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Optimization of the Technology of Gluten—free Steamed Bread by Response Surface Methodology and Its
Texture Characteristics
LI Dong—hong, ZHOU Da-yu, YANG Jin-jie, ZHU Li-jie, YANG Li-na, MA Tao"

(College of Food Science and Technology, Bohai University, Jinzhou 121013, Liaoning, China)
Abstract: The gluten—free steamed bread was made with corn flour, glutinous rice flour and soybean flour as
raw materials. The optimum ratio of gluten—free grain flour was determined by single factor test and response
surface optimization test, and the sensory evaluation of the product were taken as the evaluation indexes. On this
basis, the effect of alkaline protease, Lactobacillus plantarum and transglutaminase (TG) on the texture and
quality of gluten—free steamed bread was investigated. The results showed that the optimal mass percentage of
soybean flour, glutinous rice flour and corn flour was 3 : 3 : 4. Under this condition, the suitable quality of
gluten —free steamed bread was optimal by adding 4.5% alkaline protease (4 500 U/g enzyme activity ), 2.4%
Lactobacillus plantarum and 2.3% TG enzyme (2 300 U/g enzyme activity ).
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Table 1 Single factor experiment

winy It/ % Hop &

Pk 3.5.4.0.4.5.50.55 FEYFEBINESR 2.5%, TG
1 filg AN I 2.5%

HFE 1.5.2.0.253.0.35  BEEEAERINE N 4.5%,TC
FFE AN N 2.5%

TG JifF 15.2.0.25.3.0.3.5  BRHEEABRNGES 4.5% 1

YIRS I N 2.5%
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Table 2 Response surface factor level coding table
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Table 3 Mixing experimenter parameter settings

iR R/ (C/min)  JREE/C 5[] /min
RN YEY 30 8
552 BB e 4 15
55 2 BB 90 7
55 3 WrBer R -4 10
553 BBt 50 5
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Table 4 Hybrid experiment instrument reference table
Cl SRR T P P R R (L, P T I0 58 WAk 3R
2 FHTF D02 AEAUAC R R o, 2R A B AR
C3 WL R s R AE, T T VE R R
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cs FHF D0 2 ¥ 20 A o 3 o [l A e
WK AR (IRAE 14%) C1IKEN(1.1£0.5)N-m DXHI TR AN A, BV TR K 3K 1) 20 78 26 8 BT /K

IRE C1 G s i) , T AT B TR K, T A7 5 42 i
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U b, SRS 4 B 4SO o 0 S B S S B TR ) e 6 A A EE P E 20 H 285 I 2Ry
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1 mm, fil & 77 0.05 N, PRl 46 1 B 45 B B E) R 10 s, B VRN, O E S CHAR 18 Sk i 5T 0F 504 1 3]
Rk PS5O 14, 0.01 73). JCERTA 18 KL BVE PR L 5.
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Table 5 Steamed bread sensory quality rating table

C1 B[] O BEH 1] ) /min
A B[] /min
C3 Hf[a]/min
C1-C2/(N+m)
C3-C2/(N+m)
C3-C4/(N+m)
C5-C4/(N+m)

T PR hrifE
FE#R(20 %) AR T4 T 2.8 ml/g 1343 20 43 lLA/NT ST 1.8 ml/g B8R4y 5 43 8 FIE 0.1 41 1.5 4%
EE (5 4) G /N T EZE T 1.40 184550545 5 405 KT 1.60 18541050 0 433 76 1.40~1.60 Z [l A8 1 0.05 4111 43
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FMEPEC10 23) FCFEVELS :8 43~10 55 RIHG : 6 53~T 435 JKH 14 43~5 4%
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Table 6 Effect of powder ratio on the grain characteristics of grain flour
FE L CR TR < Ak JI%E/(N-m)

B KRR Cl C2 C3 C4 s C1-C2 C3-C2 C3-C4 C5-C4
3:6:1 1.633 0.744 0.982 0.801 1.047 0.889 0.238 0.181 0.246
3:5:2 1.027 0.759 1.221 1.140 1.632 0.268 0.462 0.081 0.492
3:4:3 1.242 0.773 1.325 1.284 1.606 0.469 0.552 0.041 0.322
3:3:4 1.104 0.920 1.490 1.463 1.556 0.184 0.570 0.027 0.093
3:2:5 1.435 0.855 1.298 0.887 1.220 0.580 0.443 0411 0.333
3:1:6 0.961 1.409 0.961 1.409 1.828 0.448 0.448 0.448 0.419
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2.1.2 MR ARSI TR A Sk i R R
[ A8 b4 s 3.5% 4.0% 4.5% 5.0% .5.5%
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Table 7 Effect of alkaline protease on quality and sensory score of steamed bread

e W% /g /g JEH JEEIN el EH
1 35 1 024.966+25.106 0.188+0.014¢ 191.686+3.461° 35.052+1.619* 67.53
2 4.0 867.921+37.042" 0.226+0.004" 196.825+5.357¢ 29.208+3.105" 68.33
3 4.5 482.634+4.467° 0.512+0.014* 91.844+6.104" 11.609+1.313¢ 70.04
4 5.0 520.142+8.320" 0.147+0.003" 91.888+0.477" 12.659+0.592¢ 69.17
5 5.5 545.707+6.854° 0.149+0.005" 67.426+1.044¢ 11.348+0.130° 69.43

