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Quality Characteristics of White Bread added Modified Starch
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'Dept. of Food Science and Technology, Dongguk University, Seoul 100-715, Korea
Dept. of Culinary and Food Service Management, Sejong University, Seoul 143-747, Korea

ABSTRACT

The textural properties of breads containing midified starches such as pregelatinized waxy corn starch, acetylated potato
starch and hydroxypropylated tapioca starch, were investigated to determine the optimum addition level of modified starches.
Effects of modified starches on dough properties were investigated through a farinogram and amylogram based on the different
additional levels of modified starches (3%, 6%, 9%, 12% and 15% of flour content). Moisture contents and firmness values
were measured to investigate the degree of retrogradation at 0 h, 36 h and 72 h after production. The levels of moisture contents
were highest upon addition of pregelatinized waxy corn starch followed by acetylated potato starch and lowest upon addition
of hydroxypropylated tapioca starch. Overall, higher moisture contents resulted in lower firmness levels. The preference scores
by type of modified starch were highest upon addition of 9% hydroxypropylated tapioca starch, 3% pregelatinized waxy com
starch, and 6% acetylated potato starch, respectively. Preference scores were significantly correlated with textural properties

such as volume, absorption, stability and weakness (p<0.01).

Key words: Modified starch, dough properties, white bread, firmness, texture
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K & Nishinari K 2000; Choi MH & Yoo BS 2007). ¥4 =
ol Byl Ex oz A3} & E¥(oxidized starch)S S3}7HA]
= Ash, SAHE Asl, FEA8 B, S FHA, 9E
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MAATE 43E 7R AL o] vhaFatAl o] &= it o]
otk X8 AR T2 2]F2] A (thickening agent) ZA]
ol AF&E a1 9ltHPerera C & Hoover R 1999; Reddy 1 &
Seib PA 2000). 7kl -2 A2} Ulof] Axgt 28At =
Zo]| FEo] Ao WA, WEA, Wi
< zt3 9thBanwart GI 1998). 5.3} AE-&
go = rtdebA] ka4, B, HAA,
= 2 sk 5] lom, H4E HE, AY L ¥EH,
Wl Soll o] 85 a1 ATHB&C World 2003).
X8k A 7o) AFQ FAF A F(acetylated starch) | A
A 7P g AREE AL flom, W&, &l E, o]~
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E YR 9y oE agie] Fkka, saews A
slo ~Ee) ol@e ash, 94 2 Wl Ttk
Aow ¢

A4 It Whistler RL & BeMiller IN 1997). o]
g 5732 acetyl7] 2] A€ol whe} zfo] S Ho|H(Shon KJ
et al 2006), X3 == AEYE 011} 3719} BA} 2 S
mel gk Qe Ble R % r%(Joosten GEH et al
1988; Chen Z et al 2004). % X} £S5 AP AZ] acetylated
AEE gt B4z 34 0]’04 WEA, WS ol
o, A FE=E F7AZthRutenberg MU & Solarek D 1984).
olegt 54 wiEol At A T2 JIAHE epde =
, BAF AR ghigo] gpe] £/l WA= J &l o

s Od_?% o] Fo]H tiShon KJ et al 2006). =1 <] X]g+ 2
Fo 2 s=FA|xz2d3} Bty 97} A E(hydroxypropylated
tapioca starch)-/] gon Zylsla 9o 2w ARHC 5
ste]7] 43 5f9] 2208 gk Folshs 542 7 3l
tHB&C World 2003) 2 A A
7150l BHA e AlFe] Zow waeh AR, TlefE o
T ol g ok A JdePdFEe WA AR
Aol F4 54 4 g
wE AF7)o] 227t nAle dEFS BT
= AKLee JK et al 2013).
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B 230 A2 7FE(Daesun Flour Mills Co., Seoul,
Korea), &35} 2844~ ¥ (Daesang Co., pre-gelatinized wa-
xy corn starch, Seoul, Korea), &4t 74} A E(AVEBE Co.,
E1420, Veendam, Netherlands), 3| =SA|Z 223} El5] 2.7} #
(Siam modified starch Co., Kreation D8, Veendam, Nether-
lands)= AF&-8FA T AME A5 2= & (Societe Industrielle

