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A BiRmEH 6 mgkg K ERIF, 5ARF XynllA 9384k, 252 @O EE KT 15.6%, A2 F A
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Application of Thermostable Wheat Arabino-xylanase Xyn11A for
Quality Improvement of Wholewheat Bread
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(College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang 050000, China)

Abstract: The high cell-density fermentation production of thermostable arabino-xylanase Xynl1A and its application in
the whole wheat bread quality improvement were investigated. The high cell-density fermentation method was used to
produce XynllA, and its effect in whole wheat bread quality improvement was evaluated by determining the pasting
characteristics, rheological properties, specific volume, texture, differential scanning calorimeter (DSC) and scanning
electron microscopy (SEM). The results showed that the supernatant xylanase enzyme activity was 1884 U/mL after

fermentation of recombinant Pichia pastoris in a 5-L fermenter for 108 h. Pioneering the application of wheat
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arabinoxylanase Xynl1A in whole wheat dough, the gelatinization characteristics showed that with the addition of Xyn11A,
the peak viscosity, trough viscosity, and final viscosity exhibited a trend of initially decreasing and then increasing.
Rheological properties indicated that with varying amounts of Xyn11A added (0 to 6 mg/kg), the extensibility of the dough
increased from 173 mm to 181.5 mm. The Mixolab measurements revealed that the dough's Cl1 (maximum dough
consistency), C2 (gluten weakening trough), C3 (peak viscosity), C4 (retained viscosity), and C5-C4 (starch retrogradation
rate) decreased from 1.119, 0.443, 1.568, 1.399, 0.963 Nm to 1.113, 0.437, 1.512, 1.252, 0.774 Nm, respectively. The wheat
arabino-xylanase Xynl1A was further applied in whole wheat bread, and the specific volume of whole wheat bread showed
a tendency to increase and then decrease, and the hardness showed a tendency to decrease and then increase, and the best
effect was achieved when the addition amount was 6 mg/kg, which increased the specific volume of the whole wheat bread
by 15.6%, and the hardness decreased by 26% compared with the control group without Xynl1A. Addition 6 mg/kg of
Xynl1A in whole wheat bread, the hardness of bread decreased in a range of 19.4%~23.9% at 4 °C for different storage
time (1~5 d), indicating the enzyme could delay the aging speed. DSC showed that the melting temperature as well as the
differential scanning calorimetric integral enthalpy decreased with the addition of 6 mg/kg Xynl1A compared with the
control group without Xynl1A, indicating that the addition of Xynl1A delayed the aging of whole wheat bread. SEM
results showed that the addition of Xynl1A resulted in a more continuous dough microstructure and a denser and more
homogeneous internal mesh of the bread. In summary, wheat arabinoxylanase Xynl1A would show excellent effects in
improving the quality of whole wheat bread and delaying the staling process, demonstrating good potential in the

