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Qualities of Bread and Changes in Phytic Acid during
Breadmaking with Whole Wheat Flour
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Abstract

The qualities of bread and change of phytic acid during breadmaking with whole wheat flour were
investigated. The ratios of ash contents in wheat flour and whole wheat flour were 0.41% and 1.57%,
respectively. The ratios of fiber contents in wheat flour and whole wheat flour were 0.14% and 1.83%,
respectively. In amino acid analysis, glutamic acid was determined to be 32~ 36g/100g protein, which
was the highest. Lysine, glycine, arginine and aspartic acid were higher in whole wheat flour than
those of wheat flour. Proline, glutamic acid, and phenylalanine were higher in wheat flour than those
of whole wheat flour. The ratio of phytic acid content in wheat flour and whole wheat flour was
0.312% and 0.734%, respectively. The content of phytic acid during beadmaking was decreased approx—
imately 65% after proofing, while this was almost constant in the process of oven baking. The content
of phytic acid in bread with 3% yeast had less hydrolysis than that in bread with 5% yeast during
breadmaking. The phytic acid content in the 0.1% yeast food was decreased more than the 0, 0.3,
and 0.5% yeast food groups. As the amount of whole wheat flour increased, the volume of bread
was decreased, and color became dark. The sensory evaluation was showed the guality of bread to
be the highest when the amounts of coarse whole wheat flour and fine whole wheat flour was 20%
and 30%, respectively. Though the amount of coarse whole wheat flour and fine whole wheat flour
were increased up to 30% and 50%, respectively, external characteristics of bread was remained
in normal.
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Yot Yo A A I (bran), TEE 9 v}
7h AAE 22 e QA Fok e A Y R(whole
wheat flour)& B A5 & A B3s}e] o]43}
Dg RnE uly}_‘_ou "}—E]ﬂ ¢ "7]7(1 z]ﬂl—él A
4, B4 aminoAt Y3 ¥ vitaming B3 4 g}

). webal AR e A7pge Jopata el 1A A
ml ool ol YL Wre 32 FFE P
agich

A2 FHele kel 27]el dhet AR YA
¥ (coarse whole wheat flour), .29 A} & & (fine
whole wheat flour) 22 2 FHH2) AHEL v &
el ¥EH7) 48 FPAE RAT S gl W
off A8 ¥} phytic acid 8ol W& vk o] glrh(3).

Phytic acid{myo-inositol hexakis dihydrogen phosphate)
= Ca, Mg, Fe, Cu, Zn, Mn 59| 27} 32 371 55
7} 47 Agste] F71 89 A F548 A&, &
w2l s b 8-sho] B84 SRS A E7) Wil
W] o] 848 A AIvH45).

Erdman(6)® Harland €} Prosky(7)ell 2l sted AL
%l =§2] phytic acid &8 S5 0.8%, 7l 0.89%,
) 1.4%, H(A4) 1.13%, F7uH(EA)) 5.18%, ¢
FuH(=A]) 1.7%0] 7} O'Dell 5(8)-& &-F4=ol] 9ol A
£ phytic acid®] 90%7} wletel] A= 9lx, LU
#42] 9ol = dl 4 7)o} o)) 3o A7 &
4dt}. Phytic acid 7F-23) £.4-<l phytases B¢ =t
Aol 23} 9l 2. (9) o]+ phytic acidE inositol#}
orthophosphates @ ¥3|3lv A} 314 %= phytase?]
2H-4-2 2 phytic acid’} 7F=£3| ¥t} Ranhotra (10)
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Peers(11)+ 2 2] phytaseZ} vjjoptol] 34.1%, vtk
ofl 15.3%, Z#3oll 39.5%, ulolol] 29%2 74zt &)
5}e] phytase &4 2] A4 pHE 515, &%+ 55°Cet
3}9d 31, Courtois®} Perez(12)= = ¢} phytasez} 43
o] ezl v} Eouf dolo o]sle] Ao SAHE
= Z7lgicb 3 89t} Lathia2l Koch(13)+& yeast Al
Z Uld % phytase®] &Ao] glov] wtawo] A
w R} phytic acid®) ko] Aty gt =
Ranhotra(14)¢} Pringle®} Moran(15)2 uF=-2] phytic
acid §3FE& B A A zke] AejA o upe} phytic acid”t
o 2G5l

g felle 2§ WIF 2o 214 A F5
7ol 8 42l phytic acid?} %] &= o] AR T, vh=
2] 4t A] A}8-5 = yeast?) phytase 282 & phytic
acid & A 2AZH 5 ook wetq B AFoM e
AP E AoPel 9lolA yeast A7) yeast food
Hrtekel w2 W5 Ao} 5= 4 $9 phytic acid
g 13 E 2ol &9l AR Hobwe] A
Al 7HAF 28] felA) HE, 2k 24
4, 24 g o}v]xAkS BA3lgon wil Ay

