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Effects of enzymes on the quality of bread
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ABSTRACT: Objective To investigate the effects of 3 kinds of enzymes and their composite enzyme on the quality
of bread. Methods A single-factor test was used to analyze the effects of xylanase, glucose oxidase and
transglutaminase on the flour characteristics and dough microstructure of high gluten flour. The effects of 3 kinds of
enzymes on the specific volume, texture, sensory and ageing characteristics of bread were explored. Using the sensory
properties of bread as evaluation index, the improvement of composite enzyme on bread quality was optimized by
orthogonal test. Results The flour properties, internal network structure of the dough and quality of the bread were
significantly improved with the addition of 3 kinds of enzymes at appropriate levels by the single-factor test. The
optimal combination of composite enzyme preparations of 4 mg/kg xylanase, 2 mg/kg glucose oxidase and 8 mg/kg
transglutaminase was determined by orthogonal test. The bread produced by this formulation had better texture, higher
specific volume, higher sensory score and more significant anti-ageing effect. Conclusion Enzymes can effectively
improve the quality of bread, which can provide a reference for the application of enzymes in bread.
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Table 1 Factors and levels of the orthogonal test

KV kmpEE BRAEALES  C R R
[(mg/kg) [(mg/kg) /(mg/kg)

1 2 2 6

2 4 4 8

3 6 6 10
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Table 2 Bread sensory evaluation table
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Table 3 Effects of enzymes on the flour properties of high gluten flour

7S It/ (mg/kg) W 7K 2/% T} AR RS 8] /min A1 148 2 B 8] /min $bEE/FU

0 61.60+0.26" 4.67+0.15° 6.23+0.31° 89.00+1.00°

2 62.10+0.26° 5.07+0.15" 6.87+0.06" 77.67+1.53¢

K 4 62.97+0.15¢ 5.20+0.10° 7.7740.15" 71.33+0.58°

6 65.07+0.38° 4.67+0.12° 7.17+0.15° 86.00+1.73°

8 65.73£0.21° 4.23+0.12¢ 6.27+0.21° 95.33+2.52°

10 66.73+0.15" 3.83+0.12¢ 5.67+0.15¢ 104.67+3.51*

0 61.60+0.26" 4.67+0.15¢ 6.23+0.31¢¢ 89.00+1.00°

2 61.53+£0.15" 5.13+0.06° 7.53£0.16" 73.67+0.58¢

g L 4 61.67+0.32° 5.43+0.16" 6.83+0.06" 74.67+1.53¢
AL 6 61.97+0.15" 5.13+0.15° 6.53+0.23" 78.00£1.00°
8 61.67+0.15° 4.73+0.06° 6.07+0.15% 89.67+1.53"

10 61.57+0.15° 4.60+0.10° 5.87+0.06° 98.67+1.53°

0 61.60+0.26° 4.67+0.15° 6.23+0.31¢ 89.001.00°

2 62.10+0.20¢ 4.57 £0.06° 6.30+0.10¢ 87.00+3.00°

PRy, 4 63.3340.15° 4.53+0.15¢ 6.97+0.15° 82.00+2.00°
A AR 6 63.23+0.11° 4.47+0.06° 7.37+0.15° 79.67+2.31°
8 63.83+0.25" 5.17+0.06" 7.73+0.06" 73.002.00°

10 64.27+0.15° 4.87+0.12° 7.40+0.10° 75.00+1.00°

T B R/NG TR R B 2 (A7 35 1k 22 57 (P<0.05), 3 4~9 [l
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Fig.1 Effects of enzymes on the microstructure of dough (x500)
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Table 4 Effects of enzymes on the specific volume of bread

ARWENGE AR RO AR

TENSaws  wmews W
/(mL/g) /(mL/g) /(mL/g)
0 4.08+0.03¢ 4.08+0.03¢ 4.08+0.03¢
2 4.17+0.02° 4.20+0.03° 4.08+0.02¢
4 4.23+0.04° 4.21+0.04° 4.13£0.03"
6 4.17+0.02° 4.15+0.02° 4.16£0.02"
8 4.15+0.03" 4.11£0.02" 4.19+0.04°
10 4.11£0.02%¢ 4.07+0.03° 4.16£0.05"

