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Effects of chemical additives and heat treatment on the baking properties of wheat flour dough

Ji-Eun Lee, Bong-Kyung Koh
Department of Food and Nutrition, Keimyung University

Abstract

Effects of various chemical additives and heat treatments were investigated on the wheat flour doughs and
breads. Ammonium ferric citrate, Ca-citrate, CaCl,, FeSOs, MgCl, and ZnO were mixed respectively to the
flour up to 0.1% of flour dry weight basis. Ammonium ferric citrate and ferric sulfate showed no significant
effects on the dough properties and magnesium sulfate, calcium chloride and zinc oxide increased elastic
properties and optimum dough mixing time. However, calcium citrate and magnesium chloride showed no
significant effects on the dough mixing properties. Most of chemicals were detrimental on the bread volume
except MgSO; and CaCl,. Breads with MgSO; and CaCl; retained the equal or slightly higher volume
compared to control bread. Crumb and crust colors of breads with addition of chemicals were changed to
lighter than that of control bread. L values both of crumb and crust increased with addition of chemicals

except Ca-citrate. To inactivate the endogenous enzymes of flour, flour was roasted under electric oven, exposed

to UV and microwave. Those heat treatments of flour increased dough stability and produced no dough
breakdown after optimum mixing time. However, bread volume of heat-treated flour decreased.
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Ao AFEE WIHR(EY EHA, Ao, &
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Levure-instant, France) % £EY (LI 245 EY-200,
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Chemical Co., Germany), Ammonium Iron(Ill) citrate
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(Oriental Chemical Industries, Ca-citrate

(Junsei Chemical Co., Japan), CaCl, (Duksan Pure

Korea),

Chemical Industries, Korea), KIO; (Junsei Chemical
Co., Japan), FeSO; (Kanto Chemical Co., Japan),
MgCl, (Shinyo Pure Chemical Co., Japan}$} ZnO
(Oriental Chemical Industries, Korea):= A&l A T
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Dae Hung Co., Korea)ollA] 1A]ZF #&st § &
200°C, olg} E 190C® 242" 2 E(Softmill, Dae
Hung Co., Korea)oll A 18%-7F 9t}
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Table 1. Formula of control wheat flour bread

Ingredient Baker’s% Batch
flour 100% 300 ¢
water 65% 195 ¢
yeast 1.8% 53 g
sugar 6% 18 g
salt 1.5% 45 g

shortening 3% 9¢g
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=
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2 9 RS 47 Azt £347] (Analytical
Mill, IKA Works, Inc. Japan)E o} &3] 2% FH=
e & W AAo Mg ZHsHrE M= Color
and color difference meter (TC-3600, Tokyo Denshoku
Co., Japan)E Al£3la] L(lightness), a(redness), b
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ez e AT

7. SHAz

A Ao BHL SAS EA Zzaa'"We o8
sl ANOVA EAE 193, Duncan’s multiple
range test® A 879 FYxE AFSHATH

m. &2

i
.
gt

1. sk=h oMol & &3t

MixographE o] &8t HEL Zrgo] w9 &4
of HXEe TS XA 2 BHEY ZE
18] AP 0ppm7HA F7HekA &
7 go] W= EAL Atk g2 dE=74
asted Z WEE glegd ¢ F At BN LF

- 121 -

<1l
oft
ol
(78]

2 Z3Rgol A uEe) pH} HYskE =
FFd e PadFR ogst ZI(-S-S)o &
slow acting Az o)z ag

qAE= qEFS BHEN ZEo] mixogramo] A
o2 YJEhA e AL 2 AFNANE &
2

¥

2
-

]_

weh rlu = & @ orlo
AN ok
I
i

4o

p It}
xQ
®

ZF= ammonium ferric citrate®} ferric
sulfate2 W7FE A 0.1% FA7Este wrE B4
= 9gs A A7 Fig. 29 Yekd diel 2
T FE AR &
& Z+= MgSO,, CaCl, ¥

!
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Fig. 1 mixograms of wheat flour doughs with addition of
KBrOs.
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Fig. 2 Mixograms of wheat flour doughs with addition of chemical additives.
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Aol w3 wgol FA3 gL Ak
Fimey 572 459 Cu 0|2 2t 4B g A7
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Table 2. Specific volume of breads with addition of chemical additives

conirol KBO; “’“fe“;flc“““ Ca CaCl, FeSO, MgCl MgSO; ZnO
30ppm citrate 0.1% -citrate 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%

e . (]
429" 4.60° 4.12° 426° 4.30° 426° 4,15° 432° 2.91°
0.04)” (0.02) (0.18) (0.04) 0.23) (0.08) (0.06) (0.10) 0.11)

