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Abstract

We evaluated the effects of the replacement of wheat flour with 10 to 60%(w/w) resistant starch on var-
ious quality parameters of the white layer cake, such as physico-chemical and rheological properties and
textural characteristics. The water retention capacity and alkaline water retention capacity of the strong
and medium flours increased with increasing amounts of resistant starch, whereas the sedimentation
value and Pelshenke value decreased. In RVA(Rapid Visco Analyser), initial pasting temperature
increased and peak viscosity decreased with the addition of resistant starch. In mixograph, peak time of
strong and medium flours decreased with the addition of resistant starch up to 30%(w/w), whereas the
width at 8min value increased in all flours. Increasing proportions of the resistant starch results in
reduced cake volume and the L value of the crumb. However, replacing 40%(w/w) of the wheat flour
with resistant starch did not significantly affect the hardness, springiness, and cohesiveness of the white
fayer cake. Acceptability test indicated that 30%(w/w) replacement with resistant starch can be used
without lowering the overall, flavor, and taste of the white layer cake.
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o] wslel o3 FAFE AAE 3(retrograded
starch)} &}8}8 0 2 wAgso] 4slEX] ok AR
Q] AHE 4(chemically modified starch)o]T}.
g AR g A7 dte AFHES
A7 e I 2 B4 B Z(Berry, 1986;
Eelingens} Delcour, 1995; Mun et al, 1997; Sievert
9} Pomeranz, 1989), £413l= ' (Englyst et al,
1996), AAAR F&S F7H71E W (Lee et al,
1997) 223 AFHEE FEOIG AA ] HHA
7€ W9 AEld F3(Champ, 1992; De Deckere
et al, 1992; Trinidad et al, 1996)°] Thd+ A7t
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o|FojA it} oleldt A Aol ofshd AE

2 A Zzdow AyEH 7|Fo] Ao dF
o} vlste] AFolX A3l FEA ¥ o
A udEe o8 waso FEE e @
Aake Ao za A oA ool
HA7F JoZ ¥ A U kSilvester et al, 1995;
Englyst et al, 1996).

AT AAE AHe) W3z AR 4F St
o} %5 HE 5o= A% sulAsiet AW 54
goidgo] fdo] wet Aoldf T& o8 7l
4 AZEY 2Fl Ui 277 ol vt
53] Azlsh LS F7EIEA o] A7) Ha}
7kt itk olel wmer E7]&(Zhangs} Moore,
1997; Wang et al, 1993)clu}, H2]7}8 F(Joe}
Ahn, 1996; Cho®} Lee, 1996)2 F7}3l 4o d
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A4z, 2001; Muns} Shin, 2000)7} BRI E oL} of
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AW E F41.8- American Association of Cereal
Chemistry(2000)°]] mehA] Z4 8. &, 78
22 7127](Han-Baek Scientific Co., Seoul, Korea)E
AHE8te] 105°ColA ddrtg oz g3
, A &7Ee Soxhlet FE2Ho| o8], =IE
bere A8l sl o8] 550°C 3z efA] 154
Faazl & sty FAE S T B
Ak Z2 o] f(total dictary fiber)e T FHES
Prosky et al.(1985)2] W] el dietary fiber
assay kit(Sigma Chemical Co., St. Louis, MO,
USA)S AHg-8le] £2493190t). Pelshenke value:= &
2FZE 30°CE FASL 150 mL H]o]A] dF
Fo FHTE ¥ F2Fx <ol HAg 5, g
TRE 3 gg 7SR sl AES 0%elA 60%
7 F7RE 7kl AR SAR(HIEAY 32 ¢F
F 50 mL) 1.8 mLg 7}8HaL ¥HEA|Zbo] 248 o]
gol AdejA] FEE WEste] dough ballE WHE &
, &2 g2 o] Hlel7je] ¥ dough balle] Bl
Gojz= Al7HE 243514 Pelshenke value(min)E
T3}3At). Water refention capacity, alkaline water
retention capacity$} 37 7H(sedimentation value):=
AACCR(2000)8] Aol Fsto] HAIskAT