modification of baked goods.
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trogen)., HLZHYESIRIEREAE YPD(Yeast extract peptone
dextrose medium) 5% 72 HL h 15 35 A 70, SR 5B A
TR AR 3EEA 2 L BSM(Fermentation basal salts
medium) 5% 32 2 A ZEERE P . FHEKIET pH =
4.0, 7EF%3# 600 r/min, #&%E 30 °C MZM F A%
AR, FEEFRE P HIMMEFESS, pH PR 5.0, IF
1) HE B N A 50% B4 H i, 3 B AR 1R B Gk F)
180~220 g/L, 151k H ¥ o Y4k 30 min, 753 )8 2
800 r/min, pH J#°k 6.0, FE&IIH 5 S 7 . 25
RER 12 h B, I A PR TR o, b Y7 VRS 1 N
FEASE,
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Bt 3% 70 52 SR A DNS 3=, 28 (o B 2 08
Lowry 512 By 51,
1.2.3 PR rEI e SR PGE R
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1.2.4 &2 EW AR 2RIl e #H MB120
IR ST G AT AN 2 4= 22 By 04 & /K &, B 5 FH Mixolab
TRA RIS 52 A FH A Xyn1 1A X1 BIRAE 2419
520, Mixolab FOIMNE S-S0 KB 46.78 g,
FEURTEIE N 30 °C, F 30 °C {HiE 8 min, FFLA 4 °C/min
B FHE S 90 °C JETEIE 7 min, f5)5 DAAHIR] A58
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16 min, 22 J5 F -k 170 °C. Tk 180 °C #EZ 54t 1%
11 min, HUELER, 2 mL =R E 2 h, FHERAEE
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XTHE, DSC T BEE NFE 20 °C “PAF, LARATE &
10 °C/min M 20 °C [&ZFE—40 °C, T—40 °C 345 15 min,
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1.2.8 Hilid T BB mes S as A A
6 mg/kg A SROHHE ) 1] AR AL EE S, 28R TR 4
AFR)S, 30 R T AR O S A
1.3 R
fdi F SPSS 27.0 44X} #eHm 4T Duncan 2 5
HeBs, 1 A4 Origin 8.0 X Bdms: &/t &
EPEKPfE S P<0.05,
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Table 1 Effects of different xylanase supplemental levels on gelatinization characteristics of whole wheat flour
ARRWERGA NG (mg/kg)  VEHZNE (Pas)  AMERE(Pas)  HW{EH(Pa's) BAHE(Pas)  FIA(EPas)  WEERR(min)  WILEE(C)
0 915.00+6.08° 455.33+2.51%® 459.67+6.66 1084.33+1.53" 629.00+3.64" 5.40+0.00* 89.62+0.03®
2 909.33+2.08 450.67+3.51° 458.67£3.79°  1075.00£5.20™  624.33+3.06 5.40+0.00* 89.08+0.49°
4 900.00+4.36®  449.00+£1.00®  451.00+4.58°  1068.33+3.06"  619.33+4.04° 5.47+0.00° 89.92:0.42°
6 895.33+2.52" 446.33+4.51°  449.00£6.08°  1063.00£12.12°  616.67+7.64° 5.45+0.04° 90.17+0.49°
8 902.33+5.51%  451.33+3.06™  451.00+£7.94®  1072.67+5.51®  621.33+4.04° 5.45+0.04° 89.93+0.49°
10 905.67+5.51%  474.33+32.62°  431.33+27.15°  1087.00£6.08  612.67+26.57°  5.47+0.00° 90.17+0.41°
T RPN RVING TR 22 53 .25 (P<0.05) , 3231
2.2 KREFEES Xynl 1A RMEX S E MR f&%@ggjﬁngggﬁ
— SRy
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AR ZE W L TF, B 6 me/kg A B il indE R .
2= 2 AJ N, /N BT RAA AR ERBETF Xynl 1A %00 6 mg/
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Fig.2 Mixolab curves of dough with different amounts
of Xynl1A added

()5 R REEH . HEnaniEsl 6 mg/kg B, #55
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AOZEEERS N, WA=, e 1 m et .

Bl /N2 BT A SRBE I Xyn1 1A BYES N, T
M1 C1 ERY T BRI K 2100 T [, T ARG
TR, C3 Fil C4 {HAY T BRACERTENI LR T I VER
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FRUE B ], 30 T A SRR, SAS SRR A R —
B, KU XynllA AT LASESRTH BI040, XynllA
A FK i A A2 DA v R ST BB A ZRBE, AT REATR
THI s AR A A TR Z A1 sa K, AT fifi ok
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JE R a], XA A AR 25 A T R,
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Table 2  Effects of xylanase Xyn11A on the rheology of whole wheat dough
ARBWERA IR (mg/kg)  CI(Nm)  C2(Nm)  C3(Nm)  C4(Nm)  C5(Nm)  C5-C4(Nm)  JERURHE (min) &g a] (min)
0 1.119 0.443 1.568 1.399 2.362 0.963 4.4 7.0
2 1.098 0.454 1.536 1.339 2.241 0.902 3.95 7.1
4 1.127 0.454 1.523 1.298 2.157 0.859 39 6.7
6 1.113 0.437 1.512 1.252 2.026 0.774 3.85 6.9
8 1.114 0.445 1.531 1.273 2.037 0.764 3.75 7.1
10 1.132 0.446 1.526 1.264 2.143 0.879 4.12 6.9




