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Effects of Azodicarbonamide on the Rheology of Wheat Flour
Dough and the Quality Characteristics of Bread
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Abstract

Effects of azodicarbonamide (ADA) were investigated on the rheological properties of flour dough by
measuring farinogram, amylogram and extensogram based on the amount of ADA added. Quality characteristics
of the bread made with the ADA added dough were also evaluated by measuring dough volume, moisture
content, pH, proofed time, baking loss and textural characteristics. The farinogram showed that water ab-
sorption, stability and elasticity of the dough with ADA were higher than those without ADA. However, its
absorption time and weakness decreased compared to the dough without ADA. Through the amylogram, it was
found that gelatinization temperature and maximum viscosity increased, but temperature of maximum viscosity
reduced in the dough with ADA. The extensogram showed that the area and resistance of the dough increased
slightly but extensibility decreased drastically after fermentation, resulting in the ratio of resistance and
extensibility (R/E) of the dough with ADA was lower than those without ADA. The bread prepared with the
dough containing ADA after freezing up to 12 weeks showed higher pH and specific loaf volume but lower
moisture content, second proof time and resistance than those without ADA.
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A& AF8-3te] -SH7| & -SS- Ao 2 Abs}slo] whulg B
)& XA Zlch o7 Awpol s AR vl ALz B
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Farinogram 54 : Farinogram(M81044, Brabender Co.,
Ltd., Duisburg, Germany) 2% AACC % 54-21(20)]]
w2} 300 g9 H7F5-ol ADA(azodicarbonamide)& zHz} 0,
15, 30, 45, 60 ppm-& A 7}3lo] REE2] F-48 F4= A7k (de-
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10(20)efl whe} o} 2 12 L (ASG-6, Brabender Co., Ltd.,
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Table 1. Dough formulation for the bread with azodicarbon~
amide

Ingredient Content based on flour (%)
Bread flour, 14 mb 100.0

Water 59.0

Yeast, compressed 55

Sucrose 6.0

Non-fat milk powder 3.0

Salt 2.0

Shortening 4.0
Azodicarbonamide Variable

¥} 7o) Karel 5(21)¢] v A% Y% 934 (frozen

dough method)$& Al4-3l4.2.9, ADAE 24 0, 15, 30, 45,
60 ppm-& A bt Al T4 wl s 2 A A 7hA]
L3t HEE %5 20°C£0.5°C, floor time-a 0~10%, vt
S FAE 490 g2 E85e -35°Coll A 3087 345 3%
71(SC2, Castel Macspa Tecnomac, Veneto, Italy) 2 W%
¥, Zejuld AR Egste] -20°C YEISC2, Castel
Macspa Tecnomac, Veneto, Italy)ell 22} 05-(244171), 15,
25, 45, 87 H 12 AHAste] Algslgicl TRl wat
5°C B el A WS 1247 S F F, Aol UbE 2%
S 20°C7HA AEAIA A Eoll 490 (8340 377 1) 9
Jate] L% 38°C, % 859%9) WA ]2 23} A ¥, 200°C
o] A7) eBofA 3087 T4 Aol 147 ek opS
ol & Feluld EAR o o] A4 Bt AmnS
AHg-3lgi et

22118 A7 Y pHS4 : -20°C Y5 o 22 05(24

AZb), 155, 25, 4, 85+ W 12F A A4g W& vE8 5°C
WA A HE-E 12473 5 F, Aol ulE L
20°C7}A] AbAlA Al Sof] 490 g(42 8] 3.77:1)2 =
3l X% 38°C, $ 12 85%2) A | A 231 R A7
A3t} A 52 pH 342 pH meter( ¢ TM 300 Series,
Beckman Coulter Inc., Fullerto, USA)E o] &3l 77| 3}
A& A Fol AFE 10 g H3) 250 mL v]AC 92 100

m{o ol

mL FR5E b Fds £9 F A0,
S¥ W% % B8R 37 AF 27 TS 2

1A]7E %ol =% £4]7](Model MB45, Moisture Balance,
Ohaus Co,, Ltd., USA)& AH&3le] 105°Col 4] 34| 7} A 24
7= Wl e R SR AF) v gA L F) 1A% ¥
of FrAME AHET FA XY o2 AF) ¥ E 243}
o 57 ¥ FHoR2 UF g A3k