A=
585 %3, Seoul, Korea), £EY(FLF71AE, vH314
£ EY, Seoul, Korea), 22F((F)CJ A LAS, Lq el 100%,
Seoul, Korea), A %H(F)CJ ALAZ, F MW, Seoul, Korea)=

AT,

Lesaffre Co., saf instant yeast, Paris, France), ©A| &
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N7}F9} 7+ Almo] $+E24 S AOAC HHHE(1998)0l et
Z¥zke] AR 3 g(db) Fste] 22 W FE5%7](Mo-
isture Analyzer, MA-100, Sartorius, Gopingen, Germany)E A}
g5te] 33] HiRsle] Skt ehid 542 AACC
H 46-12(AACC 2000)°] ke Thil A 74 7] (Kjeltec, TM-8400,
FOSS Tecator, Hogana, Sweden)& AF8-3tod 33] WHealod =
EAFNGSNE A §510] ARSI 232 29 AACC
Hh 08-01(AACC 2000)0] W} 217ke] AR 3 ¢ (db)S 3
2 oAFE 550~600C2] 3]3}Z(Professional Furnaces, L-400
KISN, Vecstar Ltd, Malven, England)°l| 4 4|3t 3]3}3F % 2
A|ZF HhY sl z]E‘co].MJ_ pavas ﬁ u]-ig].oq =235l t)
zehisl 2ol 2A7as 8 gUoR AN,

2) Farinogram &%

HE=A| 5.9 Farinogram £-73-2 Farinograh(M810144, Bra-
bender Co., Ltd, Duisburg, Germany)E- ©]-8-3}>], AACC "'H
54-21(AACC 1995)] W} Al= 300 g(d.b)= F3te] 7B
Zol/de] 500420 BUY| =2 HH??W TrEe 48
on, HEe = 30:02C7F FAIHES I

3) Amylogram &H

7k Alg2] Amylogram 573> AACC %4 38-10(AACC
1995)°] w2} Visco/Amylograph(Visco graph E, Brabander,
Co Ltd, Duisburg, Germany)& Al&-3l] B3It AR
(FFE 14% 7155) 65 goll 450 mLE 3713t dAgelS 7| %3}
A}%—a}aiu}. 30CHE 95C7HA] 75 rpme] £E2 1.5C/min

= 71he}, 95Tel A 2083+ fA1A1713 50T 142)st
WA HENEE Sges
4) Wi HES HIIE Awe] X 5S4

(1) AIHHI- I-||I

2k A 2342 AACC(1995 10-09) Wl F3te] 24w

W (straight-dough method)E ©]-8-3Fc] A& 100 g& pan
= ©]-8-gt open-top FE|C] A3 AZIAE WA AR A
7} A8 A7(Choi MH & Yoo BS 2007)} <flv]41 3]
al 77ke] WAl AR WIS DI U] 3~15% oA
ATt HE2 o7 tizay) WA A (Pre-gelatinized com
starch, acetylated potato starch, hydroxypropylated tapioca starch)
S 7V7} 3%, 6%, 9%, 12%, 15%S 7lato] 22 A %381
o} Aol AleE Al2d wjEH)= Table 13 2t}

mlo
oft

(2) Mg S4 =4
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Table 1. White bread dough formulation
(Unit: % flour basis)

Ingredient Percent” Weight(g)

Strong wheat flour 100 500

Water 63 315

Yeast (instant dry) 1 5

Salt 1 5

Shortening 4 20

Milk solid nonfat 4 20
Additives :

3 15

6 30

Pre-gelatinized waxy corn 9 45
starch (AC)

12 60

15 75

3 15

6 30

Acetylated potato starch (AP) 9 45

12 60

15 75

3 15

6 30

Hydroxypropylated tapioca 9 45
starch (HT)

12 60

15 75

Y All ingredients based on flour as 100%.
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2 WS T T Aule] 35T R W2t 29
S Ao AHsle] 0A7 T 72417 Bo] Zhz) who] B
AOAC W (AOAC 1998)01] o5 Skt W@zte] <k
H S A Y3 daE Fehay Foll ¥ol 20413t
A A& A}%}oﬂ el $98 S4SH 1,400 em’
o] 32 @ & vge] f3) A E 25 2o, W ¥ 1
Sl A 54 A= G g T & 912 22 53] AE
A= AR F(Th Bl e A A E oA A"
tz Z23ste] we] Bo2 AE3slItWang et al 2011).

