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Abstract: Nuclear Magnetic Resonance (NMR) and Fourier transform’ infrared spectroscopy (FT-IR) were used to study the effect of
glucose oxidase (GOD) (0~0.5%) on moisture distribution and parameter changes of protein structures in dough. A correlation analysis of each
experimental indicator was conducted based on the thermody namic properties of dough and the changes in disulfide bond content. The results
showed tha the addition of GOD could reduce the relaxationtimes (T 2) for water in dough. In the range of 0~05%, the T and T2 values
decreased first and then increased, whereas when the dose was 0.4%, the measured Tz and T2z values were the lowest; thus, GOD concentration
had a significant negative correlation (p< 0.05) with T 21 and T22. The amount of B-pleated sheet, B-sheet, a-helix, unordered structure, and p-tum
increased first and then decreased, and a significant positive correlation (p < 0.01) was found between GOD concentration and r values. GOD
could increase the gelatinization temperature and thermal stability of the dough, promote sulfhydry| groups (-SH) to be converted to disulfide
groups (S-S), and significantly. affect changes indisulfide groups (S-S). The moisture migration in dough showed significant correlation (p <
0.05) with the gelatinization temperature of dough, disulfide (S-S) content, o-helix, B-tum, and unordered structure. The gelatinization peak
temperature (Tp) had significant positive correlation with disulfide groups (S-S), a-helix, and B-turn (p < 0.05).

Key words: glucose oxidase; nuclear magnetic resonance; Fourier transform infrared spedroscopy; protein secondary structure;
correlation
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Table 1 Effect of glucose oxidase on the T» relaxation time of

dough
FhElh  Tams Tolms
0.0 0.6840.77°  12.4640.15°
0.1 0.6640.68%  6.93+0.84°
0.2 0.6240.24° 5.8740.95°
0.3 0.5740.88" 4.5520.32°
0.4 0.4740.97° 4.1330.16°
0.5 0.5340.89 4.4720.26°
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0.0  54.99#1.2% 64.791.01°  69.1840.23" 6.560.09°
0.1 5861+1.05 66.17.14° 70.6740.47°  4.3440.14°
02  61.1840.98° 66.2241.28 70.2040.29° 2.0940.38"
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Table 3 Effect of glucose oxidase on the contents of sulfhydryl and disulfide bonds of the dough

Fdm 7 #-SH # & -SH 5 2SH Auy HBSH S-S

=/% Asrz /(umol/g) I(pmol/g) /(umol/g)
0.0  0.0930.008 457740.28° 0.05940.001° 5.78440.19° 0.6040.08°
0.1  0.089#0.001° 4.380#0.16° 0.06020.003* 5.88240.10° 0.75140.11°
0.2  0.08420.005 4.13420D.09° 10.06220.002 6.07820.25 0.97220.07°
0.3  0.081#0.007° 3.98720.17% 0.06320.008 6.17640.11° 1.09430.16°
0.4  0.067#0.005 3.29720.11° 0.06420.009% 6.27540.1F 1.43920.09°
057 0.07820.004° 3.83940.18° 0.06320.005° 6.17720.15% 1.16940.12°
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L613-1622 B B-# &K E, REFIT, o Fi
FRAR BAE R A4

1625~1638 B 5T R B &
1640~1648 r R 4 (C=0 5 KT i A 4E)
1650~1659 o o-¥% 7%
1666~1677 t -4t A
1680~1686 B2 /”\ig:;?zji?%

HIZ% 5 REH, NI apE AL B B e ) —
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Table 5 Changes of protein secondary structure in the dough with different amounts of glucose oxidase

AR AN EBRIE By By 1y on FIE TEIN
Ak, AR INEAT 0~0.49%0, BEASARINERIH K Br-
Bv o ry FItEEIPIER, HAEINEIGINE] 0.5%0 2
= YR,

