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Abstract: To improve the physicochemical properties and processing performance of black wheat flour
dough, the effects of adding Glucose oxidase (GOD) on the gelatinization, thermomechanics dough tensile,

rheology properties, and microstructure of black wheat flour were investigated using a rapid viscosity
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analyzer, a texture analyzer, and a scanning electron microscope, among other methods. The effects were

also explained in terms of changes in protein fractions. The results showed that the moderate addition of

GOD could significantly reduce the content of free sulthydryl groups and increase the content of disulfide

bonds in the dough of black wheat flour, thereby enhancing the degree of protein cross-linking and

significantly improving the physicochemical properties of black wheat flour dough. The best improvement

in dough structure and properties was achieved when the GOD addition was 0.8%, at which point the ratio

of wheat alcohol-soluble protein to wheat gluten (0.81) was close to the optimal ratio (1.0). This study has

provided a certain reference for the development of black wheat-based foods and the improvement of their

edible quality.

Key words: black wheat flour; dough; glucose oxidase; physicochemical properties; processing performance
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TRAH BRI ERE, ¥ 3.49 g IR KA1 25 mL
(7K EERS T4 BT I RE S v B, R
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Table 1 Effect of GOD on the pasting properties of black wheat flour

GOD R INH/% V(R B /ep FWRAE /cp T KM ep V& 8] /min WL IR EE/°C
0.0 2 514.50+16.26° 1082.00+7.07° 3 758.00+0.00° 5.47+0.00° 84.00+0.07¢
0.2 2 614.50+37.48"® 1 164.50+40.31° 3 869.50+70.00% 5.57+0.05° 85.60+0.07"
0.5 2 661.00+11.31° 1314.00+15.56° 4061.50+13.44% 5.57+0.05° 86.40+0.07%
0.8 2 616.00+£31.11° 1 387.00+£7.07° 3 981.50+33.23% 5.57+0.05° 86.83+0.67°
1.1 2 540.50+2.12° 1 336.00+£22.63" 3 890.00+£91.92% 5.50+0.05° 86.88+0.53°
1.4 2 579.50+40.31% 1312.00+43.84° 4177.50+57.28° 5.50+0.05° 85.18+0.53¢

H: R AFARR R BEEZES (P<0.05), JFEF.

Note: Different letters in the same column indicated significant differences (P<0.05), same as below.
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£ 2 GOD Xt R/ E B HE H R F 55 % R0
Table 2 Effect of GOD on thermo-mechanical properties of black wheat dough

GOD /% WK%  JERAE/min - F2 @R [E]/min - BEEHE/N-m  HEAFEBHAE/Nm  BAENm S EE/N-m
0.0 62.50+0.03*  1.18+0.01¢ 9.50+0.00¢ 3.53+0.20° 0.65+0.02° 1.04+0.01¢ 3.10+0.20°
0.2 62.50+0.02°  1.28+0.08%  10.65+0.07° 3.63+0.03% 0.59+0.00° 1.05+0.01¢ 3.1440.03*
0.5 62.45+0.04*  8.86+0.32° 11.75+0.35° 3.76£0.10% 0.54+0.00° 1.14+0.02* 3.21£0.11°
0.8 62.35£0.07°  9.64+0.05°  12.30+0.14° 3.81+0.02° 0.53+0.00¢ 1.16+0.03° 3.25+0.02°
1.1 62.35+0.04*  7.49+0.02° 10.40+0.00° 3.73+0.02% 0.55+0.00% 1.12+0.01% 3.17+0.01°
1.4 62.30+0.07°  7.37+0.05°  10.00+0.00° 3.68+0.01% 0.57+0.01% 1.0940.00° 3.15+0.01°

75000 1 30000 0451
£ 60000} £ 250001 - E 042}
© O 20000 I
I8 45 000 | b R 0.39
& 300007 0% - 08% ¥ 10000 0% - 08% & L
—o—0.2% —— 1.1% —— 0.2% —— 1.1% )iﬁ .
15000 e 0.5% <« 1.4% 5000 ——0.5% —— 1.4% 030+
1 1 1 1 1 0 1 1 1 ] 1 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
S /Hz iR /Mz SR /Mz

IE: a-fffEMiE (G'); b-HiUFERIE (G"); c-FERIMIEYIE (tand ),

Note: a - energy storage modulus (G'); b - loss modulus (G"); ¢ - dissipation angle tangent (tan 9 ).

