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1 MBERE
1.1 MRS

1o 7 /N 22 B W 1 4 Vb Tl T b 4R 1A A BR A
KOG 13.1% , B B & i 12.2% (Nx5.7) , B i
T 2%,

WAERR A TR KB TR T &R R
1 I SR 37 ST VA o = s S S/ B o T 6 R
B R R, b R R A BR A,
12 UEHEH

Mixolab 7+ ¥ 25 & F¢ Pl 24X, ¥ [E Chopin
N7 s FreeZone ¥ R T4 #L , 35 E Labconco 24 ) ;
Brookfield CT3025K i #4 4%, 3¢ [E Brookfield 2
Al 3 H 3228 HAl i #X DSC-60 Plus, H A5
28 ] HRERE BE 43 BT A, B B Perten 23 7] ;DHR-2
RARIRAAL, FEE TA A 7 TGA 8000 #4
FAHTAL, B0 4 R IR BRIB A A PR 7] s HMJ-D3826
FHIBIL , IR/ BE HL 254 PR A
1.3 Ak
1.3.1 WAEWWEE ¥ CA p-CA GA SA 4l
2L 0.05% ,0.1% ,0.2% ,0.3% I 7 2 5 i 320 55 3
INZE R TR IR AT AR AR
1.3.2 T AIARARE (PR EORY BE A 2 A
25 mL ZE VB /K G TR G TH R IR AL R P L TR B B AR
iV TR K T 50 CHERF 1 min, FLL 12 °C/
min M ZE 95 °C, FfiJ5 PR HF 2.5 min 45 30 THE 2
¥, LA 12 C/min B HIZE 50 CIFAEEF 2 min,
1.3.3 T A AN AR 8T Mixolab 4 #1125
A 05 S S T A E ARG AR v R RN E A Y
PRI, IS A 8 15 2 80k IR “Chopin+ " F5 #E - AR
PR A WK o3 B i TH B AR LY T A A T,
IR T R S R 75 ¢, B ST T P L A E)
1.1 Nm, 30 CHE IR 1%+ 8 min J& L 4 °C/min ()5 FF
THEZ 90 °C, 144% 7 min, Z J5 LA 4 °C/min [ 34
AHIZE 50 C, [HIR AR 5 min, B> 7 i A 35 4
TR FFAE 80 r/min.,
1.3.4 HHEANGS 28 Day F200 J5 5T

YEMG e, FE AL A 100 g A 8 F1 60 mL
ZRWK T2 IR T A 5 min 75 2 2 06 W 89 mw
A, A e I f B2 % B 30 min BR K, TEATEE K A
{14 THT AT FH 25 18 K e % 2 0 1 KO IO AR
A5 S T A3 A FRE i, I T A BB T
T AR 2R LR EAT VR R TR BB R AT 80 H i
Je A5 2 I R
1.3.5 MR WA SERRE AR AR A
FEPEAR TS Ma P I ik R, # 1.3.4 9
il A5 1 Y T A9 ) O A B 3 g T A AR AR /D
BRI AR b, Al E R AR ENEE R 2 mm,
PVILkZRmmiEn, @& L FIFED R P A
FE Y1 R 7 Lk A B T, 7RO & B
B 5 min LUV T AR RS A . I SR
40 mm (8 JE - B A6 I 453k 25 °C, B 0.01~10
Hz,
1.3.6 AT AR R E R AR
PR 38 5 P A BT A (TGA 8000) A1 22 755 4 il i
AL (DSC-60 Plus) #4710 % . # 4l Nawrocka
S B J7 kAT IAE Ay A A5 B TGA ith 4k, JF
Pyris FAF 5081, K DR 7 2R 2 10 mg 2645 T f¥7 2 1
B, 10 “C/min FHEEUR WG R EE R 50 °C, 45
T 900 °C, 2% Wang 5P K I J7 3 FIAR ¥
1FEIRE AR DSC M4, KRR IT H :2~3 mg I/
AR, LS C/min M FHRE Z B 30 Chn
100 °C.,
1.3.7 1A B RO S5 A8 A e T A AR A B
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B BV A L BE B IR N 2SR 2 5
KV, BB 1R AT B AT 5%
1.4 HEHW

A RS A 3 WK, I Es O 4 E e An v
7% (ws ) K Fon . K SPSS Statisties 25 # 4%,
05 B AT I S AT