¥ A7bgel $4E 24
Az L g

MZE

A7} 2 v =4t Dark Northern Spring(DNS).2. 2
AR NEAB(F) FHE 1355 s &
2y 4FER(L5IAE)E AHeslgd e, A9
(FRFAANG L, £2EYS AHFA AES, 242
HE ALY ERY ATL, yeast foods Bl H
33 AF(HA)E 83k el A7 E(whole wheat
flour)2 71 =4 DNS® & A #-FA = first break roll
o] 31 245 7] X 4)2HC.W.W.F.; coarse whole wheat
flour, 7~20mesh)2} ©] & ©} Al hammer millZ ¥) g
242 FW.WF,; fine whole wheat flour, 60~80
mesh)2 T¥3le] A}-4-315ich

BrEe) =M W A

A ugol) AHE-3F WkE-2] FAIL Table 13} e}, A ¥
E Hrleke ARQA " we&dzbE 0, 5, 10, 20, 30,
50, 75 ¥ 100% 2 77} 2e] sl A% 34 % phytic
acid gk W32 2 AF31y) $) 8l 20%9) AAelA A
& R UobFol kAR R 8 3% 2 5%4, yeast

Table 1. Formula of bread added whole wheat flour

Ingredients Content(%)
Flour 100~0
Whole wheat flour 0~100
Compressed yeast 3~5
Yeast food 0.1~05
Sugar 5.0
Salt 2.0
Non fat dry milk 2.0
Shortening 30
Water Variable

foodZ 0, 0.1, 0.3 ¥ 05%4 d7istgdct. AL
2] ] ¥k (16)(straight dough method)oll a1 3}
At}

SR-2 SRZ2H 7] (moisture determination balance,
model 6010, Ohaus Co., U.S.A)E AH4-3te S48l
on HEL2AACCHUDA £ A33sgom
23l 2hiA-e A ACCH(18)°] £ Kjeldahl
Weoeg ALE Agsly A 8o As ke AiA
574 F3le i kg Vel 24 e
ZA S AACCHA920) o8 &x 3t

Aminodt 24

AminoAHE Pico-Tag® (21)ell w2} 6N-HCIZ 110°C
ol ] 24217t 7+=E-3 & F methanol : triethylamine
: HyO : phenylisothiocyanate(7 1 1 : 1 : 1, v/v) &g}
o 2§54 3}s14] 00, HPLC(High Performance Liquid
Chromatography, Waters Associates Inc.,, US.A)E
Agatel #4stgch

Phytic acid 24

A 2E wkE3g 239 dough, 23} WA = F-(after
proofing), baking & (32 F¥-3}e] Zt2t A F 31y
t}. -2 A ZA1#H Waring blenderoll4 40mesh® #
st o, vk 2|3 9 HE A F A5 F
Azsle] FA) 82 M-8l o). 3=E94-& Tangendjaja
5(22)9] el wel sksdcl. Phytic acid ¥4 ol A
Column-2 Bondapak C18%, &+ 0.0056M Sodium
acetate S AH-§-8}od U.V 254nmell 4] HPLC(High Per-
formance Liquid Chromatography, Waters Associates
Inc., US.A)E EAstd.
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ol FTAAAL

wol ZTero W F F Al2o 147k Fak W
ZHgr & Ak e 84 (loaf volume)S A}
25 (23)e) 2ls W ANE Gole A AT

& AHevF o2 vehlisich whe) WAlkinternal score)
3 9]AHexternal scare) 2] A (symmetry), 3
Z A (crust color), "] E]2)Ad 7} whe) z=x] 7 (texture),
7]&(grain), Y544 crumb color) & ¥ 7} #23}
Aok AEA )T AWr)EAE =g 1089 F
A sY S YAt R 5 e 73R HALE AHE
sled vl YA st