H3 4 AL, SXFREGIARE, W 2~8 mg/kg A RBE
Tit AT LAt 2 8 T B Y LG 4E (P<0.05), Hith, KRR
Tk 4 mgkg B, AR AT, S4 0 HAb
TE 5835 25 55 (P<0.05), VS Ik 7 DR 0] 2 S 301 ) 1b 25 0
N o ARBEWER T LIOKE AKAS TS A FENE 53 Ry /K VA 1 AR SR,
AR e 3 T AT A v, RGN T R CRE T, AT
KL F 2T It 25 o A AU LA i P s, T £
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(P<0.05), fo g Al IR0 HL 2R3 0 3.19% o 7178 Bl 42 AL il
o BT Y 0 T 7 DO 4% g, 46 e T 77 ) 2% ke A A 114 [
SEfE ST, MR AN A FL R S R A H, TR
4~10 mg/kg % 4 24 Tk H 1 vT DL 25 BG4 09 L AR
(P<0.05), MU~ 8 mg/kg i), MMM HLAERR T HK
fB 45 ST e Wt RE 08 i b B 11 0 2 IR A 5 R, X A8
BT B 11 0 A R R A S R v, fof TR A A R, ek
N TERE, AR K Ay H s
2.5 EEFIFIXE S RANE

JO R T AR DAL SO e A R D ik 22—, Sl A BT
TR R AN AE B . DR . BRI R, W] LUK B
ol T AR 728 A A, JHL v R ML 15 1 T A B A S,
SIS T T S A DG . ARFSE AR T ORI
Jorek P e FRDGT TR B SRS R, 25 SR LI 2.

AL 2a FTLAE Y, ThIA AR I 25 A SRR i Bl
ARBEAS LG IR - SRR R e, Horpxd g
FIHIEURERE N 365.49 g, WA 4 mg/kg AT A i A% EE
RN 303.47 g, PIFFAAAE 103525 R(P<0.05); NN 2 mg/kg #
PR B A I AL AR AT BRI 335.40 g, X HRALAE
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Fig.2 Effects of enzymes on the texture of the bread
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(P<0.05); ¥ 2 mg/kg 725 B4 1k B A 16 L 3 A
234.72, 5XFPRLATC 35 22 5 (P>0.05) 0 5 T Y A 35 A8 A
TR, 33 A TS ik 22 mT B v T TG P MELE
R BAALR 17 T 7 10 SRRt o o e 4 2 T g T X T 0 ML G B
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FEF(P>0.05), IR A I EALETS T 8 me/kg 1AL
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Table 5 Effects of xylanase on bread sensory
KHBER I R (me/ke) WIS _ :
TE25(20) 2441(20) Mg (20) R (20) =L (20) F3(100)
0 15.83+0.61° 16.20+0.61° 15.03£0.31° 16.07+£0.31° 15.900.53° 79.030.06°
2 17.70£0.25° 17.73£0.15° 16.73+0.35" 15.70£0.36™ 17.63+0.38° 84.87+0.71°
4 17.93+0.57* 19.07£0.15° 17.070.38" 16.40+0.62° 18.80+0.56* 89.27+0.30°
6 16.17+0.32° 17.73+0.35° 15.13+0.45° 15.10+0.46" 16.23+0.45° 80.37+0.91°
8 13.97£0.21¢ 14.87+0.31¢ 12.63£0.47° 14.47+0.35° 12.97+0.21¢ 68.90+1.25¢
10 12.03+0.21° 11.90:0.46° 10.63+0.47¢ 13.47+0.35¢ 11.17+0.35° 59.20+1.25°
*6 BERENUBNEEEENTE
Table 6 Effects of glucose oxidase on bread sensory
WIr14y
5 AT S N it/ (mg/kg) _
B4&(20) 4141(20) H /& (20) IR (20) HEMEQ0) H3(100)
0 15.83£0.61°  16.20£0.61°  15.03+0.31° 16.07+0.31° 15.90+0.53° 79.03+0.58"
2 18.07£0.15°  17.93£0.38°  17.07£0.23° 16.10+0.36 18.10£1.00° 87.27+0.86°
4 16.93+0.40° 15.17+0.35° 15.87+0.31° 14.83+0.65" 16.23+0.45° 79.03+0.60°
6 14.97+0.55¢ 14.03£0.35¢ 15.33+0.42% 15.10£0.30° 13.93+0.21° 73.37+0.49°
8 12.13£0.55°  13.07£0.70°  11.83+0.57¢ 14.101.00° 10.90+0.36° 62.03+0.93¢
10 10.17£0.357  12.13£0.65°  12.00+0.56° 13.10£0.70° 8.97+0.40° 56.37+1.36°
*7 HRASEHEREYEERENTN
Table 7 Effects of transglutaminase on bread sensory
5145
e S BRI RS Nt/ (mg/kg)
JEZ5(20) ZH2(20) F&(20) IR (20) HERE(20) J43(100)
0 15.83+0.61° 16.20+0.61¢ 15.03+0.31° 16.07+0.31° 15.90+0.53° 79.03+0.06°
2 15.80£0.40° 15.07+0.40¢ 16.97+0.25 15.23+0.32° 15.30+0.26 78.37+1.50¢
4 14.57+0.40¢ 15.03+0.25¢ 15.63+0.35° 15.00+0.26° 15.07+0.25¢ 75.30+0.20°
6 17.10+0.26° 17.13+0.15° 17.03+0.46" 15.13+0.15° 17.20+£0.46™ 83.60+0.80°
8 18.10+0.26" 18.63+0.38° 17.2740.21° 15.23+0.15" 17.87+0.49° 87.10+1.22°
10 17.00+0.20° 16.10+1.32¢ 15.97+0.25° 15.07+0.32° 17.03+0.25° 81.17+0.38°