Crumb softness : Crumb softness® ¢ 3 0964
7 %), 24,49, 69 7t o2 A F-G Ao Haiw A
Rheometer(Model CR-200D, Sun Rheometer, Japan)el] 2
7do] 40 mm?] adaptor3 Ab-&31e3, adaptore] 24l A=

10 mm, 7] A4 ) #Hd) e 4kg o= T A &, A 52
A EE 23] A% ukE 2H3)od A2212 9 7, Rheometer

2 maximum weight®} distance® &7 3}°) strengthS A
Absta Ax g Fslgich
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EA A2l : EA EAL Statistical Analysis System
(SAS)(22) &A packageE 243t B4 24 (one-way
ANOVA)E A A& 3, 7 Al 5719 {994 7352 p<0.05
o2 WAe o ¥ A ¥ (Duncan’s multiple range
test)& AHS-31% T},

Farinogram £4
L7+ W5 A=A ADA 3782 =2He) 8 farinogram$)
54 32 Table 29 Zo}. F4-8-8 277} 65.1010.16%
ol12v}, ADA 30, 60 ppm H7F= 77t 65.57+0.19%,
66.7010.16% % A7} vl go) 2o 48 F4go] Zobsl
Aol e, dizTe} v walod wr—V—M Aol 7k vebg
t}. F AZHe dlE2F 7t 353£0.198 01901, ADA 60
ppm H7HPE 2501008222 F7} vl go] g4 7}
23t P EE R} 1250 70,0880] 91 o1}, ADA
15 ppm H7HH-E] 18% o[4ko 2 S o] Bri5sgct ok
5tx= 217} 45.0040.82 BUI 921}, ADA 15 ppm 3
V= 1467£047 BUZR, ¥b3E A 73} ukzso] )3k 2] 514
of 712% ¥ ¥ Ee d 277} 58672094 unitse] 1.2,
ADA 15 ppm 7} 66.00%1.63 units2 A7} v]go] =
7Vl w2} Z7hekal 2o, ADA 30 ppm o] A7t
o A3 ko] 1,000 BUE HoiA &4 o) Brbslelon,
Zrzbe] b dzTeh wjaste] folxal 2po st e}
Wt o) o) A el WrkE wkE A2 4] ADA A7) wlg
1 F7HESE USY F48, A 29 AHEE F)el g,
g A7k st e AFashE 21 4 5 ek o) )

5 i 9] 27)9] -SH(thiol group)7]7} AF3ks] o] -SS-~ &
s G ozA 5 AH T ZUkEE 8908 A
Ztgl e}, o] = ADA$} gluthathione 2] 1 &3t Az} el o) A7}
7ot e ZHE bk Tsen(23)o] Bastgict.

Amylogram 5S4

ArHE ubS A 2] ADAS] H7beE-S 2el ¥ amylogram
EA 3t Table 3% 2} 33704 25 & 2171 54.90
+0.29°Col 521}, ADA 60 ppm A 7F1E 58.03+0.12°CE.
A7b o] F7ME4E Zolsldo) A3 AR 258 o
E77} 86.23£0.05°Col %l 2}, ADA 60 ppm 7= 8493
T0.09°CE A7} vl fo] 22 ZHastgdn) =g 1
HAr= WE2T7} 475.00£4.08 BU 2w}, ADA 60 ppm
A7} 1E 521332262 BUZ A7} v]go] Z2rhgas =7}
skick. Z47ke) A7 2o} niaste] o= ql 2o
7h Hebgtet. o] o] Ag oA QoL ukE A2 A ADA A
Zhulgo) S8 58} fA 2o A HEE )l
3, H3 HEA 2EE FAaHE AL & F dodrk o=
U7hE we A2 RE fadsts #9940 49 glutathi-
onee] T ¥z} A5 7kef vl g At} viA) Atz
A A H-Sel o3 HEe Ei} NA 2=, Hugds g
A3 FEA 2xo 71" Aoz Azb=E(19),

