25 40.30+0.37° 61.83+0.20¢
30 38.43+0.20° 60.81+0.11°
35 35.69+0.37 59.30+0.20°

2.4.2 FWAFEINNIE LB E FIBTA 152 Nk 9
JT7R, B2 27 MV FFAS I 3, 18 Sk iR PR
FEZ5 55 e o, R FNEL A . SR T AT IE
HFREAR T 12 S 3R Tl TV BE, (o B b A KRS s 24N
H2N 35% B, —LBFTBR Al an 22 1y A5 45 A NH VB A
HRgl R St (AR S SR T AN 2 A AT Y
W25 A R RS, L2 PR GE R X 265 4544,
S APC T AT 4G RE 0, AR08 Sk o b AR A5 B 08, i
LA WEE N . SR A TERR, BERE 30% MUAT AT
Wi, AT S GI &)

RO BTLKFAS XS I8 K S B R BAL) (14 52 el
Table 9 Effects of chia seeds on sensory and texture of
steamed bun

KRR o4 ) W (L) ——— e

Tk (%) B (g) i WL
0 88.70+0.50¢ 1.87+0.08° 5655.07+16.08" 0.79+0.07° 2613.27+8.35"
15 88.13+0.25° 1.75+0.02° 6107.52+8.69" 0.76+0.01° 2853.79+7.07°
20 87.67+0.31° 1.7240.02° 9364.02+8.14° 0.70+0.01° 3354.25+13.57°
25 86.00+0.44° 1.64+0.04° 10915.58+16.09¢ 0.70+0.06° 3509.81+6.67¢
30 85.33+£0.74° 1.52+0.03" 13203.82+9.12° 0.67+0.05"3678.93+10.83¢
35 78.9740.35°  1.25+0.05" 14816.61+10.88" 0.56+0.13" 3813.83+7.96"

2.5 FMNRINATESKHIRNT

2.5.1 ZBymshnsrigsk Gl pysgmn  mrEskrbhn A%y
s LU — R GT, 455 an 38 10 s, W25
B n, 123k n HI 5 GI BRI (P<0.05) .
XA BESER 2 A S — RS G B AT 4, MELABETH
AL, LERIAR S A — 2 BOBERSFEPE, nT LA 34

A ZR 1A 28 A BELAH TV ARt 5 e ook, MR AEC AT
BRSSP G R EURTY KAk
N LA AT A vt 2 I A S R A I e B S
% GI fB.

F 10 FHHIESL 1A GI 52N
Table 10  Effects of inulin on HI and GI value of steamed bun

BRI (%) HI GI
0 38.43+0.20¢ 60.81+0.11¢
3 34.47+0.29¢ 58.63+0.16¢
6 31.25+0.12¢ 56.86+0.07¢
9 29.38+0.20° 55.84+0.11°
12 30.16+0.22° 56.27+0.12°
15 29.38+0.25° 55.84+0.14°

2.5.2 BRI B BE PSR REI anER 11
PR, BEE 28 BN I 1 R, 18 S B E P 5 A 2
PRSI 5 R a3, 8 B AR b3 AH S . 9% LA
P2 BN I 2 s TSk B E FIUSEAY, B35 T L
25, X S AT S AT 4Enm R M A B 2 ER
iR 9% B, BYE VP A . LB RO R EAIR,
18IS R4y H R IE ;s 28R G H a0 R i 25t
T2 T ER, RIS 9% 1U3E 8, (ELULET P2 5k Sk
IREL GI ZxR .

1 BPHUS IR Sk B AT A 5

Table 11  Effects of inulin on sensory and texture
of steamed bun
AR . iy
o REES (4 A (mL/g)
(%) TR e e nnm

0 85.33+0.74*  1.52+0.03" 13203.82+9.12" 0.67+0.05* 3678.93£10.83"
3 86.43£0.51°  1.69+0.02° 10219.38+18.20°0.6620.05*3625.27+11.48"
6 88.27+0.32°  1.71£0.02° 10009.07+5.89° 0.66+0.05" 3725.20+8.38°
9 89.83+0.64° 1.82+0.01¢ 9519.18+14.50" 0.64+0.07*3725.2711.48°
12 88.13£0.25° 1.71£0.01° 10285.29+7.41¢ 0.60+0.03*3772.58+11.11¢
15 87.13£0.25°  1.64+0.01° 10427.15+18.72°0.68+0.04* 3717.7210.60°

2.6 AREAEELEBIELMMEEMSE. GIFRERE
S0p=A

H AN A3 5 118 Sk i AR IR GT 7KK, ik
XFHGHEFT 4 °C BEI A AN, qnEl 1 FiEE 12 R,

HUPEGER

1.50

145 0 12 24 36 48 60
Il A1 ] (h)
B Al A A BEXT BT TE R 5 5 Y52
Fig.1 Effect of cooling retrogradation treatment on content of
resistant starch
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TR=AZ S AR A B Sk A 219 -

it ¥4 gl o 8] B4, o PE TRy 5 i 3 3, 12 sk HIL
GI EFNERT - 3 F IR (P<0.05); 36 h J&, Pk
B SiEsk HIL GI (M GE TFZ2P>0.05), i 57
25 B85 BRARARL, FEB (A4 I E] X 12 sk RS 73R 5400
K. RS PP PENE B E A 2R R R AE T
SACAT I ELBETEAY 4 TS AR, [l Ry 2
)G SR TR oy T FEEAEH, TeRy Tz shits
M 2218, ARG K AR SR, (15 [ A s Rp2 . T RS
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Table 12  Effects of cooling retrogradation treatment on HI, GI
value and sensory scores of steamed bun

1 (h) HI Gl BE(4)
0 29.38+0.20¢ 55.84+0.11¢ 89.83+0.64"
12 27.75+0.49¢ 54.94+0.27° 86.53+0.32°
24 25.99+0.29° 53.98+0.16" 85.30+0.26"
36 25.24+0.19° 53.57+0.11* 80.47+0.21°
48 25.09+0.30° 53.48+0.16" 77.53+0.40°
60 25.07+0.28° 53.47+0.15* 71.4740.25°

FHE% 12 AI40, ¥ 50 Bl A 4 BRET ] KT 36 h B,
1L S B EVESMIRT 80 41, AWz . LR85
KIEHRATE HH, A= L03E 12, 24 F 36 h P32 1K GI
=R, 5K GIH kR 55451, 12 h /9 GI{H Ny
54.94, 223 RN B FH(P>0.05),24 h 5 36 h ) GI {E5)
Ak 53.98., 53.57, 2255 3 (P<0.05), iHERE 12 h
AL B ; 5 RV E VA B IR SZ B 80 4rAHLE, 24 h
MIIESR 85.30, 25 5% i 3 (P<0.05), 36 h IYTF4 R
80.47, ZF AN (P>0.05), i HERS 36 h AUAbBHLH;
ZE AT, BE8E 24 h BUALEELH , HEEHE S ANME LR,
JEIEE R, PitEER & N 1.61%, BYEIT 45 R
85.30 47, GI {H >}y 53.98.
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Fig.2 Pictures of steamed buns with different treatments
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