S 7]

(3) Firmness =3
Texture analyzer(TA-XT2, Stable Micro System, Godalming,

EN
[}

Z . o|lgE HolAlob fuiBserak
England)E ©|-8-3te] Z} kel A= T 0, 36, 72413] firm-
ness?] W3S AACC method 74-091 ule} 431tk W
A o] F42 FetE % e8] 25 mm TR Hdikete] W
el &2#EJt 36 mm 27 2] plungerE 100 mm/min(1.7
mnysec)?] SEZ W] FoF BE A|53E0] 25 mmolA] 15
mm7HA] 40% WHEE= ST

4) 7|5 HA}

2 AR5 35T YA & A 3ullof] go} whe] $2io]
AAA o2 FdsH H=F 243 A3} Fof] il
(Changnyongri, Asan Chyungnam, Korea)oll T5-3}al $)
A 30S e ® 91 7ISHE(Ee] da 1, F
BAE &5 5, ] £5 9)F o] &3] 7|a% S
Aletch 7t W Alge] A 1S em’E 4 AV =
g, didlA ArHE& B3 I AlFeiity Bt e vt
(taste), A7 (texture), TF2]AJ(springness), 7] = (overall accep-
tance)E B 7FSFATE 2F H7F WA AE HE 33 o]
715% B7HE AAlsI A, 2 7 Al e A HiE A
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3. EAEN
EAA Y A A3 A= SPSS 18.0(SPSS Inc., Chicago,
IL, USA)S Al-83te] 413519tk H3ke] B aE Duncan’s

thgH g gel olslel Fo149l Aol 2 AU £ 5
RE 7be] JVAAZ Lolnr] s FADA B4 4

Al Pearson's correlation coefficientE 2F&3d}31

(MDY 3579 ¥4 AES AMEslo] 23 A s, o]

A Arol] AFEE HIFRY]
Shake 14.0%, WA ﬁv‘i-% AP 13.0%, AC 11.2%, HT 11.1%
B WHRET A fEEe] w2 Ao S AT
HAEAE FolHE AP > AC > HTS] A2 R3] &
gieh. whaa geke 7L 12.6%, AC 0.31%, HT 0.14%,
AP 0.13%% S = At} DrHFe] whald gheo] 12% o]
1 Blel Hlsh Aio] dhildghege Ao gle so = 54
9131, AC > HT > AP2| A2 thil A glafo] =9ttt 3| &
S W7E 0.43%, AP 0.29%, HT 0.11%, AC 0.08%% ¥
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AE AL, e B ekl vlsl 2k M4 %
o] wetom, AP > HT > AC-J AR 3 EEFe] =4
g = At

N
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2y Al 29| farinograph =% A3}= Table 29} 2T ACE
H7Vgo] S71VerEE F5-E&(absorption)©| F7E= AEgE B
R, 9% FE = U o T7HERA] skrh W3/ d Al T (peak
time)-> 7ol whel Alg 71 AL, o E(stability), B
2 T (elasticity) = 4319 2™, 738 =(valorimeter value),
3} (weakness) = S7F8ITE AC] 710l T1eyE=
9] F, peak time, FH 7t F7HE A 7HEEHA]
3% Yol ] ii}ﬂ = 540 2A Beiol A vERt
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Zo] Mgk Ilem, 9% 7= Y8ttt Peak time °F
7]—_/] 71—/\ 73‘6]:0]MJ_ o]—zél =12 %7]].111: H] =3} /‘\zo]
Kok, 7L 15%E 9% 1022 37| golxlon, v =
o} ofstee Bl S go R 2 WSl glich o] 22 A
I} 2 X farinogram 54 %] 2] W3le= A7 2%7HAE A
o] W37} gltirh A7V 15%5-E Wkl obgAdo] "ozl
e AHe & 5 dAdTh