1
Fig.1

PRFE A LY (tand ) J2& Ay o 1A A1 86 Pk i 2
SR BN tand [H MR A s R Sl
WA FRAEIE K, MiHGsR 1 05
LAY RAEE 1e, FTLIE ] tand<l,
IF HBEF AR ARG, B i FAE 5 Y tand #4
B S RN S SR I R X AT RS
T A BRI B B, SR/ M R £ 4B
BT 1T A9 D0 45 45 W) BT K, 3 B80T T A e PRI
W5 5% 2 s K A st , R A Y
FibER/N, MAE R — 23R T, 5K GOD
AT AR LG, ST GOD fTE A1H: tand (B A5 BT
FEAIG, JF HLAE GOD Wi Ry 1.1%H8 35 | Fe AR {H .

GOD X B/hEMEHMEEE (G ), HFEEE (G"), HRAEYIE (tand)
The influence of GOD on storage modulus (G'), loss modulus (G") and loss tangent (tan §) of black wheat dough

bl

XA —HAE TIE R R GOD Al LISk S /N A
Koy 1 AT A b B
2.5 GOD Xf 2/ 2 1 B A4 R 22

il VE TR ] B ) B S o A R . R EL A
FPePl, sk 3 pis, W% GOD Wy, 2
JINAZ A3 T P PR RE B e BEL T R A L 2 2
BB RS, SR, 24 GOD RN & it
0.8%I, DL FFEARYT H B[R] BE 1 T % . i B
iE RN GOD il SR /N i A Y R R,
TEPIE T 5 B, i GOD i A i i L
JIHE A JEVEREAR, A AR K RS,

3 GOD Xt R/ F L i 80 25 0m
Table 3 Effect of GOD on tensile properties of black wheat dough

GOD &l /% Fi i BE fE /(g mm) PLBH J1/g E J& BE /mm P e /(g/mm)
0 685.96+67.35" 41.56+4.89° 19.24+0.48% 2.16+0.30°
0.2 694.20+59.93" 44.89+2.15° 18.16+0.82° 2.47£0.01"
0.5 760.25+48.40° 46.26+3.17% 17.65£1.05° 2.63+0.29%
0.8 796.32+39.42° 52.75+1.79° 18.040.60%° 2.93+0.19*
1.1 758.67+88.32° 47.56+0.17" 19.26+0.68% 2.47+0.08%
1.4 713.98+37.57° 45.07+2.67° 19.77£1.37° 2.2940.29"
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XHE7RE GOD X A /INE Wy T AT 2R 5 1 25 [|) 45
PP T —E R, o-S85E N B (5 ke e
MRz —, WP TEAREE, BTSSR
R F B S5, GOD il i A AR I
A E TR, AAT o iR e B-1fr
SRR E, R a-B2ER B-HT BA SR
0¥ 1R A R A R R R AR BT s A AR 1k

~ ~ Tesoag o) o 1A%
3289852 925.91 TULSITL 5608 1%
\ A%
2924.73 1648.99 1 537,65\ |

3283.32 101459 o
. 0

328424292516 1630961 533.1 996.95
~ 0.5%

25.82 1648.42 X
32845729258 535 996.45

0.2%
BT Y T A
0%
996.79

4000 3500 3000 2500 2000 1500 1000 500
HE/em™

BEHR%

B2 A[E GOD FinEr B/NEHEFLI L E
Fig.2 Infrared spectrum of black wheat dough with
different amount addition of GOD

Bl 3 &R, 4 GOD ihnEH 0.8%. 1.1%.
1.4%H}, 5K GOD Mt , B-F% M AIxT &2k
WA T 30.28%. 28.75%. 3.32%, o-MREFAXT
EEARIEINT 126.08%. 124.60% . 18.98%, B-
Pr & X & /ARG T 18.78% . 17.22% .
26.19%, i JCHLIAS i AH X & WS 0, -1
BES B-IrE WA T, B-5 A5 TR
TCF4sH, TH AR A A5 R T R a E R R
HA IR % GOD RN N 0.8% WA ¥ 4544
ik 68.31%, JEH RN GOD i B /INAZ Hy i A 2K 1
RGN, A PSR A7 H B, B e A
e E MR, SRR GOD 1l IR /NE
Foy T AT R R R Y AR, I A T A A

5 Lo X RR AR AT Bl T i B A SR A 4l
MFENE. NI, EEIFI GOD Xfiss /A
Fo T PAT 14 0y B o LA RS AR T, o8 v A A
UGS ARG, AT A B SR T

O pAef B THANEH B o-igie M S8
100

80
60 -

40t

AR & 8/%

20

0 02 05 08 1.1 1.4
GOD# /%

E 3 GODxEB/NEMEEAZAR _REHRIFN
Fig.3 Effect of GOD on protein secondary structure
of black wheat dough