Ao Ry

5 5y

Al7e F3EALS Rapid Visco Analyser(RVA,
Model 3d, Newport Scientific, Narrabeen, N.S.W.,
Australia)S ©]-8-3ld Al 3.50 g& HHFsto] test
canisterdl ¥ /5 250 mLE H7isle] dE
& Az F, 25°CA 95°C7HA], LB AL ThA]
50°C7HA 5°C/ming] £52 718 2 Wz A w3t
7W A2 = (initial pasting temperature), 277 % (peak
viscosity), breakdown, setbacks 27 3% th(Bason
et al., 1993).

B S

Mixograph 57J-2 American Association of
Cereal Chemistry(2000)2] EA¥hHe] wahA 10-g
Mixograph (MIXSMART Version 4.0, National
Mfg. Co., Lincoln, NE, USA)E A3l midline
peak time, midline peak height, width at peak,
width at 8 ming =439
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Me =Y ol Jee Frh B ApoA AMgS AEE, FE
White layer cake®] crumb®} cruste! M= & 2R 9 Aqebd o] UAuiA R Table 10] Ut
A = Al(Minolta CR-200, Japan)E AR&-std Hunter ey SRS 1R A AEHE, 59
el LER), a@A ), bEAE) 3-8 S35 2 ulE o] 7zt 13.55%, 13.30%, 13.20%% 25
AR H 1230% R FEFE Ave AF
s &Y AEgds FoA4 ztels: Jepsch @A o
White Iayer cake®] #5 541 AAUgla & g 7E B 1350%= 7 =3on, AYAE
A EF8)a 45"‘_ % 208S #5 ArRe= A4 & 725%Z 9.00%2] L Ave d=EERT} W
gt olEolA A4F FAE Anst 7 SAA we RolH foF Aol VEplidich A%
tste] wHEsle —E—L A7) 3., 9-point scale scoring 2 AFE FEEO LI%E 549 e AU
test® H7}stAh AR eH, BRI AFHE-S A2 0.85%, 0.80%
2 foH zelg HolA] sttt Brstw TS
ENxz2] AEEo]l 71.70%E 7P @ S UEhile
BE AR S d4T 34 o] AAw o AgHEo] 79.60%E 7P =L e HolH
& B FAE o]£3Fe] SAS(statistical analysis o]& zolE YEpLE & FE2 UItE
system) 7| package® ¥AHEA] I Duncan®] THE o] AL EFo BAGe] FASE TS UERRA
9] 715% (Duncan's multiple range testyS AR&-519t}. o AFARL 0.11%2 7P $& #g vEhd
B7HEeh folFQl AolE UERSIT
Z3}l ol &t ZHE, R T= urEBe] HEHAES 60%(w/
WA 10%(wiw) 7202 H78I9S 7% water
QHME 2 retention  capacity®}  alkaline water  retention
3t Brree) F4d JFE Fe e 2 capacity®] ¥lst& 54% AAE Table 201 et
e i, TE, U, i # 545 5ol A Widct FEEe AHeE HA7relS 749 water
on, £F FFE "I GriR AGAEY FHHA retention  capacity®}  alkaline water  retention
Table 1. Chemical composition of wheat flour and resistant starch (Unit: %)
Moisture Protein Fat Total Carbohvdrates Ash
Strong flour 13.55°0 13.50¢ 1.10° 71.70° 0.41°
Medium flour 13.30° 10.95° 1.10° 74.30° 0.35°
Weak flour 13.20° 9.00° 0.85% 76.65° 0.30°
Resistant starch 12.30° 7.25° 0.80° 79.60 0.11*

"Means in a column sharing a common superscript letter are not significantly different(p<0.05).