Extensogram £4

WU7FE Wb AlZEA] ADAY AHreES 2l dl extenso-
gram =4 %kf Table 49 2o} U739 & vehl =
WALt 27 AAIZY 455 90F, 1358 <A 2+2} 167.0
+£2.2 em’, 1700116 cm? 1633112 em®2 W& A7 905
= 4587 vlaste] RiAe] Frlstgl ot 1358l Fa

Table 2. Farinogram characteristics of the dough with various azodicarbonamide contents

Azodicarbonamide Water absorption Development time Stability Weakness Valorimeter
(ppm) (%) (min) (min) (BU) value
-0 65.10+0.16"? 35310.19° 1250+ 0.08" 45.00+0.82° 58.67+0.94°
15 65.20+0.16™ 3.47+0.05° 18<° 1467047 66.00+1.63
30 65.57+0.19° 3.00£0.08° 18<* - -
45 66.47+0.257 2.97+0.05° 18<® - -
60 66.70+0.16° 2.50%0.08° 18<® - -

Mean*SD based on 3 samples.
?Means with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 3. Amylogram characteristics of the dough with various azodicarbonamide contents

Azodicarbonamide

Gelatinization temperature

Maximum viscosity temperature

Maximum viscosity

(ppm) (°C) (°C) (BU)
0 54.90+0.29"? 86.23+0.05% 475.00+4.08°
15 56.37+0.09" 86.17+0.05° 489.67+1.26°
30 56.50%0.05° 85.77+0.05° 501.00%2.94
45 56.70%0.05" 85.50+0.08° 516.67+2.36°
60 58.03+0.12° 84.93+0,09° 521.33+2.62°

Mean‘*‘SD based on 3 samples.

“Means with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 4. Extensogram characteristics of the dough with various azodicarbonamide contents
Azodicarbonamide Area (cm®) Resistance (BU) Extensibility (mm) R/E ratio
(ppm) 45 90 135 45 90 135 45 90 135 45 90 135
0 167.0 1700 1633 603.3 6643 681.7 2047 1913 1790 3.0 35 3.8
£22"7 +16  +12 47" £33° 245 F12° £26 08  *01° +00 +00
15 175.0 -~ - 763.3 1,000 1,000 170.0 - - 45 - -
+1.4° 47 < < +16° +0.0*
30 - - - - - - - - - - - -
45 — — —_ - - — - — - - — -
60 — _ — _ —_ — — — — —_ —- _
1)Meaan‘SD based on 3 samples.
“Means with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.
dhith. ADA 15 ppm H7HFE & A1 4580] 1750514 sogram 24 o] Brpsstdch o] WrkE wkEA] F24 ot