Y Different letters are significantly different (p<0.05) by Duncan’s multiple range test.
2 The values in the parenthesis are the standard deviation of 3 times of experiments.
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Table 3. Hunter’s color values of breads with addition of chemical additives

control KBrO; ?r?:szl;: Ca CaCl, FeSO; MgCl, MgSO, ZnO
30ppm 0.1% -citrate 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
crumb
LY 63.0 64.8 64.7 62.8 66.2 66.2 64.3 63.7 65.4
(0.38)4) (0.61) (0.50) (1.40) (0.06) (0.85) (0.72) (0.39) (0.36)
22 -21.8 -23.1 233 221 20.7 21.7 223 -20.8 21.1
(0.61) (0.85) (0.88) (1.87) (0.68) (2.15) (1.66) (0.40) (0.39)
b -1.6 0.6 -1.6 -2.5 04 -0.7 -1.1 -13 -1.2
(0.24) (0.30) 0.32) 0.92) 0.15) ©.61) (0.38) ©.1) ©0.51)
crust
L 542 58.3 58.6 56.2 57.0 555 58.6 57.4 59.0
0.57) (0.53) (1.16) (0.40) (0.36) 0.72) (0.15) (1.10) (0.20)
-29.0 -25.0 22.6 254 -25.7 -27.5 -22.8 -23.5 -22.9
a (0.84) (0.42) 0.52) (0.74) (1.10) (0.38) (0.25) (1.71) 0.32)
b 2.8 47 53 3.9 4.1 2.7 5.1 4.2 6.5
(0.88) (1.55) (0.35) 0.25) (0.25) (0.20) (0.35) (0.56) 0.91)
"L : Lightness. “ a : Redness. ” b :Yellowness.

» The values in the parenthesis are the standard deviation of 5 times of expetiments.
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Table 4. Specific volume of breads with wheat flours which were roasted, exposed to microwave and UV light

control KBrO; microwave uv roasted flour
30ppm Non-R" 13% R 16% R
434> 4.66" 3.57° 3.80° 3.90° 2.55' 2.85°
0.02)" (0.04) (0.25) (0.05) (0.09) 0.02) (0.03)
YR : re-hydration,
Different letters are significantly different (p<0.05) with Duncan’s multiple range test.
The values in the parenthesis are the standard deviation of 3 times of experiments.
gy Cad} MgS 47t Zr= calcium citrate®} MgCl,
+ W5 Aoy gdd TR e UEhiz|
ettt ol Rule] mAs GFS 0.1% MgSOst
CaCL7t BEN 2HE A8 A7heA 2o a7y
o %3 B3P B AAN BEA 2E} e AF
AZAMEY 7es dIsIeH, &g AV B
3 ZRA] A& BF URFEG o Hopd R
7ket gstEvtA S0l W Mg WA e AL &

Fig. 3. Mixograms of wheat flour doughs which were
roasted and exposed to microwave and UV,
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9 gl S8 Fpon},
MgSOs, CaCl; & ZnO: ¥t
HAMZAIZHE AZAA

ammonium ferric

%‘"éi}% 2] 2]

Stz B85 2] A|2078 A 235 (2004)

A F AUt

7S] WAE §45 B sk
22429 UV 4 microwave RAME H7lEE 33
HEAZME 236le] AlE BSEe R FAuEAL &
w0 g staAde] AR shA &2 R ¥

stel grasol wEe) agge) FIHAOL, I
U YRR AxE B st hrTol vl
900 A WY dPHS FIND T
Qo By ¥3 bl Tl Lok

2Atel 2

ATE IFAGAL AU $5FAFRA L
oq;L(Jerﬂ W35 R05-2000-1-220-00-008-2)2] A2 %
ol FAPEH Y.

it

o

aFEE

. Kulp, K : Oxidation in baking processes. AIB Tech.
Bulletin, 3:1, 1981

. Hoseney, RC : Bromate-What does it do? p.178, In:
Proceedings of the 73rd Annual Technical Conference.
American Society of Bakery Engineers, Chicago, IL,
USA, 1991

. Panozzo, JF, Bekes, F, Wrigley, CW and Gupta, RB :
The effects of bromate (0-30 ppm) on the proteins and
lipids of dough. Cereal Chem., 71:195, 1994

. Atwell, WA : Wheat flour. p.80, Eagan press, St. Paul,
Minnesota, USA, 2001

. Ranum, P : Potassium bromate in bread baking. Cereal
Foods World, 36:253, 1992

. Dupuis, B : The chemistry and toxicology of potassium
bromate. Cereal Foods World, 42:171, 1997



10.