Table 2. Changes in water retention capacity and alkaline water retention capacity of wheat flour and resistant starch

blends (Unit: %)
Resistant starch Strong flour Medium flour Weak flour

(%) WRC" AWRC” WRC AWRC WRC AWRC

0 7430 62.34% 62.16° 56.30° 60.67° 52,18

10 75.24 62.53% 67 58.74% 63.82% 51.49*

20 75.73* 63.84* 21%® 62.27% 63.97% 36.28"

30 77.75¢ 34 74%® 64.78 66.02% 61.71°

40 78.20° 38%® 36® 66.23 71.71% 64.36%

50 80.27* 34° 75.18° 67% 78.24% 67.53¢

60 82.49° 71.96° 78.15° 70.88° 88.19° 72.38°

U'Water retention capacity
%iAlkaline water retention capacity

“Means in a column sharing a common superscript letter(s) are not significantly different(p<0.05).
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capacity®] 9221 W3yt gldioy, FEEs g
HE] A AR Il S71 w2} water
retention  capacity®}  alkaline water retention
capacity’} o208 SIS & F UTh

AEE, THE o HEHE AYHNEE 60%((w/
wyHA A7retds A5 7719} Pelshenke <]
Wl 2743 A%E Table 3] YeERSIT o
HhEow xvle wud ] viglgied], &
AolM = dwdel ko] 7Y =E AEEe
A7t 7P ot A¥ES 53 mL, FHES 285
mL, #EE-2 16.50 mLe] & JEpAE 7H 2
7FRell ARRES FURE A AR @
ol Vs X7k HEHoE gaAske A
FE RAFY, SHES EHE Brhe ZEHE
ol ¥ B A4E EolH o3 Aolg Yehisd
U Pelshenke # S FEERTHE vlgEio] ¥
e Yeplilen AddEe] o] FtEdrs
HElHoz Zaghs & 5 STk

HAA AL lactic acid?] Aol 23 L7 FE &

= D

D7FRe AhEs Hrtelde 49y &
“d€& Rapid visco analyser(RVA)E A}g-3}o]
AE Table 40 YERNSITE ZEE, FHE

Hiel 53 sjA 22k 69.7, 63.4, 78.8°CS

JE

e

A&7

$tTH(American Institute of Baking, 1997).
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T, AFAEL 10%ww)olA 60%ww)E H71sh
of wet s3} MARETF SR 60%((wiw) H7t

o A3 %

i=]
HE

==

AT} vRe) 38 HAeE

7t 247k 90.9, 89.8, 94.3°CE = FIt}. HIHE

=

W] AR 72 3 da, AUy wie < A&l 33y T Yelle 3 H=E 2y

of 7hette gluten® F-I = gluten®] swelling FE AL ol AR sk IS A He

copacity® ARSHe WT & gyl g5 W d, durEoz ¥l st 7SS Ax 4

Table 3. Changes in sedimentation and Pelshenke(PK) values of wheat flour and resistant starch blends

Resistant starch Strong flour Medium flour ‘Weak flour
(%) Sedimentation (mL.) ~ PK (min) Sedimentation (ml.) PK (min)  Sedimentation (mL) PK (min)
0 53.00M 117.50° 28.50° 93.00° 16.50° 68.00°
10 39.50° 102.00¢ 27.50° 75.50° 16.00¢ 62.50°
20 36.50% 84.50° 23.00° 63.00° 14.50% 57.50¢
30 33.00 75.50 23.00° 54.50° 13.00% 54.00¢
40 28.50" 68.00% 21.00 50.00% 12.25% 48.50°
50 26.50° 61.00® 17.00° 42.50° 11.75% 4250
60 21.50° 51.00* 15.00° 39.50° 9.25% 38.00°

"Means in a column sharing a common supetscript letter are not significantly different(p<0.05).