3. Pasting M= 4

7t A|&E amylograph® 74 ¢F A= Table 37 2tt.
ACS] 75, H7taFe] S71gol whet 2 174 Z(peak viscosity),
A3 Z(hot paste viscosity), 37 =(cold paste viscosity),
53] Z(breakdown), =3} E(setback)e] &% X+ F4s}
© 7A%& BAth APY 75, HUbe] M et Ha
A, AR E, H3HE, A8 =7 S7HE0 2, =3l =
o] #h2 HHadte s Bt HTO 2%, AP} v’\}b‘Pﬂ

A7teo] S7Hel et Huds, HARE, HEHE, &
AE 5o A= 7oy, =3l xe] %k% st
= A%s Bth w3l EE w3t A RddA AT S
A5 ¢ e AER HELAY s =rf Yo i
Sodlo] Wzbd uf A 72 F4E 2% network FAJo] 7 o]

Table 2. Farinograh parameters of bread flour added with modified starches

Additives Additive Absorption Peak time Stability Valorimeter Elasticity Weakness
content (%) (%) (m:s) (m:s) value (v/v) (BU) (BL)
Control 0 69.0 7:00 20:00 71 100 25
3 71.0 6:10 14:30 69 100 35
6 75.0 8:30 10:00 74 90 55
AC 9 78.0 9:00 6:30 73 80 100
12 78.0 11:00 6:00 78 80 115
15 78.0 12:00 5:20 81 70 110
3 67.2 4:10 20;00 63 90 35
6 66.3 2:30 20:00 61 90 35
AP 9 65.9 2:20 20:00 59 90 35
12 65.6 2:30 20:00 58 85 35
15 65.0 2:00 20:00 60 90 30
3 68.2 2:40 17:00 58 90 40
6 68.0 2:30 15:00 58 90 40
HT 9 67.5 2:30 18:00 58 90 37
12 67.5 1:50 20:00 57 90 37
15 67.5 1:50 9:10 56 80 40
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Table 3. Pasting viscosity properties of bread flour added with modified starches

aggre L ot paste Cod pase Totl
Additives  content pasting pa'stlng temperature  viscosity V1scos°1ty v1sc0s°1ty Breakdown - Setback setback
%) temp?rature time () BU) at 95C at 50C (BU) (BU) BU)
(©) (m:s) (BU) (BU)
Control 0 57.0 21:00 87.0 610 480 780 160 140 320
3 56.5 21:00 87.3 590 460 770 130 180 310
6 55.0 20:00 86.5 540 420 675 120 135 270
AC 9 54.0 20:00 85.0 470 375 605 95 135 185
12 55.0 20:00 86.0 410 340 550 70 140 210
15 56.5 21:00 86.5 370 305 495 65 125 190
3 53.5 19:15 85.5 675 490 810 185 135 330
6 55.0 20:00 87.3 695 525 790 170 95 265
AP 9 55.5 20:15 88.5 730 540 820 190 90 320
12 53.5 19:00 85.8 760 570 835 190 75 270
15 54.0 19:15 88.0 860 630 930 230 70 300
3 55.0 20:00 86.5 635 465 750 170 115 345
6 53.5 19:00 86.0 650 470 790 180 140 340
HT 9 54.5 19:00 87.0 650 470 730 180 80 285
12 53.5 19:00 86.0 695 490 790 205 95 310
15 55.0 20:00 87.5 730 500 790 230 60 300
FolAA gov], wahrt & oA Wtk F w3t 9 Aol & ugleh AP MRS A%, 6%st 12% A7 A
wo sajolo] WrbE o URhe AL BT F ATLH o] & S Jeplon, HTY) A 6% 27 A A we
3% Choi SY & Shin MS(2009)%} FL g ATt o] A3 FEFHFS UePATh =3k [y oz i3-S AC, AP,
ERH 7 AR AR AVbel SUMESS w3 =] g HTS] £o= A7 S Fute] dnE firmnessot LA
of AR AATS & F YAL o2 WAl FAT B S ngd
F5 =3t fgad Aolgke d3E £FE U9

