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TABLE 1
pH of the Water Suspension of
Flour Treated with Chlorine

Chlorination

Rate® Flour

(g/ke) pH
0.00 5.70
0.40 5.40
1.20 5.00
2.26 4.62
3.26 3.32
4.26 2.96
7.26 2.15

sGrams of chlorine gas per kilogram of flour.
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Fig. la. Brabender amylograms of flour-water slurry at constant temperature
(25%C) for 10min. Clz -rate:A)0. 2g/kg;B)0. 6g/kg;C) 1. 0g/kg; D) 1. 4g/kg;andE)1.8g/kg.
Fig. 1b. Effect of chlorination on hydration rate (8°)of water to flour at 25C.
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Fig. 2. Effect of chlorination on temperature at the starting point of flour
viscosity increase. Fig. 3. Effect of chlorination on viscosity of flour at te-

mperatures ranging from 70° to 95°C.
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Fig. 4. Effect of chlorination on viscosity of flour-water slurry (A) and
flour-oil slurry{(B)at constant temperature (25TC).
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Fig. 5. Effect of chlorination on pan-cake volume and springiness.
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TABLE [
Analytical Value of ®)Alps Wheat Flour and Its Fractions

Material Yield Protein Lipid Ash Moisture pH
% % % % %

Original flour 100.0 7.20 0.95 0. 39 12.8 5. 30
Fraction

Water-solubles 5.31 e 6. 38 14.0 4.47
Gluten 5.38 73.4 4.80 2.80 14.0 5.55
Tailings 15.0 2.16 0. 28 0. 228 14.0 4.54
Prime ‘starch 73.0 0.22 0.10 0.127 14.0 4.52

ZOHMNTHRILEZA BEERICE S /750y —3R—% 713, (iVSy ¥ —DpH(Table
M.G)Z N7 >DF4 "0y TA» b (Table IV). (i#HERIZx3 2 HIAKED L (Table V)
D3EEHEIRMETIZBLE AV VFVONERIZ LB/ =X ZETT A2 & AHBEL

Zo

TABLE Il )
Pan-Cake Volume for Various pH Values of Reconstituted Batters
pH Value Pan-Cake vol
ce
Original flour 457.0
3.85 370.0
3.95 365.0
4.05 360.0
5.20 443. 8
5.30 446. 3
10.0 445.0
TABLE' IV
Pan-Cake Volume Response to Increased Mixing Time
Mixing Time Pan-Cake vol
min cc
0 360.0
8 358.8
16 440. 0
24 446. 3




TABLE V

Pan-Cake Volume Response to Increased liquid Level

Liquid Level Pan-Cake vol
% cc
66.0 425.0
70.9 432.5
75.3 435.0
79.7 455.0
84.1 445.0
88.5 440. 0

F. NERFIUIAEETNANI BOBEERFON-F v 7OBITIEEZRELEO s N, ¥
bbb, T—F LB NERE TBIEER S F FEH L 0N -F ¥ IRER 217 ) &S
LETHEAL AT —FBFHEE, AV YV FVONERTCN—F v 7L r— X IBTT
5ZLPHBAL 72 IREXSD ) b THLHEIBE. BEEDY 5 ABMERE S/ r—F 0¥
BBUEELEED ZELCLTWAZ W5 212k 5%~ (Table VI, Fig.6a.b)y /3 a3k
JEMFBE L A F VR U Z DT 1 F VAt e (E-o72ETVER,S, WHES>OOHENEE K

@Ho5N7 (Table V),
TABLE VI

Effects of Various Levels of Ethyl Ether Extracted, WSB
Extracted, Polar, and Nonpolar Lipids on Pan-Cake Volume

Flour Treatment Cake Volume

cc

Original 472.0
Extracted with WSB 335.0
+1.36g W SB-extracted lipid ) 320.0
Extracted with ethyl ether : 380.0
+0. lg ether-extracted lipid 390.0
0.2 467.5

0.3 470.0

0.4 470.0
0.05g WSB-extracted lipid 372.5

0.1 397.5

0.2 486.3

0.4 483.8

0. 05g polar lipid 370.0

0.1 370.0

0.2 470.0

0.4 470.0

0. 1g nonpolar lipid 370.0

0.2 370.0

0.4 378.0

0. 0

6 375.

i
i
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TABLE VI
Effects of Sucrose Fatty Acid Ester, Sucrose Fatty Acid
Ester Acetate,and Lard Shortening on Pan-Cake Volume

Flour Treatment Cake Volume
cc
Original 472.0
Extractéd with ethyl ether 380.0
+2g sucrose fatty acid ester 485.0
+2g sucrose fatty acid ester acetate 382.5
+2g lard shortening 370.0

(® (b)