Table 4. Changes in Rapid Visco Analyser pasting characteristics of wheat flour and resistant starch blends

Resistant starch  Initial pasting temp.(°C) Peak viscosity (RVU) Breakdown (RVU) Setback (RVU)
(o) Strong Medium Weak  Strong Medium Weak  Strong Medium Weak  Strong Medium Weak
0 69.77) 684> 78.8° 23208 221.6° 155.9° 69.57  712° 54.5° 804 91.1f  862f
10 78.5®  709° 81.3% 183.3F 185.1° 137.3° 687" 6760 51.1° 80.0°  920° 826
20 8355  81.9° 85.0*  1464° 129.1% 101.5¢  59.3° 4559 345° 718 758  66.8°
30 85.8° 83.0° 89.5¢ 100.5° 87.9° 67.8° 385 289° 206  563° 57.7%  50.2°
40 86.0° 86.3™ 90.8% 73.8°  36.7°  43.0° 25.7° 16.7°  10.7° 45.3°  409° 34.8°
50 89.9° 874 92.0° 36.8° 295* 2420 10.1° 6.3% 5.1* 279° 283> 229
60 90.9° 89.8° 943¢ 19.6* 15.5* 14.0° 3.6 2.9° 3.7 18.1% 15.4*  10.3%

Y Means in a column sharing a common superscript letter are not significantly different(»<0.05).
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SRS LR (gluten forming protein)*l &5l ZAA =
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=
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peak= ZFHEe] 7§ AR J

9|4l zpo|7t gl FEE FEE2 Ad

ol ghako] 40%wiwpellA felFor Zrlsle A

o2 yehgdth Width at 8min2 & W7FEA]

AR o] F7g mt fejFo g Frt
S & = A3t Song et al.(2000)> RS-3% A
FAES WrkFo| ﬂﬂé‘}fﬂ 2g Az o gt
SYAAZEe] ARl Htel ofste] F7HESU
=t ol AEHY A7 wet FIkEET B2
i, W] ISRt RSP 9FE F
7] BBy Row yAsgrh.

HMEME A7 0] (2 white layer cake2| 4 Higt

vl Bof| A E-S s white layer cake®]
Bu2 243 A3} Table 63 7o) A3ARe] ¢
Fol S7VEFE caked| FH7F AR Fasts A
S Bt F9 cake®] A= ARFARS H7t

Table 6. White layer cake properties prepared with weak
flour and resistant starch blends

Resistant White layer cake
starch (%) Volume (mL) Weight (g) Sp. loaf vol. (mL/g)
0 943.0+6.51°" 395.5+0.11° 2.384+0.02°
10 901.6£8.67¢ 394.3+0.12% 2.29+0.02°
20 807.0+6.51¢ 395.4+0.18° 2.2740.02¢
30 837.248.67° 395.142.54° 2.1240.01°
40 829.5+£2.17° 391.7+0.31° 2.12+0.01¢
50 797.343.01° 391.7+0.18° 2.04+0.03°
60 75444434 396.3+1.44° 1.90+0.01°

YMeans in a column sharing a common superscript letter are
not significantly different(p<0.05).

Table 5. Changes in Mixograph characteristics of wheat flour and resistant starch blends

(Unit: mm)
Resistant starch (%) Peak time Peak height Width at peak Width at 8 min

Strong Medium Weak  Strong Medium Weak  Strong Medium Weak  Strong Medium Weak

0 500 42 39° 664  58.1° 487* 245 167 1400 19.0% 1077 53°

10 3.9¢ 44> 37 683 569" 48.9° 232* 164 163* 183® 11.5* 58°

20 3.6 400 40° 68.7° 55.6° 46.9* 253 203 15.00 165 1210 7.0

30 3 33 230 66.5% 546" 484 269°  20.7* 22.9° 171> 138 8.1*

40 330 26° 1.9 63.5" 5560 543° 262° 283" 548 176 14.6° 10.6°

50 3.1° 264 27 65.3* 555" 550° 28.8* 338" 56.0° 238" 15.0® 16.0°

60 3.3® 2.7 3.6™ 645 500° 555 272* 503 508 252¢ 187 224

YMeans in a column sharing a common superseript letter are not significantly different(p<0.03).
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Table 8. Changes in hardness, springiness gumminess
and cohesiveness of white layer cake prepared with weak
flour and resistant starch blends