L

Xt

2ot o 3

R

At

Uit MYl Yoty

=2
B AYe] Aheg Wl FdEE 15 2 A9 EY
UubAd B2 Table 29} 2c}, 3j82) Jhape Gt
A 041%, AP R4 157% 2 4713 Bl A7 el
A oF 4 speF EA vhehdon] o)L duldo®
&2y %1(25) Do) 3] ¥ gkl A stk A vl &
e UrLZo) A 0.14%, AT Fell A 1.83% = Eo+F
B} AP BolA] oF 130 s}k TA) Vehygoh g
ek Wl A 12.75%, AR T4 14.35% % .
Ak gHeko- WrpRelA] 1.36%, AH A 3.10%2
7L R AP sk} Wrhge) s F
2 93 2] A=) oo AP R HE
ko]l A Vet o], Afa 94 R 29q o
FEREH gt o) v e B o AR A P2
o3 ol U Heael FEde € 5 3le

& % % sleh

Y7t et MY} aminott

UrtEel A E9 aminost -2 Table 33 %2
o}, 7L Al A o) & AL 7l A= glutamic
acid”} 32~36g/100g protein 2.2 7}3 o] §H-F= o
gl t}. Glutamic acidy= ¥FE Woll A 2k 95% A =7} mo-
no amide #e}Ql glutamine2 2 EAFe A chE
aminoit# FAFFE o] F) A5H 2 dHA L F
A WE FA ol AR 2 g st Aoz U4

Table 3. Amino acid composition of wheat flour
and whole wheat flour

Wheat flour Whole wheat flour

Amino acid -
(g/100g protein)

Aspartic acid 381 5.14
Glutamic acid 36.63 32.63
Serine 5.08 487
Glycine 3.88 485
Histidine 345 333
Arginine 2.11 3.65
Threonine 2.81 291
Alanine 5.08 5.78
Proline 10.30 9.06
Tyrosine 0.45 058
Valine 4.78 473
Methionine 1.03 101
Cystine 255 358
Isoleucine 3.86 347
Leucine 6.80 6.86
Phenylalanine 482 446
Lysine 1.38 1.87
Tryptophan 1.18 1.22

#] olch28).

%9, lysine, glycine, arginine, aspartic acid+= 87}
2 vy}l Yo B2 ¥wbd proline, glutamic acid,
phenylalanine-- 4 7}of wgtch. 53, lysine® 3¢
AF o] wrrE Hr} Fapo] Fohr) o) AR 2
3 AAHE w32, = 59 2 wlolel] lysineo] ®el
2 x5o] ol7] wFolrl wald R Arpnle] I
v(white bread)ell %% 7] 42 lysines X538 &
ol& Zole] o] &= f-oF 2.2[(27) W79l 9] amino4t
224 ATnze}t fAEkEch

U7tF e} MEE 2 phytic acid

Phytic acid®] &8F ¥-4§ HPLCS| chromatogram
2 Fig. 13 zvk o714 A+ phytic acid®] F5-44
off 3+ chromatogram 2 phytic acid®) retention
time 1.75%-¢) sl B W75, C= A9 2ol &
=l phytic acid chromatograme]th.

Table 4% phytic aicd §3-& viehdl A 2.2 HWrHF
o 419] phytic acid §H%-& 0.312%°1 R, A Eo 4
£ 0.734% 2 U712 B} " g &l phytic acid 3%l
ok 2,34l 3= A vebytet. 0] 712 Tabekhia®} Donnelly

Table 2. Compositions of wheat flour and whole wheat flour

Samples Moisture(%) Carbohydrate(%) Ash(%) Crude protein(%) Crude fiber(%) Crude fat(%)
Wheat flour 14.0 71.33 0.41 1275 0.14 1.36
Whole wheat flour 15.3 63.85 157 14.35 183 310
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Fig. 1. HPLC chromatograms of phytic acid in A: stan~
dard solution, B: wheat flour, and C: whole
wheat flour.

1.75
®

Table 4. Phytic acid content of wheat flour and whole
wheat flour

Wheat flour Whole wheat flour
Phytic acid(%) 0.312 0.734

(3)9] Bae} falalgd o, o) A $-ol = o) B8 phytic
acid7F =) % o]mZo & O'Dell 2(8))
BEag 3 o A Ede R8st el §hEo] glo]
phytic acid’} ¥7 vebd Zolr}.