Fig. 6a, b. Pan-cake baked with 1) original flour, 2) ethyl ether extracted flour,
3) ethyl ether extracted flour plus 0.2g ethyl ether extracted lipid, and 4)eth-
yl ethyl ether extracted flour plus 0.2g WSB extracted lipid.
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TABLE VI
Baking Results of Reconstituted, Unchlorinated Wheat Flour
Replacing the Prime Starch Fraction only from Chlorinated Flour

Cl,-Rate Volume Gumminess® Springiness¢ Crust Symmetry

g/kg cc

0.0 331 4.0(..) 0.0(...) 2.0 2.0
0.4 345 3.5(3.5) 1.0(1.5) 2.0 3.0
0.8 360 2.0(4.0) 2.5(1.0) 2.0 3.0
1.2 355 0.5(4.0) 3.5(1.5) 2.0 3.0
1.6 355 0.5(4.0) 3.5(1.5) 1.5 2.5
2.0 328 0.0(3.0) 4.0(3.0) 1.5 0.5

2A number ‘in parentheses indicates the value when sucrose fatty acid ester is added.

TABLE [X
Baking ‘Results of Reconstituted, Unchlorinated Wheat Flour
Replacing the Gluten Fraction only from Chlorinated Flour

Cl-Rate  Volume Gumminess Springinessv Crust Symmetry

g/kg cc o : . ‘ .

0.0 - 460 S35 1.0 20 . 27
0.4 450 3.5 1.0 2.3 2.7
0.8 400 2.5 1.5 L5 3.0
1.2 345 _ .3.0 2.5 1.7 2.7
1.6 310 ©3.5 Lo 1.5 2.0
2.0 340 4.0 - 1.5 1.5 2.0

TABLE X

Baking Results of Reconstituted, Unchlorinated Wheat  Flour
Replacing the Lipid Fraction only from Chlorinated Flour

Cl,-Rate Volume Gumminess  Springiness - Crust Symmetry
g/kg ce
0.0 333 4.0 0.0 2.0 1.0
0.4 340 4.0 0.3 2.0 2.5
0.8 365 3.0 1.0 2.5 2.6
1.2 364 4.0 0.3 2.0 2.7
1.6 372 3.7 0.3 1.2 1.5
2.0 384 4.0 0.7 1.0 1.0
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Fig. 72. b Photomicrographs of chlorinated prime starch granules (&) or swelling
chlorinated prime starch granules (b) adhering to an oil droplet.
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Fig. 8. Effect of chlorination on oil absorption of wheat starch.



BUEL TH B AR - 72 (Fig. Tb), 794 4R ¥ —F13 KHIn-7% / — L. 7 0Ok
Wh—24 /- VETHEBLTL, 25044 VIREEEZRL . 85%38 45/ — ), Sodium
dodecyl sulfate (SDS) WUBTEWHR A >%e LA LBE(T%HCY)., 73I5—+, 7u
77 —CRBETHEEL 2, Ty T VRERREICRY VSV BEN DT, PR TIT—F
TREREI D BEHRT 5852, #hsb0& Bbh/z(Table XI)o

RN NER DS FEEL 2T T4 LAY —FHEHE/70) 42— a >y LT, BOBIHYE
%7 L 7 (Tadle. X1

TABLE XI

Qil-binding Capacity of Chlorinated Prime Starch Following
Treatment with Various Enzymes and Certain Solvents

Qil-binding Capacity

Treatment (%) (ml/g)a
None : 100 1.4
Pepsin :
50mg 0 0.0
Smg 7 0.1
0.5mg 20 0.3
Heat-denatured pepsin? 50mg 79 1.1
Trypsin, 50mg 0 0.0
a-Chymotrypsin, 50mg 29 0.4
a-Amylase, Smg 20 0.3
B-Amylase, 8. 25mg 20 0.3
Chloroform-methanol . 150 2.1
Water-saturated l-butanol 100 1.4
Sodium dodecyl sulfate 130 1.8
7%HC] at room temperature 0 0.0

aMilliliters of oil per gram of starch.
tBoiled 5min.

B78 woBREOTF 7 oHO/OUR— 3 itk
A=Y AI—F, RFV 7Ty, RF PRI —FCEABOVIBL T2 A, NEFYT

VIE#BO A 4 VIRE AR L 7 (Table X)e CNREENA A VIEEE L, IZTITREEICH
589 N7 BIZKBZ S LIZE 572 (Table X,



TABLE XII
Oil-binding Capacities of Starches

Starches
Starch Nonchlorinated”® Chlorinated®
Wheat 0.2 1.4
Potato 0.2 1.0
Corn 0.4 9.0
Rice 0.2 1.8

e Milliliters of oil per gram of starch.