2.7 GOD XM ENEHEERES _MEMNZIT

T 125 20 A 5 B Y R VA T A AR A
HRFEE B R bR . ARTEIE] 4 AT, 78 GOD Wi
K 0.8%HHT , Wi B A 5 F iR B AR {4 3.14 pmol/g,
RN GOD X HR4H (3.83 pmol/g ) AHLL, I3
BT 18.02%. AR EW], UM GOD W] LA R HE
R AT P /N2 oy 1o A b A T B 1 i, I AR N b
B AR R, TR EE 1T AR 0y sg Bk
FERE, SRS 5e 2, XM AR T
g 1A A () A B S RN T e LA R 52

or [ WrRsg
g"s- [ -t
g4 2 b d a  d c
% d b € b c
3
1] .
) 2f
&
"1t
&
0_

02 05 0.8 1.1 1.4
GOD¥MINE/%

B4 GODWMEBNEMEEARES _HMESENZIN
Fig.4 Effect of GOD on the content of sulfhydryl and
disulfide bonds in black wheat dough
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¥y (B 5a), o T H P AFTER 2 B TR M
LREEHETE U £ 4 o A T 5 A AR TROW 45 )
TRAEXT g RS, HMELIE B 220 B TR AR .
b, TERY IR 5 T 2R 1 22 A A2 A R AR
H &l 5b~5d "]l [E GOD Wshns 3, T
R A B B4 SN R FLIR B b, T A
ARG 5] TRl S R ORI 2T 2 9l X
5 Hb A5 7 TR A DO 4% 6 b e UL I O R A
GOD ¥ i Bl T 235 1 Al B O 4544 o #l 18] Se~

d-GODO0.8%

e-GOD1.1% f-GOD1.4%

S AT%N, Y4 GOD Wit 26, &S E AR
1f FEACHR IR AR | AR 43 v A UKL B 38 R B TE S o
Ak, A GOD oA Kim it AL &<
T, XA MR A PR e 254, AN 1 A I 4%
G5 R 1 A R R R

ZE LT, 4 GOD [EsIE A 0.8%F,
/INZE R T A () TR W 85 4 5 Ry S8 3 R R % . iR W
I GOD WS U Ak 181 A5 (4 SO 23 4 4
e TR AT A o LA R A 1

\
5

X 4 5310um

© ¢-GOD0.5%

e BT Sk 3 25 R 70 L P AS KOO AR 254 S 27 4 L 1631 FATER Ay 8 A9 S
Note: The arrows and circle in the figure indicate the irregular network structure is fiber, and the round group is starch particles.
B 5 GOD X ZE/MEMEEHMLEHHIZIE (2 000X )
Fig.5 Effect of GOD on microstructure of black wheat dough (2 000 X)
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TR 1 A9 4K Y i i P A 2 B AN g
I BE A% AE e M AN T 2L, 7 22 4 2 1 ) = 22 5k T
TE A5 2 1 AR A L A T A A A2 ) S RS L R
BRNFEAGARAS o XN B A9 B R E A4S
B R T RE RN FUgE ool o1
100 kDa W9 2RGAFR R 2245 8 R EIE (Glutenin
macropolymer, GMP ) ", GMP J& HA7 ik Fid|
PERY SR B LT RN 5 2548, S T B A s v A
ERE IR, B GMP & & ST AR A . T i s
NELUE P | R A W IEAE OGP, ik 4T

I, GOD RIS FEAR 1 2 Wi a1 M A3 2R
FIAY & &, GMP & &K GOD ¥ iy Hg in 2 5

*4 GODMEBMEMHEAZAEA. ZEEH

BEEREBEBAREFNZM
Table 4 Effect of GOD on glutenin, gliadin, and
glutenin macropolymer of black wheat dough

GOD i FMHHE EHEA EEEHA:. ZFHAK
% [EE% HE% EREE BESE%
0 3.9240.01° 5.18+0.42° 0.76£0.01"  2.71+0.02°
0.2 3.71£0.06° 4.94+0.54° 0.75+0.03°  2.72+0.03%
0.5 3.66+0.03° 4.85+0.69° 0.75+0.02°  2.75+0.01°
0.8  3.64x0.01° 4.5240.62° 0.81+0.01°  2.86=0.04°
1.1 3.46+0.01° 4.46+0.27° 0.78+0.01°  2.82+0.01°
1.4 3.39+£0.01° 4.38+0.25° 0.77+0.01°  2.77+0.06°
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