TE [R5 B [ — SR AN [F] A ek 2 [1] 922 5 1. 25 (P<0.05 )

FIRELEHE 24 2 Bl D 5 SRR R S . 183K TR 73 Hr
TE 5 U PRI DAY, A8 52 RO MEL G P A ), 1 Sk SR K
B SRR MR A R A — i AR B L Bk T8 Sk B A
UFRIREZ IR SRR R EE AR E TR S BT Jt R AT
FIE A2 M 1 BN A 1 S5 P R A8 A, AR 25 S AR
P BERE /N , R L B 2 98/, SRR, I ok
JRAT RN . S SRR SR AY, B e

HE AR AEAINE N 4.5%.
2.1.3  AHPIFUT AR GRSk i T s
TR ATIE 5 2 1.3.2 454, ) T P eh 20 508 1.5%
2.0%.2.5% .3.0% 3.5%AH W FAF I (R FLA i
JNPAEAK KGR TR A Ky R U ) | o FL Bk
bR IR S RN 8 R .
HH e 8 AR, A R M A ) AT TR AR S
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Table 8 Effects of Lactobacillus plantarum on quality and sensory score of steamed bread

I BN/ % /g HiE/g JBE JEIN Mg BE
1 1.5 525.464+13.815° 0.145+0.003" 63.768+3.363" 15.344+2.279* 65.00
2 2.0 431.999+3.351" 0.138+0.003" 80.689+0.663" 12.851+1.482" 67.33
3 2.5 357.528+3.581°¢ 0.190+0.012* 63.274£7.317" 10.439+0.146" 70.18
4 3.0 378.976+2.927" 0.145+0.005" 67.221£1.993" 12.046+1.300" 68.33
5 3.5 451.347+6.453° 0.148+0.002" 85.027+2.116* 12.149+0.774" 66.67

TE : [RIFAN ) 5 B R [F] — SRR AN ) B0 =2 18] 9 22 53 135 (P<0.05 ).
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2.1.4 TG BEAS X ICER BT A4 18 Sk it BT 1Y) 52 k)

T A Al 2 T 2540 1.3.0 e, B i 1.3.2 find,

[i1) 1 AT FR 2 BRI 1.5% .2.0% .2.5% .3.0% .3.5%TG [if§
(TG BERIESINLAEA . KGR A0 ),
W5 FLBTA R, G50 2% 9.

HER 9 Al BEE TG BN E 3G, 18 3k i) h
FEFIRH IV N R T, SR R AR AR
TG BEA I IR R 2.5%0), ToEk T A P18 sk i
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Table 9 Effects of TG enzyme on quality and sensory score of steamed bread
565 A% A /g Skl JEH LN Uil EH
1 1.5 439.103+3.554" 0.142+0.005° 70.670+3.632" 12.695+0.715* 63.00
2 2.0 393.685+3.466° 0.152+0.009* 53.077+3.794¢ 9.575+1.826" 66.67
3 2.5 352.907+8.741° 0.156+0.003" 72.543+1.110" 8.526+1.387" 69.83
4 3.0 381.864+1.040° 0.145+0.002" 64.718+5.511° 10.461£1.292* 67.52
5 35 479.592+5.892" 0.152+0.002 88.161+0.874* 12.226+1.263" 62.17

T : [P ) 5 Bl R ] — SR AN ) A0 =2 18] (9 22 53 35 (P<0.05 ) o
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Table 10 Design scheme and result of response surface

o AWPEEAE  BRWFTH  CTCREE  ERE
Wi IS i
1 1 0 -1 68.17
2 0 0 0 71.83
3 0 -1 1 68.00
4 0 0 71.50
5 0 0 72.33
6 -1 -1 0 69.00
7 1 0 1 67.00
8 -1 0 1 66.50
9 1 -1 0 69.33
10 0 0 0 72.83
11 -1 0 -1 67.83
12 0 0 0 72.17
13 0 -1 -1 69.83
14 0 1 67.67
15 1 1 0 66.67
16 -1 1 0 67.67
17 0 1 -1 66.33

*H Design—Expert RIS x 2 10 %
AT ZmEAEE, B3 keI EIE TR Y=

F11 EEFREFESHR

Table 11 Variance analysis of regression model

it F Rkl F il ¥J5 F{H P

FEEHY 78.29 9 8.70 33.61  <0.000 1
A 3.613x107 1 3.613x10°  0.014  0.909
B 7.64 1 7.64 2953 0.001
C 1.12 1 1.12 432 0.076
AB 0.44 1 0.44 1.71 0.233
AC 6400107 1 6.400x10°  0.025  0.880
BC 251 1 2.51 9.71 0.017
A2 21.76 1 21.76 84.09  <0.000 1
B 12.04 1 12.04 46.52  0.001
c 25.97 1 25.97 10034 <0.000 1
Gk 1.81 7 0.26
AR 0.79 3 0.26 1.04 0.466
a2 1.02 4 0.25
RN 80.10 16

12 P<0.01 F7RHE 3, 0.01<P<0.05 Fom i35 .
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Fig.1 Effects of alkaline protease and Lactobacillus plantarum on

sensory evaluation of steamed bread
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Fig.2 Effects of alkaline protease and TG enzyme on sensory

evaluation of steamed bread
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sensory evaluation
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Fig.4 Influence of optimization results on the rheology of dough
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