HIZE 5 AT, BEAE A SR AN IR A3, TR

St T LA A A PO 2 A L 8 1 AL A

B BT R RS, i 4 mg/kg KRB
PV I ) R PP, BT 89.27 43, xR
AHLEG, 4 mg/kg ARG AITA TE0R TR 3] TR,
It H LA LT3 i 48 55 0 A A B (P<0.05), 1B AR SR B 7 2
2 LA G5 A0 X 7 T ORI 5, X AT AR AR W 2 R
TR RE B — 8 Wk o (H Y AR R BEAS naot 220, Tk
BV S T PR ER AR, 158 BH A SR Bl 7S 0 2508
3R 6 RIH, FE 2R LR IR A 8E &,
R BT IE A3 S5 o0 5 e T e PR AR B, Y 28 W L il
Wil 2 mg/kg B, EOMERE TS, K5 87.27
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Fig.3 Effects of enzymes on the deterioration characteristics of bread
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Table 8 Effects of composite enzyme preparations on the texture and specific volume of bread
F% 4 B C B /g NELIER i g PR FL%5/(mL/g)
1 1 1 1 330.58+31.76° 220.39+20.42% 0.95+0.01% 0.70+0.01" 4.16+0.04°
2 1 2 2 422.86+23.12° 277.27+16.19° 0.93+0.01% 0.71+0.01° 4.12+0.03"
3 1 3 3 388.83+16.51" 255.69+7.60% 0.94+0.01** 0.70+0.01" 4.16+0.053°
4 2 1 2 287.74+26.95° 199.29+23.71¢ 0.95+0.02° 0.73+0.01° 4.24+0.02°
5 2 2 3 411.39+13.38® 262.70+9.59° 0.93+0.01% 0.69+0.01° 4.15+0.03°
6 2 3 1 355.49+41.75% 228.34+24.43%4 0.92+0.01% 0.70+0.01" 4.15+0.02°
7 3 1 3 391.06+20.08" 256.28+14.26® 0.93+0.01°¢ 0.70+0.01" 4.11£0.03"
8 3 2 1 374.78+15.80 246.70+12.07% 0.92+0.01% 0.71£0.01%° 4.16+0.023°
9 3 3 2 414.03£10.71* 262.69+9.11° 0.91+0.00° 0.70+0.01" 4.09+0.04°
*9 EAMHFIMNEACRERL M ERLIRNER
Table 9 Orthogonal experimental results on the sensory effects of 3 Zﬁ i@

composite enzyme preparations on bread

5 A B c B4
1 1 1 1 84.17+0.71%
2 1 2 2 78.70+1.25°
3 1 3 3 81.63+0.32°
4 2 1 2 92.30+0.66"
5 2 2 3 85.07+1.01%
6 2 3 1 82.77+1.07%
7 3 1 3 84.10+0.95%
8 3 1 85.97+0.45"
9 3 3 2 82.87+0.67%
ky 81.50 86.86 84.30
k 86.71 83.25 84.62
ks 84.56 82.42 83.60
R 5.21 4.44 1.02
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g
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Fig.4 Effects of composite enzyme preparations on hardness
of stored bread
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