Apolg HolA| ko, 72 h

Hrhegol 5% FEYY

2) #o&d

ZF Algd A FaE S43 A= Table 594 20T
AC, AP, HT 257 A7} 3He] o)A <l 2po] & vl om,
HA7bFo] S7VEFE Ful9] Fro] v ke UEIT AC
o] AF, ZF A7FE el FA < Ao (p<0.05)7F A L}
e AE 37bge] UM S Bt gopre Rl
sz WA AR FHFEZ 29 AP > HT > AC]
AR 37 710, 11 Aol APSF HTE M58 S50
AL, AC7F AL 2 A3E HTh AC H7} Awe] Ry
7HAY A2 RS S8t Ao MR BAde] EdoR
£ 4 JTtB&C Word 2003).

b
(¢}
(

3) Firmness
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Table 4. Moisture contents” of white bread with add edmodified starches stored at 25C for 72 hours

Storage time Additive content Additives
(h) (%0) AC AP HT
0 41.6120.67* 41.6140.02° 41.6140.05°
3 43.00+0.94° 42.66+0.07* 41.00+0.02°
6 42.67+0.52° 42.00:0.09° 42.00+0.08*
0h 9 42.67+0.25 42.33+0.05° 42.00+0.12°
12 41.9140.19° 42.67+0.15° 41.00+0.19*
15 42.01+0.25° 42.05+0.11° 41.67+0.11°
F-value 1.718 0323 0.130
0 40.81+0.09° 40.80+0.05" 40.80+0.02°
3 41.07+0.05" 40.3340.09% 41.00+0.09°
6 41.05+0.05° 41.00+0.03° 41.00+0.13°
72 h 9 41.05+0.10° 40.00+0.19° 39.00+0.17°
12 40.02+0.15° 41.000.02° 41.00+0.11°
15 40.01£0.12° 40.05+0.11° 40.33+0.09°
F-value 5.224" 3.420° 6.903"
D MeantS.D.
? Means within a column not sharing a superscript letter are significantly different (P<0.05, Duncan's multiple range test).
" p<0.05, 7 p<0.01.

Table 5. Loaf volume (cm?)" of white breads added with
modified starches

Additive Additives
content (%) AC AP HT
0 710.00+0.08°2  710.00+0.08¢  710.00+0.07°
3 716.67£0.05°  716.66£0.17°  711.00+£0.11°
6 700.00£0.11¢  705.00+0.15°  713.33+0.19°
9 680.00+£0.03°  690.00+0.11°  686.66+0.07°
12 670.33£0.08°  680.00£0.05°  681.67+0.10°
15 656.67+0.13*  673.33+0.03*  666.67+0.08"
F-value 77.603""% 41.902" 59.306™"
Y Mean+S.D.

» Means within a column not sharing a superscript letter are
significantly different (P<0.05, Duncan's multiple range test).
™ p<0.001.

21mk-S- 35T 8 Yzhal 23 RE (A7) 72413t B2t 25T
oA H#3E 2] firmnessE S TEe] A|ZE 2ol wE

Wslg A9 B 9ltH(Table 6). APE 3 7FH 2%l A= 0~72
hs<tk AP shafo] H2<E Y2 firmness w2 R, AC,
HT 2% o] Z71842 fold oz e firmness <
e 371A] Als BT AlRte] AREsE foldos
firmness #%°| S7FFATE 2] firmness TR 2270
oJefjA] zfo]E Holuf, 7o kel wakx 7P 2 FEk=
HAE Zloz gt o] Az 3rhE Wi
zoll AC7} 71 =37t A Atk Avs de