folgl ot WA A7k 908, 13583 ADA 30 ppm o} A
H7HE &7 WS YoM S4o) Brbssln Mg s
£ &7 A A2 4589} 13580 7+2F 603.324.7 BU,
6817124 BUR & AZbo] £713te) wia} Z7}1sgich.
ADA 15 ppm H7F& A A7 45%0] 7633147 Wi
Al ZE 9085 13532 1,000 BU oj4ro.2 vpehyton gz
o} vl aLate] §-2) & Q1 2o} 7} vhebytr}. 9 ADA 30 ppm
ol A bt el A A1z A 1,000 BU oo
veht S0 Brbseiginh AR s 2 HE Azt
45+ 90+, 1358-llA Zr2} 204.7+£1.2 mm, 191.3+2.6 mm,
179.0£0.8 mmo 2 "WHE A Zko] Z713of ube} 7+ 4319l o)
ADA 15 ppm H7}= & A 7F 45594 170.0+1.6 mm
2 2T wle) zpastgl ot R A 908, 13583
ADA 30 ppm ©]4 A7V &R o] Br538kgdch 3k A
FES ALER v g Adee 270 2E A7 45
3} 15584 27t 30201, 3.8£0.00 2 WrR A 7ke] =
7}kl wpe} F7bslgdl o, ADA 15 ppm H7MFE HE A
ZF 458014 4510002 32T v]e] Zr}sled ot wE
A7k 904+, 13583} ADA 30 ppm °]4 A7} = A g et
A Egre] Ao Erlste] A en)e A4b=E A] gt o)
4] A¥elA ADAE AH7FE HEE2 8 A7) 4586l 4]
c‘ri;d A) ZOLEQ,]. z—] 3’1—1:1]_‘:. 2:7}_3-]._7_/_ x—} 2‘515‘_—-_ 7‘}-_/!:5]_‘5 745_’_
o 9= 9lsdvh. o]+ farinogram} 72L& 1910 2 Qlste] A
o) gro] Srkete] o AR S3o) Rrhgh e Azt
o} Tsen(23)ell &8} ADA 20 ppm ©]4 A 7FA] exten-

WAl ol 9li= -SH7| 2 ADAY} -SS-2 4b3}sle] A5 s}
1,000 BU o]4+ 5o &3 o] Erp5-3lrte Bue} Fdsic
=A% g 7 Add o, £ AFede AR} X8| (R/
E)x 2 A3rt Jeldrh

2A Wz Azt

7L 9k A FA] ADAS] Hobeke delsle] Yr uks
£ 05(24417D), 157, 25, 457, 8, 125 531 -20°CollA] A=A
A B, Y F, 23 U A7 243 AFE= Table
5o} 2ot WF A% 7)1k 059} 1257-9] 23} HE A7k B2
T7} 2+ 60.00+1.63%, 104.00£0.82%-0]% 2.5, ADA 60
ppm H7HE ZHzh 52.33+10.94%, 89331047802 WE
XA 717ke] SRS F 23 R A qbo] Frhsbe A Fo)
R-2wl, ADA H7tefo] E71E 45 23 1 F X 7bo] 7H4 )
+ A¥elt. Ao HArbte g2 79 vl wsle] 94

513
=

Azt

Al Zpolzt vhebgrt. o] 4} A eA WE AR 7)) 2
748 22 R A 7ke] F71sk, ADA A7) ulgo] &7}
S8 2 WF A 7] 2kellA] 23 HE A 7bo] FHAaE =
e & 5 AN o= tFo] WF XA 7|7kl upe} Abd
g & 2ol A WZ3) glutathione®] Z7}1(1) = glutathiones]]
Ag= 1 e -SH71 ] F7 el o) 23} wbE X 7ro] Z7}
g Ao AztEe 43l Q] ADAE H 4ol wel Ao}
o] Z71d 4 E -SH7 7} -SS- Ago 2 Akslst 271 o)
e YE 7‘1"‘ 717kl A 22} A A ZFo] b A" Ao A

XN
Z+1£3(19). Tnoue} Bushuk(12)2 WE w39 A& 7]7)
o] 7142 2 wkA A)Zbe) Zr)slddvlT Bowskgdc),

Table 5. Changes in the proofed time of the dough with various azodicarbonamide contents during frozen storage

(Unit: min)
Azodicarbonamide Frozen dough storage (weeks)
(ppm) 0 1 2 4 8 12

0 60.00+1.63"%  67.00%0.82" 77.67+1.25° 80.33+0.47 90.00*1.63" 104.000.82°

15 57.00+0.82° 66.17+0.85% 76.17+0.85° 78.671+0.47° 8567+0.47° 99.33+0.47"
30 55.67+0.47% 64.8310.24™ 74.67£0.47" 77.67£0.47° 79.33+0.94° 95.00£0.82°
45 54.67+0.47 64.33+047° 71.00£0.82° 75.67+0.47° 79.00+0.82° 92.33+0.94°
60 52.33%0.944 62.00+£0.82" 65.33£0.47° 68.000.82" 77.33£0.47° 89.33+0.47°

1)MeanﬂLSD based on 8 samples.