2 ZBR55H

2.1 CA.p—CA.GA.SA T B # 4k 45 14 #9 8 i
I CA p—CA [GA SA XHRA Ak 451 1

SO WL 1, VAR vT LA T A K BE Y, &
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JE I RAH ML FEREE CA I SA BRI /Y
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Table 1 Effects of CA, p—CA, GA and SA on the pasting properties of dough

WA AAF% ACERE/C EAEE A /min AL E fop  RAKEE Elep HabFEJElep R AL cp = A Af fep
Xt 1 0.00 67.68 £0.03" 644 +0.08" 3490 +2% 2602+ 12* 4173 +6™ 888 + 14 1571 £18*
CA 0.05 68.77 £ 0.43*  6.56 £0.04* 3318 9™ 2567 +30% 40315 751 £39* 1467 +30°
0.10 68.55 £ 0.43  6.55+0.04* 3231139 2460+35" 3916+33¢ 771 x21* 1456 +1°
0.20 68.20 £ 0.13"* 6.51 £0.04* 3260 +30® 2450+19" 3893+103 808+ 10" 1468 +23¢
0.30 68.83 £0.47° 656 +£0.11™ 3253 +£39% 2431 +34> 3892 +25 835 + 13* 1465 +6°
p—CA 0.05 68.00 £ 0.43™ 6.49 £0.04™ 3476+ 7¢ 2646 +42¢ 4239 + 106 930 + 24¢ 1593 £ 65*
0.10 68.03 £ 0.46™ 6.53 £0.01™ 3721 £47" 2809 +19° 4399 +22 915 £ 31¢# 1590 + 18*
0.20 68.07 £ 0.45%  6.52 £0.02% 3547 £26% 2622+ 64 4200 = 46" 882+ 18% 1558 20"
0.30 68.58 £ 0.49 6.51 £0.04" 348238 2545+9¢ 4062 +57% 919 + 17¢ 1537 + 42%
GA 0.05 68.10 £ 0.42™  6.56 +0.03* 3436 +48" 2624 +£27* 4200+ 12" 818 + 21 1559 +30*
0.10 68.32 £ 0.03"* 6.49 +0.08" 339357 2543 £279 4089 + 8 850 + 24 1 546 + 33*
0.20 68.01 £0.49* 6.49 £0.04" 3456 +24* 255321 4113 +£22¥ 903 £ 16% 1560 £ 5%
0.30 67.50 £0.05* 648 £0.02* 3441 +34* 253643 4091 +38% 915 + 4¢ 1545 £ 26*
SA 0.05 68.88 £0.42° 6.53+0.01° 3270+19" 2544 £40° 3942 +28% 712+ 36" 1398 + 13"
0.10 68.26 £ 0.03"* 6.43 £0.11" 3295+37" 2055+£32° 307847 1222 £22" 102325
0.20 68.30 £ 0.09** 6.52 £0.02% 334234 2062+30° 3067 +31° 1279 +5 1005 + 1*
0.30 68.33 £0.03"* 6.51 £0.04* 3290 £46* 204637 3753 141" 1244+£82" 1707 +18°

T R - BE R W 81 22 5 25 (P<0.05)
2.2 CA.p-CA.GA.SA X T Bl #4451 R i %2 Mixolab B & KNS HR &L
A Table 2 Parameter and meaning of Mixolab mixing
Mixolab A U [f AT ) FAMLAR 2 R | ELAAR
SRS LR 2 iR . W CA p—CA (GA SA
Ji XoT THT AT AU A= R P R 52 i L3 3, CA p—CA |
GA \SA 78 FT A I VR in et T 359 6t 25 18 Jon T 141 17

experimental instrument™
X A3
C, i ] /min K E| C, P E et e (d YR A )
AEE B /min - AL Coyy, 99 818 (8 H A5 B E])

WA, SRR — I EAEE R, w © LR
CA p—CA .GA SA J5 Iif 1 1 72 ¢ I 1) . 3 A 4 CoC A6 L SRR
) AL

(P<0.05) , K T 1 f — T i 14y o 0 JELAEE D T 1A GG
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HHHEA I EL MBS, BN CA p-CA GA

SA Je [l A= LRI Bt 8 o A4 3 w35, R0 4
ol By R ) I AAE — i R A E T JE A 23 1 A
HTHES (0T by W B I e S M v, 25 L RTIA BN
S e DA TR R 2 T R 49 2 o T AT ) AL A~
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& 3 CA.p-CA.GA.SA Xt H Bl # il i 5 F5 14 B % 11
Table 3 Effects of CA, p—CA, GA and SA on the thermal mechanical properties of dough