TABLE XM
Effects of Various Treatments on Oil-binding Capacity of
Wheat, Potato, Corn, and Rice Starches

Relative Oil-binding Capacity of
Chlorinated Starch(% )*

Treatment Wheat Potato Corn Rice
None 100 1.4 100 1.0 100 9.0 100 1.8
WSB? 8 1.0 80 0.9 83 7.5 100 1.8
CHCl;-CH,OH 8% 1.2 100 1.0 75 6.8 100 1.8
1%SDS¢ 86 1.2 20 0.8 30 2.7 22 0.4
7%HCI 14 0.2 20 0.8 15 1.4 28 0.5
a-Amylase 14 0.2 20 0.8 17 1.5 17 0.3
Pepsin 0 0.0 29 0.3 83 7.5 100 1.8
Pepsin after

chloroform-methanol NDd NDd NDd ND¢ 17 1.5 100 1.8

e Milliliters of oil per gram of starch.
b WSB=water-saturated l-butanol.

¢ SDS=sodium dodecyl sulfate.

d ND=not determined.

#EB8E FUr7UBEFMVBEO/OYR—-I 3 icLB8ME
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L 7= (Fig. 9b),
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7= (Fig. 10b), '



Fig. 92, b. Photomicrographs of non-chlorinated gelatin coated glass powder
(8)and chlorinated gelatin coated glass powder (b) after mixing with oil and

water.

Fig. 10a,b. Photographs of non-chlorinated BSA (3)and
chlorinated water insoluble BSA (b). in water

ra) d—3a itk BKENS V0 BOBKLYEBE N, Z20MD Y V37 AT
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PHLUVEEEFEZHERL. OThLBUKIZELL TWA 2 208 5 h 7= (Fig. 1la, b, ¢)o
ZhEDT I/ BHEKY Y VSV BOBUKEA VD E BRI L, 7 7Y ROBKL (Bik{)
ERLEDDEEZ SN,

Fig. 11a, Paper chromatogram of Tyr (lane 1), chlorinated Tyr (lane 2), monoiodo
Tyr (MIT) (lane 3), chlorinated MIT (Jane 4), diiodo Tyr (DIT)(lane 5), and
chlorinated DIT (lane 6).

Fig. 11b. Paper chromatogram of Lys (lane 1) and chlorinated Lys(lane 2).
Fig. 11c. Paper chromatogram of cystine (lane 1) and chlorinated cystine (lane
2).
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ZOBRERIE RV T T Y RRED Y ¥ /87 BITED W7z (Table XV)o MEVLET
FEA70)A—2avOREHELLTENTH S ZLARBREN LERRIZ, ZOHLW
MR L, BB U CHERE N,

e

Fig.12 Oil droplets inwaterwith adhering starch granules after mixing with
prime starch fractionated from (&) unheated wheat flour and (b) from
heat-treated wheat flour (120C for 2hr). O=oil droplet, S=starch g-
ranule, and W=water.
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TABLE XNV
Time Course of Heat Treatment (120C)of Prime Starch

Moisture Content After

Heating Time Heat Treatment Oil-binding Capacity
(min) (%) (ml of oil/g of starch)

0 23.10 0.3

5 7.59 0.2

10 5.96 . 0.3

15 5.93 0.4

20 5.40 0.6

30 3.40 0.8

40 3.59 1.0

80 2.51 1.0
120 ) 0.00 1.0

et

Fig. 13 Oil droplets in water with starch granules adhering after mixing with
prime starch that was fractionated then heat-treated (120C for 2hr).

TABLE XV
QOil-binding Capacity of Heat-treated Prime Starch and of Prime Starch
from Heat-treated Wheat Flour

Oil-binding Capacity

Prime Starch (ml of oil/g of starch)
From unheated flour 0.2
From wheat flour heated 2 hr at 120C 0.8
Heated 2 hr at 120C
7.7% Moisture content ‘ 0.2
34.5% Moisture content 1.0
Heated 2 hr at
80T 0.6
100°C 1.0
120°C 1.0
140C 1.2
150°C 1.6
160C 1.4
174-184C 0.3
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TABLE - XVI
Effects of Various Treatments on Oil-binding Capacity
of Heat-treated Prime Starch

Retained Oil-binding Gapacity of Prime Starch
Heated 2 hr at 120°C

Treatment ml of oil/g of starch Percent
None 1.0 100
WSBe 0.9 90
CHCI1 ,~-CH,0H (2:1) 0.8 80
1%SDSs 0.9 90
7%HCI 0.2 20
0.2%NaOH 0.2 20
a-Amylase, 0.5 mg 0.3 30
Pepsin

5.0 mg 0.2 20

0.5 mg- 0.4 40

0.05 mg 0.7 70
Heat-denatured Pepsin,©

0.5 mg 1.0 100

“water- saturated 1-butanol.
b sodium dodecyl sulfate.
‘Heat denaturation was performed by boiling for 5 min.
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