"Means with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.
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T A 23 AFY) $8 ke oz} 7 37.33£0.12%,
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golglrh ol W uhE2 W AA 73] IS
BE Az 93 AE] 8 Fukel " Hlog AztE
Aot BE wE9 &% AN st dojukArt u
A o] ol A F] i ko] FriE ¥F A 712
of W ol Ao)rt vpehdA] oL Zloew Azt
HI8A
oL E wkE A 24 ADAS] H7bekE 2elste] BE v
FZ 05 (244170, 15, 25, 4%, 8, 125 54+ -20°CellA
AR A o E, A, 23 A F A zste] AF v]8H
4 248 A Table 85 &t 0594 127 &<t W5 A%
F Az A w8 27 47 5042004 mL/g,
4.07+0.02 mL/g°] %l 2w, ADA 60 ppm H7}+& 27} 5.39
+0.01 ml/g, 4.31£0.07 mL/g 2.2 §& A3 7|3k} S48
F2 A F9) v §A 0] tastgl on, ADA Hrteke] F/13
2 A F v 4A L Frhste A ol d o, T2t v
ate] §-22l AFo] 7} vhebtet. Inouet Bushuk(12)2
FubEe] AA 7)7ke] F/ g5 u]8H o] At
Bastgich o]kl AgoA FF AA 7| be] St eF
A F2| vlg-= o] ZFadta, ADA A7l ujEo] 7T 2
2 WE AF A7 A vl e) FhE = AE 4 5 AR
t} o] ADAS vFSo] Hrlgre 2 y;}u_l}z) Pl = Y glu-
tathione®| ~SH71 & -SS- A o2 415l3te] 258 bzl
o) AR 3} 7k BfH-H o) F748ha oven spring©] 53}
of W]g2o] F7hd Zlo 2 A= ch(118).
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Table 6. Changes in the pH for the breadmaking with the dough containing various contents of azodicarbonamide during

frozen storage

Azodicarbonamide

Frozen dough storage (weeks)

(ppm) 0 1 2 . L4 8 12
0 5.30%002"2  532+001° 5.35+0.02° 5.36+0.02° 5.400.01" 5.50+0.02°
15 5.334+0.01° 5.34%0.02% 5.36%0.01° 5.38+0.01% 5.42+0.03° 550+0.02°
30 5.34%0.01" 5.360.02™ 5.37+20.01° 5.40+0.02% 551£0.01° 5.54+0.02
45 : 5.36+0.02° 5.38+0.01% 5.41+0.01° 5.42+0.01™ 552+0.01° 5.56+0.02°
60 5.40%0.01° 5.4110.02° 540+0.01° 5.4410.01% 5.53%0.01° 5.58+0.01"

YMean £ SD based on 8 samples.

“Means with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 7. Changes in the moisture content for the breadmaking with the dough containing various contents of azodicar-

bonamide during frozen storage (Unit: %)
Azodicarbonamide Frozen dough storage (weeks)
(ppm) 0 1 2 4 3 12
0 37.3320.12%%2  37.37+0.05° 37.55+1.00° 37.54+0.49° 37.57+0.147 37.85+0.04°
15 37.27+0.23° 37.37+0.12° 37.44%0.16° 37.43%0.26° 37.53+0.18° 37.63%0.17%
30 36.80+0.68 36.9340.09% 37.10+0.04% 37.32+0.13° 37.45+0.04° 37.50+0.08™
45 36.52+0.55° 36.87+0.02% 36.96 +0.06% 37.27+0.17° 37.39+0.11° 37.47+0.05™
60 36.46+0.58° 36.71 057 36.88+0.11° 36.91+0.05 37.11+0.28° 37.33%0.13°

“Mean+SD based on 3 samples.