28 3 W ImZ % B K F % % A% B 18] /min A8 A ) /min - A5 JE AR AE1E/Nm = 4 15/Nm
X+ 8 0.00 61.06 + 0.06* 2.90 + 0.05™ 527 +0.11* 0.11 =0.05™ 1.06 + 0.04*
CA 0.05 61.47 +0.24" 3.20 £ 0.06° 2.94 +0.04" 0.08 = 0.03%* 1.55 £ 0.12%*
0.10 62.08 +0.12¢ 3.59 £+ 0.09¢ 2.49 +0.22* 0.06 £0.01* 1.51 £0.14>
0.20 62.33 £0.11 3.37 £0.15' 2.44 +0.21° 0.06 = 0.03* 1.58 +0.14
0.30 62.46 +0.12%* 3.58 £ 0.07¢ 2.67+0.11° 0.03 £0.01° 1.62 = 0.04*
p—CA 0.05 62.5 +0.10* 276 £0.11* 3.30 £ 0.07¢ 0.13 £ 0.04¢ 1.49 + 0.05™
0.10 62.5 +0.26% 2.80 + 0.04® 3.12 + 0.09" 0.11 + 0.05™ 1.48 £0.17™
0.20 62.53 £ 0.05%* 2.92 +0.03" 3.14 £ 0.20™* 0.10 = 0.02™ 1.52 £ 0.02*
0.30 62.63 +0.15° 3.01 £0.10 3.51 £0.05%* 0.08 = 0.03%* 1.52 +0.03"
GA 0.05 62.53 + 0.05% 3.19 £ 0.05¢ 3.89 + 0.06#" 0.06 + 0.02* 1.54 £ 0.03¢
0.10 62.88 + 0.08% 2.95 +0.09 3.77 £ 0.08% 0.09 + 0.01% 1.56 + 0.01™%
0.20 63.01 = 0.03 3.10 £ 0.06* 3.51 £0.16* 0.09 = 0.02% 1.59 £ 0.04
0.30 63.08 = 0.08' 3.05£0.14« 3.65+0.12¢ 0.07 = 0.02% 1.66 + 0.04%*
SA 0.05 62.57 +0.06° 3.01 £0.04« 4.63 £ 0.06’ 0.08 = 0.01%* 1.43 +0.02x
0.10 62.67 +0.11¢ 2.93 +0.04"> 4.59 +0.10’ 0.19 + 0.06! 1.43 £0.01°
0.20 62.72 +0.19¢ 2.94 + 0.05™ 4.20 = 0.23 0.11 +0.01™ 1.44 £0.03
0.30 62.67 +0.11¢ 3.02 £ 0.03¢ 4.08 = 0.06" 0.13 £ 0.02¢ 1.53 £ 0.04

T AN B 30 [ 91 22 53 4. 2% (P<0.05)
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FI 25 4 B 3055, R DL 3 i 2 R I 2
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HOmsH S YR REG B, WE 2 W LIFE
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b SR A RN [E A BT R, 4 2.2 AT
L TET AT RSO IR T BRI R AR SR B R 2 5
T A AR T A R - R A AR A A A
R & Lk BEOE R ARSI AR Y B A
T T A A 1 8 S R SR 1 R
24 CA.p-CA.GASAMHEHEAMNFEMR
sl

Tl 7 26 1R 5 B9 DSC A TGA 43 #r 45 343 51
mE 3 fE 4 pros, B3R 4 0H, SN p-CA
B T A 2 R PR i UL (T) 1 5 6T B4 A L
REAS , T B o A O ) 8, e A R 3 A T 2 i
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Fig.1 Effects of CA, p—CA, GA, SA on the elasticity modulus (a, ¢) and viscous modulus (b, d)

of gluten proteins
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Fig.2 Effects of CA, p—CA, GA, SA on the tand value of gluten proteins
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Fig.3 Effects of CA, p—CA, GA, SA on the thermogravimetric analysis (a, c¢)

and derivative thermogravimetric analysis (b, d) of gluten proteins
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Fig.4 Effects of CA, p—CA, GA, SA on the DSC curves of gluten proteins
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HE LA L i VS T 10 8 A 22 50 RIS 14 i 14
aH YL p—CA W LITE — @ BB b 42 0F 1 A 2
FIAYEAE AN CA .GA K SA JRHAE M T,
RRAL, 28 B T 7077 19X 45 1) 225 TR 45 4 A 7 el 2% | T