Mg otd & phytic acid 3}

A 23 FwkE A F 23} & A F(after proofing)
2 baking 3 F(bread)ol} phytic acid ¥ w3 S =
At A= Table 59} 2t} Yeast H7}eF 3% A 717
ol 4] wh=Ee] 231 W& 2] % (after proofing)7HA] &) phytic
acid &2k W35 ¥ yeast food 0.19% A 7}A] phytic
acid #s2 wkE 2 F 0330%004 23} HE 3 q
0.098% % 70.3%2] &8 B4} Yeast food F3
7}, 0.3%, 0.5% A713lg2 = 27t 595%, 60.6%,
57.3%9] 7tA &S By} webA] yeast food T3 7},
0.1%, 0.3%, 05% H7} F 0.1% A7HFlA 3tasHE

[3:4

Z37} b3 Aok &9 yeast AUHEF 5% HobrelA
yeast food 0.1% H7}A] & ub= A & (0.338%00 4 23}
wE 2 F(after proofing) 0.088% & 74%2] ZHA &8
R A} Yeast food +3 7}, 0.3%, 05% 2 H7belddS
o ZHz}F 70.296, 70.9%, 70.8%2] ZHA-8-& b gl
w2} A phytic acid &% ¥ 31+ yeast 7}k 3% A7}
T Erb 5% HrFelA o @A ghasted ok

o] gk A3} yeast M E Yol £ phytase &4 ¢] 9]
<& #<13 Lathia®} Koch(13)2] 232}, ub=2] phy-
tic acidv A= & A]7ke] Ao A o] we} phytic acid
2871 of gl a9 cl= Pringle®} Moran(15)9)
2 1o}l #A18tgd o} Ranhotra(14) #c}idl yeast food
7} A phytic acid 87} A | Ptz 2 wdlgdct o}
2} 4] yeast food9] @7}eko] £7}& A phytic acid7}
] ZFA ] R] 92 7L yeast food?} yeast?] ] &4
< 238 A st QAR 248} phytic acide] &
7t A" Aolv) B Aol yeast Hrlako)
W25 phytic acid e} o] 4 Hgov 4
A2 Ao A= 5% o4t A7 Al AlgA g8l o3
7R el Folel] 2] L 4 && F7] Fol ofs}
FAsl yeast F7tES AA o & Aolr)

e8] 2 F+(baking) 34 ol 4] & phytic acid &
W7t 2A A=A estel. o] 3 A2 baking 3
phytic acid®] 7}pRale Z7]A oA deojdtis
Courtois9} Rerez(12)9] B2 E o g9} #}L2o] A
< 27 A el A vE EA4ztgo] douin], O F sl
o] o} &A7t B2 31 of phytic acid 23+ t] o]
A dofutz] b2 Flo|t} 71l ol 93} 7l 23 £ phytic
acid7} A= =, A 8ol e} A = 2] w
2] Agelol oz} ol ik e Alo] 2zl o}
2ha] & A3 9] 7 $- 200°C, 40%-712] baking Z 7 ol 4]
= phytic acid #3817} A oAl ¢girt.

o Tl J = AH LS 0~100%2 2 Ar}s)

Table 5. The changes in phytic acid content(%) during breadmaking with 20% coarse whole wheat flour added

different levels of yeast and yeast food

Content of yeast(%)

3 5
Stages of breadmaking
Content of yeast food(%) Content of yeast food(%)
0 0.1 0.3 05 0 0.1 03 05
After mixing 0.341 0.330 0.325 0.330 0.332 0.338 0.320 0.340
After proofing 0.138 0.098 0.128 0.141 0.099 0.088 0.093 0.099

After baking(Bread) 0.130 0.080 0.125

0.126 0.095 0.078 0.090 0.094
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Table 6. The qualities of bread depending upon the addition ratio of coarse whole wheat flour

D 2) . . . . . Loaf score
C.W.W.F.P(%) Abs.”(%) Proofing time(min) Loaf volume(ml) Loaf weight(g) Specific volume P =
0” 62.0 60 3900 696 5.60 9.0 9.0
5 62.0 60 3700 720 5.14 84 85
10 61.5 57 3690 726 5.08 8.0 8.0
15 61.0 57 3600 730 493 76 78
20 60.3 55 3540 735 482 15 77
30 59.5 55 3250 749 434 6.2 6.5
50 58.0 50 3050 753 405 41 38
75 53.0 50 2670 775 345 3.0 32
100 50.0 50 1660 778 2.13 23 2.0
DCoarse whole wheat flour, Water absorption, Mnternal score, “External score, *100% of wheat flour
Table 7. The qualities of bread depending upon the addition ratio of fine whole wheat flour
D 2) . . . . . Loaf score
F.W.WEF"(9%) Abs2(9%) Proofing time(min) Loaf volume(ml) Loaf weight(g) Specific volume TT
0¥ 62.0 60 3900 69% 5.60 9.0 9.0
5 62.0 60 3800 715 531 88 8.7
10 62.4 60 3750 720 5.20 8.7 86
15 62.7 57 3630 725 5.00 8.3 8.4
20 63.0 57 3600 732 492 8.0 82
30 63.3 55 3450 740 466 76 75
50 63.8 55 3340 743 450 52 54
75 64.3 55 3100 770 403 42 43
100 65.2 55 3060 780 3.92 33 35