PMeans with different superscripts in a column are significantly different at p<0.05 by Duncan’s muitiple range test.
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Table 8. Changes in the specific loaf volume for the breadmaking with the dough containing various contents of azodicar-

bonamide during frozen storage (Unit: ml/g)
Azodicarbonamide Frozen dough storage (weeks)
(ppm) 0 1 2 4 8 12
0 504+004"?  473+0.01¢ 466+0.02° 455+0.01° 4.46+0.02° 407+0.02°
15 5.08+0.01° 4871004 478+003" 471+005" 453+0.06° 412+007°
30 5.13+0.06™ 494+0.03° 493+0.02° 475+0.05% 4.6310.03 4.28+0.06
45 521007 5.04%0.02° 494+0.04° 4751003 4.66+0.02° 4.32+0.02°
60 5.39%0.01° 5.08%0.01% 5.02%0.06° 4.84+0.04" 4.62+0.03" 4.31+0.07°

YMean+SD based on 3 samples.

IMeans with different superscripts in a column are significantly different at p<0.05 by Duncan’s mulitiple range test.

Table 9. Changes in the hardness for the breadmaking with the dough containing various contents of azodicarbonamide

during frozen storage

(Unit: dyne/em?

Baked loaf  Azodicarbonamide

Frozen dough storage (weeks)

storage (day) (ppm) 0 1 2 4 8 12

0 34.0+05"  346+03 425+04° 422+03° 51.3%0.0 78.81+1.2°

15 33.0+0.8" 337107 372+1.1° 416+0.7° 51.1+0.6° 67.610.9°

0 30 32.1+05° 334£0.3° 35.1+0.7° 39.4+0.7° 495+0.9° 64.410.5°
45 24.9+0.8° 32.7£0.4° 32.8+1.4° 394+1.1° 422+06° 61.4+1.1°

60 23.310.4° 27.2+0.6° 320*11° 37.5£06° 37.4+0.7° 495+1.1°

0 475+06° 75.7+0.4° 78.0£0.5° 83.1+1.0° 86.7+0.3° 105.1£0.7°

15 46.2+0.0° 66.210.5" 67.4%0.9° 709%1.1° 716%0.7° 983+12°

2 30 457405 62.7+0.8° 63.810.9° 60.7£0.9° 69.3+0.9° 79.8+0.2°
45 41.7+095° 51.5+0.7° 57.1%+05° 60.3+0.9% 67.4+1.2° 786+0.6°

60 39.240.6 489+0.8° 524%05° 58.6+0.5° 62.1+09° 689108

0 55.0+0.1° 91.3%£0.1° 98.0%1.2° 1025+05° 109.9+0.6° 1143+0.2°

15 54.7+0.6% 754+0.8" 78.9+0.6° 80.5*0.6" 1055+0.2° 103.7+1.0°

4 30 53.8+0.5° 67.8%1.4° 770%0.1° 778+1.1° 95.2+06° 987+0.2°
45 51.8+04° 65.8+0.9° 70.1£0.9° 747%1.1° 853+1.1¢ 97.410.7

60 499+0.7° 56.9£0.4° 64.4%1.1° 69.4+0.6° 77.4+0.1° 889+0.9°

0 76.1+0.3° 113.3+0.1° 117.6£0.7° 120.7+0.3% 126.1£1.1° 139.7+0.9°

15 72.2+05° 112.7+0.9° 1139408 106.1£06° 1169+0.9° 129.7--0.7°

6 30 714406  110.1%1.0° 90.7+0.9° 101.80.8° 108805 123.6+0.7
45 7031089  101.7%0.7° 87.1+08° 99.0+0.4° 108.4%+0.6° 119.4+029

60 655+0.7¢ 94.7+0.8° 849+12° 92.6+0.8° 98.0+1.0° 106.9+0.1°

PMean*SD based on 3 samples.

“Means with different superscripts in a column of each baked loaf storage are significantly different at p<0.05 by Duncan’s multiple

range test.

Crumb softness
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