71 %] FESA AL 3T iR R R-COOH % m, B
IR MG R, BRI O IKEE A R T
BUE REHDE R, G5 T E A R SRR B
B S EBERA R, Hrb B i SR MIEE )
SEHAFERI  JEE5 0, SRR R aRfE gy E A
G TR KEREZ, HKaTREA
SEITEREK 25 GRS R, (153 C=0 57K
BRI, T 2 G U g . S Ak,
] ] A AL T i B AR B (-SHD U TR
T (S-S), HYuR T I 2 A EARH, B0 TR B
JRIRI S5 HE, SRR o AT GO

o E % B1/% B/% 1% /% t/% Ba/%
0.0 9.840.04¢ 17.3820.13%  18.73+0.08°  18.83#0.03' | 11.8840.13°  6.4430.33¢
0.1 10.5140.04°  19.2230.08°  19.57#0.04° 21.13#0.04"°  14.6440.06°  11.22+40.14°
0.2 10.7740.11°  19.4020.15°  22.2140.14°" 21.4820.08° = 15.9620.11°  10.0220.21°
0.3 11.1540.06°  19.4820.07°  22.4940.02° . 21.5320.09°  16.1240.16°  10.2540.09°
0.4 13.1540.08°  19.8240.12°  24.6520.07° . 23.4020.06°  17.12#0.05%  8.9930.18°
05 11.6040.04°  18.4230.09"  23.9240.09°  20.430.04°  15.13+0.17°  10.5240.14°
E: R—FIRRFEERTERELE, 2FKFp<005.
2.5 SLI A& E B0 ARy AR K MO
% 6 BEESUEANERITWFTES KA
Table 6 Correlation of glucose oxidase dose and main experimental parameters
Fms O Ta Ta To AH -SH  SS B o t r
Ao E 1 -903" -843" 886" -509 -755 .880° 420 537  .703  .944"
Ta 1 749 -901" 501 .805 -915° -489 -695 -739 -951"
T2 1 -903" 871" 891" -815° -814" -801 -937" -861"
T 1 -704 -817 .88 .703  .829° 868"  .915"
AH 1 -803 -835 -965" -.879" -9527° -.656
-SH 1  -838 -783 -8 -930" -901°
S-S 1 768 903" 902"  .892"
B 1 941" 931™ 579
o 1 939" 712
t 1 834
r 1
E: *A p<0.05 FHAKF, **Hp<001 BT FKF,
HETREEACER T K AR S RO, TR E R T I & BRI T I TR S5 AN

BRI I SRR e B R A S B R TS
[FIRE LA o DRSS T VPO Fiabn AR,
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[N SR 7 o T F WA R B I e S e 2
M, HHMES Ta. T2 B EEAMHX (p<0.05),

5 Tpy S-S BAEFIEMK (p<0.05), HXf r HAK
B2 IEAOE (p<0.01), iBHIEE (154 PEA AL IR 1
T A R A Ta Al T2 STHIE Tp M1 S-S & &
BB B ERE (p<0.05) , Hirt Too W E 34 1y
RPN S e 2, SAHFI-SH & &
SERFIEME (p<0.05) , 5SS, B. r il t £ EF
A (p<0.05), VEBA I AR S&5-& /K Mg in, s 1 i
R E M, JRE— e R & A R IS .

Tp 5 S-S, o fl t HA B3 IEMHE (p<0.05), AT LLE H,
Y& o T PR AR R P DA 0 i i R T AN 2
R REERR R, -SH 5 S-S 2 fifl 9% (p<0.05).

3 Zhip

3.1 I hnEE A B AR A K oy 25 A TR, T2
P/ s B INE ] b S-S B &, AR A A X 28 25 AN 5,
PE i AR RR RS e M, 535 4 i A IR

8 R TR AR E M. FT-IR 20 HTaR W, e &0 AL B
AL i e SUX oK E ) C-O- 1 4E RS Fl C-C.C-H
SOk N AN Eil ik vk e sR d TN Eilibp &
o)A AR AR By B o M Bt S E
Thim, S AR SR, |E BTN A
TRV ELAE F ek, SR 7 A AR ENE

3.2 B EIRFFHIFHRME T Bra R ool T2 K
T ] G e PR AR 35, To B [0/ DT A A 1
A5 Torn T2 SEEE LIS BA W3 A C,

BT Bl C=0 Sk e A B %, KT
SREFE B T R RN R i A
g, HAREE T, 5 oy t fl r B EZIEMSC, AH
5By a Mt AAREMMRG; S-S HFEE o tHlr A
AR FIEAHK, AIS-SHEIN 2 i 1 ARARE .
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