33} Aol 54 Foll ByAde] Avke AL E1E F 3l
Atk AES AEAARe] =27 E G, o} 220} o} 24
glo] vl &, #AF 9 AlEe] Ho| o] 2p7] thE2n= 53]
wlgollA vehte 546 Abol7t itkal Ha1dKTsai ML
et al 1997; Fang JM et al 2002) A3} FASHATH

A

4) 7|5 AAt

A@d Aol 715 % 2AE AAE AT Table 77 2
Tk AC, AP, HT 55 ¢j¥e] Je7} sdste] d=olA #]9
519t} Staste) a0l A= HT 9% H7MARE, AC 3% 27}
A&7, APE 6% 7 Al87t 2t A7bEs 2ef @ AlmolA 7}
w715 E A YERSITE 2ol AN (texture) &
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Table 6. Firmness(g)l) of white breads added with modified starches stored at 25C for 72hours

Has

ol

F - ol5F

HOoFA o} RATHEETE

Additives Additive Storage time ()
content (%) 0h 36 h 72 h F-value

0 272.0142.00¢24% 515.33+4.11® 723.01+8.75 3,779.72"
3 184.67+4.53% 562.33+3.21™® 640.21£6.19°¢ 7,322.22"
6 182.33+4.93% 494.67+2.95% 324.77+3.314 5,956.34™"
AC 9 154.67+0.25% 372.67+5.938 594.31+1.10° 11,755.41°
12 148.79+0.45 336.67+2.59" 531.32:1.42°C 12,204.05""
15 128.01+1.60* 312.33+2.73% 484.00+1.80*° 19,903.00""

F-value 832.890"" 1,933.647™" 661.964™"
0 272.01+2.01°* 514.01+5.09% 723.0148.12°¢ 3,939.15™
3 239.57+1.05% 523.35+2.84% 768.09+0.92°C 43,353.51™
6 191.67+1.04* 443.68+1.91 684.01+5.77°¢ 11,284.00™"
AP 9 186.001.11% 444.67+0.28 683.91+3.01%¢ 37,150.82"""
12 176.31+1.25* 433.65+2.39"5 680.21+1.35 6,982.67""
15 174.33+1.27* 419.05+2.25% 673.05+7.71°¢ 104,494.29™"

F-value 1,485.021° 199.404™" 60.655™"
0 272.05+1.41% 511.67+3.51% 723.05+9.25°C 3,473.25™
3 237.51+0.99°* 512.06+1.25% 762.36+0.03° 49,673.45™"
6 207.89+1.91% 466.23+3.21°" 729.0142.95% 30,876.47"
HT 9 195.67+1.44* 444.89+3 31 693.35+4.62%¢ 4.266.60""
12 197.8440.21% 438.36+1.96" 691.09+1.65 3,231.29™
15 176.3142.25% 434.05+2.33%° 689.31+2.58% 4,293.37™"

F-value 534.565™" 264.886™" 96.397™"

D Mean+S.D.

2)
3)

a4 Means within a column not sharing a superscript letter are significantly different (P<0.05, Duncan's multiple range test).
A~C Means within a row not sharing a superscript letter are significantly different (P<0.05, Duncan's multiple range test).
4) *okk

p<0.001.

EolA= HT 9% A7 Al 7HE & 71355 e, W7 AVEE dEjste] Az Alse] " &
&2l A (springness) 5ol A= HT 12% 7&.7} Al 7S B2 A 7E% 7] 3EdA B4 4= Table 87 2tk W&
713 =5 YERAT) AAA Q] 7] 5 = (overall acceptance) & A7FFS firmness 2} 2] ZJ.OL o] AAAAZ VR (p<
B A= HT 9% H7F2olAl, AP 6%, AC 3% 37k Al T2 001), 7155 Aue] 23§48, okalmshs ool &
HA7lke] Al H]E] GoAo B = JFE S22 e 9] /‘*ﬂrﬂrﬁ](p<0 05)E, P =ote fro#Ql o A
WAt} o] AZFZ HT > AP > ACY] A2 WA A8 A HATHp<0.01). B3 vhsro] 543 el = amylogram,
7HFe g ARl 7|aEr) AtelE UYERllE Fo® U farlnogram/l SHAE 1t A= FBAAE YeERI S
EFstTE & = QLT o] 2HFE amlyogram-l% farinogram A 27t =
@K]E‘o] A2 EHI FABAE 7PH oM, firmness SHY
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Table 7. Sensory preference scores”
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of white bread for modified starches
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Additives
Sensory attributes Additive content (%)
AC AP HT