PFine whole wheat flour, “Water absorption, Jnternal score, "External score, 100% of wheat flour

of Az e FAL AR AFE Table 6 2
Table 75 Zch AR AR L AS$ Yrlgke] Frha
$E F4ge pasted Wele 23 AHELE F7t
st} AP Hrigke] F71844F loaf volume 2
2R 7} s o] ool g E4E e Ade F
2] skoprh ANAYE 30%, L-AHE 50% H7H7t
21+ loaf volume ¥ ¢} FH4H(external characteristics)

FA e 2 A3t} dehdA ekgkrh 2elw A H

Fig. 2. Cut loaves of bread added coarse whole wheat
flour.

2-2] Joaf volume 7 JAH Fol vls) Aoz 3
A dehdz 50%014F H7HA FEl = loaf volumeo]
62 dAg o]l F yolu] 7Histdch

AP Ao A xpzlL Fig2 ¥ Fig. 3% 2
oh ARE Arieke] Frtol whet W FE i
st 3, whe] WAkzRA & AAojgon, AL 3o
Ak

Fig. 3. Cut loaves of bread added fine whole wheat
flour.
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Table 8. Sensory test of crumb from bread depending upon the addition ratio of coarse whole wheat flour and

fine whole wheat flour

" Color Texture Taste
W.W.E %) 5 3

CF FF® CF FF CF FF

5 3.0 30 31 33 30 30"
10 32 32 33 32 31 33
15 32 35 37 37 32 34
20 40 39 39 38 39 39
30 38 40 35 40 37 39
50 2.1 34 23 35 28 29
75 18 2.2 18 2.8 19 23
100 15 19 12 2.0 1.0 16

PWhole wheat flour, 2Coarse whole wheat flour, *Tine whole wheat flour, 5-Excellent, 4=Good, 3=Fair, 2=Poor, 1=Bad
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A&

ir)

3= Table 8%}
Zeh ARNAJE A7k 2006, - AHE A7HF 30%
o 7 $-¢ll loaf volume, o] A} 2 st} A 3tel glo]
A AYE Arp ey A3t 3ok 50% o4
A7F e AA R 97l 240 wi$- AA 3 A7kt o
ol glo} A A ¥-z}o] grol Al A AL FAdof gt A
ARAYE HrPg- b z2le] Ay BF Ao,
Azhe AAAA S 2 A FaQeH, 1Ay
2 Arlmbe ake] Fale] thi FYSI texturest
A 7tel] sleiA P9 AR Edel v e Fobct

[

e o
AYE Y& D8l AP R, 2-LAH

2t A7LE 3% Aol uhE A=A F phytic
acid ¥k W stel AP E AHrpuhe] 24 TAbskdch
38 ek UL Fo) 0.413%, A7 o] 1.569%E &
g Ro] WA o} 7] R FA 3] gokew, A+
Ak 7+-8 7A3Fo| %} Amino acid Foll A glutamic acid
9] gleko] WrLE 9 A7 Holl4] 32~36g/100g protein
© 2 t}E amino acid &8 B} ©ghtl Lysine, glycine,
arginine, aspartic acid® A ¥ol ¥9t2H, proline,
glutamic acid, phenylalanine<- 477l @t} Phytic
acid -2 UrhEol A 0.312%, AR 24 0.734%
Z Vepytch Al 7kA F phytic acid 8-S yeast
A7V 3% A7V 2ok 5% Aol A o =2A A
8lgd o}, Phytic acid 38 yeast food 537}, 0.1, 0.3
2 05% A7 F 0.1% A7V FA AaEE 33401
742 Zioh ARE Aobg EA) ol ARAH R
30%, 2+ E 50% A A = 9o 55 o) FA g
e fdch ARE Yrpso] F7gtel uhet e

He
tlo

2 7tasta Aee] Hejgov, A E AR
AP 20% M7l 2EAPE 30% A7 el A%
=7} 94t
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