SR REAR, AR EAARECRIC Y, EHEA S L
Mo &5 BT BR p—CA LISh  H4 3 Rl R Y g
340 T, {5 AR T, 5, BEWTE AT REAR 1 1 A
A ARG P (0 v 9 5 38 55

&4 CAp-CAGASAXEHEBANFZHRIF M
Table 4 Effects of CA, p—CA, GA, SA on the thermodynamic properties of gluten proteins

DSC TGA
28 7 I E % : :

W R FE/C A e it B 2 /C TR R K%

T B8, 0.00 67.21 £ 1.66' 346.63 = 1.59¢ 67.44 £1.29"
CA 0.05 65.73 £ 0.30* 371.31 £ 2.55° 67.84 = 0.95°
0.10 65.32 + 1.13 373.67 + 1.14° 71.41 = 1.10°

0.20 62.93 £ 0.67* 37442 +2.16° 73.96 + 1.09%

0.30 63.21 £ 0.93" 374.35 + 1.46° 75.06 £ 1.16%

p-CA 0.05 66.09 £ 0.35 325.34 £ 1.72° 73.12 + 1.85¢
0.10 66.23 £0.17¢ 333.72 £3.01* 73.56 £ 0.73

0.20 67.09 £ 0.16' 335.35 £ 4.06 73.34 +0.03°

0.30 70.19 + 0.52¢ 343.86 + 1.94¢ 74.08 £0.71°%

GA 0.05 67.26 £ 1.09' 371.51 = 1.60¢ 71.32 £0.16°
0.10 63.49 £ 1.72% 375.87 = 0.56° 73.16 £ 0.39°

0.20 64.16 = 0.50"* 372.84 = 1.69° 75.29 + 0.60¢

0.30 63.35 £ 1.03% 373.28 +2.67° 74.76 + 1.02%

SA 0.05 61.40 +1.28* 335.70 £2.33" 67.68 = 0.04
0.10 63.18 £ 2.44" 364.70 £ 4.10° 67.56 £ 0.33"

0.20 65.06 = 0.92 366.21 + 4.06¢ 66.06 = 0.48*

0.30 63.67 + 1.98™¢ 372.99 + 0.60° 65.12 + 0.36"

TE AR5 B R0 [F] 91 25 53 35 (P<0.05) .

25 CA.p-CA.GA.SAMEMHEAMMEHH
=AU

SR R 300 A% 14 41 H Fe B 08 %3¢ 18 A 2K 1T 1Y
THOWZE AL, 25 Bl 5 o o T 28 11 52 0 — 4
Z AL AR 25, e B A i A 2R 1 LT
Hwm e JBAR Ko A A X B CA
p—CA (GA |SA J&5 T i 25 11 B AR 15 5 BU& i 30
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Fig.5 Effects of CA, p—CA, GA, SA on the microstructures of gluten proteins (x300)
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Abstract Four phenolic acids [caffeic acid (CA), p-coumaric acid (p—CA), syringic acid (SA), and gallic acid (GA)]

were selected and added to high—gluten wheat flour to investigate the effects of small molecule phenolic substances on

the physicochemical properties of dough. Rapid viscometer was used to determine the pasting properties of the dough,

Mixolab to determine the thermo—mechanical properties of the dough, rheometer to determine the rheological properties of

the gluten proteins, and differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) to determine the

thermodynamic properties of the gluten proteins. The results showed that the addition of p—CA at 0.1% was favorable for

the dough to maintain a high termination viscosity

(4399 ¢cp), and the addition of CA and SA inhibited the aging of
starch. CA, p—CA, GA, and SA could significantly increase

(P<0.05) the water absorption of dough and reduce the

stabilization time, among which the highest water absorption of 63.08% was observed when 0.3% of GA was added.
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However, the addition of the four phenolic acids also led to the disruption of the rearrangement of starch molecules,
which resulted in an increase in the degree of gelation. The overall viscoelasticity of gluten proteins was increased by the
addition of CA, p—CA, GA, and SA, and all three phenolic acids, except p—CA, resulted in a decrease in the thermal
stability of gluten proteins and a weakening of gluten strength. Finally, the microstructures of the doughs also showed
that the addition of CA, p-CA, GA, and SA disrupted the originally homogeneous and dense microstructure of gluten
proteins, and the extent of the disruption increased with the increase in the amount of phenolic acid added.

Keywords wheat bran; phenolic acid; dough; gluten protein