0 3.65+0.5223) 3.86+0.89" 3.8040.41°

3 7.28+0.23¢ 4.07+2.21° 5.00+0.14°

6 5.40+0.56° 6.89+0.26° 6.50+1.25°

Taste 9 4.82+0.11% 5.85+0.12° 7.78+1.21¢
12 4.05+0.07 5.2440.36° 7.20+0.39¢
15 3.84+0.12° 4.08+0.47° 4.20+0.62%

F-value 17.250 12.524™ 25.956™

0 3.65+1.15° 3.89+1.01° 3.6840.55°

3 6.68+2.06° 4.9842.51° 5.20+0.25°
6 5.4241.25° 6.05+1.62¢ 6.1042.15

Texture 9 5.05+1.26° 5.50+1.36° 7.25+1.02¢
12 3.78+0.26" 5.8242.36° 6.45+1.26°

15 3.68+0.24° 3.8440.26° 4.10+2.03°

F-value 15329 9.084™" 20.503""
0 4.15+0.41° 4.6542.12° 4.60+0.79"
3 6.65+0.35¢ 4.88+0.66° 5.40+1.25"

6 5.54+1.32% 6.05+0.69¢ 5.86+2.26°

Springness 9 5.26+2.55¢ 5.69+0.28" 7.05+1.32¢
12 3.84+0.55% 5.24+0.69" 7.15+1.36¢

15 3.21+0.17° 3.52+1.15° 4.50+0.29

F-value 8.898™" 7.515™ 10.540%**

0 3.85+0.87° 3.86+0.25° 3.33+0.74°

3 7.15+1.55¢ 4.45+031° 5.47+1.92°
6 5.25+2.31° 5.92+221° 6.2241.25%

1

accc):;::nce 9 5294122 5.55+1.15° 7.5141.45°
12 3.89+1.62° 4.64+1.25 6.41+2.36°

15 3.19+1.25° 3.71+1.65 4.23+6.31°

F-value 15.522™" 6.400" 18.947"""

Y 9 point hedonic scale (I: extremely dislike, 5: Not dislike nor like, 9: extremely like).

Y Mean+S.D.

» Means within a column not sharing a superscript letter are significantly different (P<0.05, Duncan's multiple range test)

sk

D p<0.01,”" p<0.001.

Ao A= 5] WEkE
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Table 8. Correlation coefficients between bread qualities farinogram and amylogram properties of bread flour with added

modified starches

Starch
content

Overall
palatability  volume

Loaf

Peak Break

viscosity down

Firmness  Setback Absorption Peak time Stability Weakness

Starch
content

Overall
palatability

Loaf
volume

Peak
viscosity

Breakdown
Firmness
Setback
Absorption
Peak time
Stability
Wakness

—0.48728

1

—0.94341"

—0.54240"

1

0.02367  0.06271

028788  0.31086

0.11060  0.05153

1 0.95862"

- 1

—0.78345" —0.19644  0.11205  0.00896 —0.34731 0.38383

040650 —0.16093 —0.51085° —0.48771  0.63998" —0.58194"

0.70644"  0.16980 —0.16854 —0.15662 033271 —0.42919

—0.40989 —0.74739" —0.87273" —0.92886"  0.64527" —0.83424"

043853  —0.81030" —0.93659" —0.94656"  0.73547" —0.84756"

1 —0.35060 —0.55788° —040166  0.68799" —0.69747"
- 1 0.81503"  0.80885" —0.65403"  0.56512°
- - 1 094145 —0.89050"  0.91070"
- - - 1 —0.76540"  0.83252"
- - - - 1 —0.87190"

- - - - - 1

" p<0.05, ™ p<0.01.
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