11.

12.

13.

14.

15.

16.

17.

18.

. Giesecke,

o]x]Q_ .

T

AG Identifying factors affecting bromate
residue levels in baked products: preliminary studies.
Cereal Foods World, 45:111, 2000

. Koh, BK : Safety and replacement of potassium bromate.

Food Sci. Industry, 29:23, 1996

. Kurokawa, Y, Hayashi, Y, Mackawa, A, Takahashi, Y,

Kokubo, T and Odashima, S Carcinogenicity of
potassium bromate administered orally to F344 rats. J.
Natl. Cancer Inst., 71:965, 1983

Thewlis, BH : Fate of potassium bromate when used as
a breadmaking improver. J. Sci. Food Agric., 25:1471, 1974
Osborne, BG, Willis, KH and Barrett, GM : Survival of
bromate and bromide in bread baked from white flour
confaining potassium bromate. J. Sci. Food Agric.,
42:255, 1988

Allen, WG : Alternative oxidants as dough conditioners.
Cereal Foods World, 44:642, 1999

Tenny, RJ : Bromate-What will replace it? p.187, In:
Proceedings of the 73rd Annual Technical Conference.
American Society of Bakery Engineers, Chicago, IL,
USA, 1991

Hurley, WC : First European symposium on enzymes in
grain processing. Cereal Foods World, 42:148, 1997
AACC AACC Approved Methods, 9th ed. Method
54-40, Mixograph method. American Association of
Cereal Chemists, St. Paul, Minnesota, USA, 1995

AACC AACC Approved Methods, 9th ed. Method
10-10B, Optimized straight-dough bread-making method.
American Association of Cereal Chemists, St. Paul,
Minnesota, USA, 1995

Kim, DH and Koh, BK : Freezing and fermentation
curves of the dough frozen at the different freezing
condition. Food Sci. Biotechnol., 11:99, 2002

SAS Institute, Inc. SAS User’s Guide. Statistical
Analysis Systems Institute, Cary, NC, USA, 1990

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

187 7

Graveland, A, Bosveld, P, Lichtendonk, WJ and Moonen,
JHE Superoxide involvement in the reduction of
disulfide bonds of wheat gel proteins. Biochemical and
Biophysical Research Communication, 93:1189, 1980
Finney, KF, Bruinsma, BL and Natsuaki, O : Copper(I)
vs. zinc inorganic salts as oxidizers in breadmaking.
Cereal Chem., 69:347, 1992

Hoseney, RC and Finney, PL : Mixing; a Contrary view.
Baker’s Digest, 48:22, 1974

De Stefanis, VA, Ranum, PM and Erickson, RW : The
effect of metal ions on bromate oxidation during
breadmaking. Cereal Chem., 65:257, 1988

Hansen, LP, Johnston, PH and Ferrel, RE : Heat-moisture
effects on wheat flour. 1. physical-chemical changes of
flour proteins resulting from thermal processing. Cereal
Chem., 52:459, 1975

Hansen, LP and Johnston, PH : Heat-moisture effects on
wheat flour. II. an evaluation study of heat-processing
effects on flour proteins by digestive enzymes-pepsin,
trypsin, carboxypeptidase -B. Cereal Chem., 53:656, 1976
Vadlamani, KR and Seib, PA : Reduced browning in raw
noodles by heat and moisture treatment of wheat. Cereal
Chem., 73:88, 1996

Baik, BK and Czuchajowska, Z and Pomeranz, Y
Discoloration of dough for oriental noodles. Cereal
Chem., 72:198, 1995

Baik, BK and Czuchajowska, Z and Pomeranz, Y :
Comparison of polyphenol oxidase activities in wheats
and flours from Awustralian and U.S. cultivars. J.
Cereal Sci., 19:291, 1994

Wolt, M, Chigurupati, SR and Pulverenti, J : Method for
heat treating a bread baking wheat flour and resulting
flour and dough. U.S. patent 220252, 1995

(2003 8€ 4 H<, 2003 12¢€ 49 A=)

- 125 -

#2za B85 x A208 25(2004)