- 86 B Tk B4 2024 4E 12 A

3 A Xynl1A BT AR A 500
Table 3  Effects of different Xyn11A additions on dough tensile properties

PN 3 145 min 190 min PRiE135 min

e 13353 . Al 2 AR . A il 2 AR . Al 2 AR

ke s IR e o) g0y PR g o) gy PR
0 173.00£1.41* 417.00£106.07° 98.50+9.19®  163.50+0.71° 368.50+53.03®  89.00+£8.49°  153.50+0.71* 322.50+0.71°  75.00+1.41*
2 179.00£0.00° 373.50+58.69° 96.50+12.02°° 171.00£1.41® 323.00+31.11*°  82.50+6.36°  162.00+0.00° 297.50+£2.12®  71.50+0.71°
4 180.00+5.66™ 327.50+20.51®  88.50+6.36™  170.00+1.41® 299.50+12.02°  75.50+3.54*  177.00+8.49° 279.50+6.36°  71.50+4.95"
6 181.50+2.12°  298.50+3.54*  77.5042.12°  175.00£7.07° 287.00£5.66°  74.00£4.24°  170.00+4.24" 275.00£1.41°  68.50+2.12*
8 176.50+2.12%°  434.00£62.23® 88.00+12.73"  172.00£0.00° 365.00+£52.33® 81.50+£23.33* 174.50+10.61" 344.50+44.55"  78.00+9.90°
10 172.50+3.54*  463.50+7.78"  109.00+4.24° 167.50+0.71% 446.50+44.55° 92.50+0.71°  169.00+4.24"  393.50+£6.36°  94.50+0.71°
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AR Xynl 1A X422 40 L R FI AL R EE
FASRZ IR o

N BATRIAA A SRS Xynl 1A X422 T FL 28
FOAE A2 (1] 3), X RE 2] 43 i 60 A B 28 R 2
3500 2.95 mL/g Fil 116.54 g, 24hnlfFE i 2 mg/kg
JINZE 6 mg/kg B, THIALIY ELAEAS WG A, Al 88 AS DT ek
7N, YN 6 mg/ke, WL ELARK, S 3.41 mL/g,
FHEEXT BRI T 15.6%, Wl /)N, “A 88.28 g, AH L
XTHERRAIR T 24.3%. YINAFEARS N, LR BT
b A, AT S B e A SR EAERY s
it J1 PR Fod7 R UE 14 A R BE I 3] & 2 i, 4
RISl FE A S R 13.06%, A B A T 32.20%.
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AR TRMHBEAE L A 54 7N, TECELAE BEAH LX) FRFEAIC
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Fig.3 Effects of Xynl11A on the specific volume and hardness
of whole wheat bread
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Fig.4 Slices of whole wheat bread with different Xynl11A
supplemental levels
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Fig.5 Effect of Xynl1A on the staling of whole wheat
bread during storage
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Fig.6 DSC chart of whole wheat bread with and
without Xynl1A
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Table 4 DSC analysis figures of bread with or without Xynl11A

KRB IR RERE R KRRE BUMSE
(mg/kg) (cc) (°c) (c) ig)
0 -11.4 -3.8 1.7 32.39
6 -13.9 -6.8 2.6 22.92
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Fig.7 Scanning electron microscope (SEM) of whole wheat
dough and whole wheat bread with and without the
addition of Xynl11A
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