Resistant Hardness

starch (%) (@ Springiness Gumminess Cohesiveness

0 1940 0.94% 101° 0.58*
10 176* 0.93* 97 0.57
20 223° 0.92° 123° 0.55°
30 285° 0.91* 142¢ 0.52°
40 306¢ 0.90* 164¢ 0.51%
50 572° 0.83° 271° 047
60 642° 0.83 204f 0.45°

YMeans in a column sharing a common superscript letter are
not significantly different(p<0.05).

Table 83} Zro] hardnesst= A A EL] Fhgo] Z7}
= o] 7k A Bied 40% F7t
F7MAE hardness® WE7F FA 1900 50% A
JHREE B WHEF Y. Hardness 71 571
3l AL ALAES HITS caked] WEV} =
P Ao AYE olF sjAEl] YsiMe &
FHS AU B U2 259 AR
st Abgste AL 1y S Yt
springness= A E2] FaFo] 40%7HAE
7t 9o 50% H7FERE F43 74+
o, 2 oo H7Rs cakeC @M ] &g
o7 AZMET} Caked] WS A3HE
Ay FRo] 978k o o] o

rol ol
of
N
e

oy

1

of
oo B
i Lol e it g
e U A L < W A

il

29 945 A48 CoE & FHaA %al
caked] A $37} Aol 3, WYY FEE

o] o HHa] A= AR AZErh(Every et al,
1988). Gumminesst™ A FHELS 20%(wiw) F7}5t
S W7 e Frkele A4S eI cohesive-

Table 7. Crust and crumb colors of white layer cake prepared with weak flour and resistant starch blends

Resistant starch L a b

%) Crust Crumb Crust Crumb Crust Crumb

0 50,5280 79.38" 16.50° -3.27 32.92% 16.07°
10 52.75° 77.33° 14.03¢ -3.08° 34.53° 16.38°
20 53.44° 7457 13.23¢ -3.06° 35.01° 16.44°
30 55.01° 73.40° 12.62% -2.99° 35.61° 16.517
40 55.17° 71.93° 11.93° -2.96° 35.83° 16.88*
50 57.98¢ 68.52% 9.99° -2.44¢ 35.95% 19.37°
60 . 60.50° 68.71% 6.29° -2.42¢ 36.14° 19.57°

DMeans in a column sharing a common superscript letter are not significantly different(p<0.05).
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Fig. 1. Sensory evaluation of white layer cake prepared with weak flour and resistant starch blends.

nesst A GAEE 50%ww) o A7HEIHE o
Aoz Zadhes ZA0E YENEY ol cake
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Fig. 19149} 7o) flavors} taste= A FHES 30%
(wiw) F7kslole w7A $& A Ao o
B}y 22 FFoAe H57t 22 d5 3
7tell 23+ overall acceptability™= A 7% 30%(w/
w) A7HAA B2 HFE ol #EEHoE ¢
3 Aoz AGHIT B ArdAERyY LihE
of AAES H718le] white layer cakeS AZE
A% AFAEE 30%wWwHA F718he Aol &
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Act.

2 o
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F BA4% B4 ¢ #5544 oud 9% HAe
A ZARET. Bk ARAES HRINE o
FTHES WEELS AR o] FIgl o
2} water retention capacity?} alkaline water reten-
tion capacity’} A8 Frletslen A7}
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AL peak heighti= 2149 2jol& et

k). Width at 8mind: 2E D7HEeA A
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Bom, APARS JA7HEFE cruste Lgkol F
7¥eh golAle AE BRI, crumbd 7HAstH
AFAAE AFE BAT otF b3t & WHEE
Ueh A= ¢8kth. White layer cake®] hardness,
springiness, cohesivenesst= A 2] Tl 40%
wiwyHE 2 W37t fled 50% A7
F4% A4S HYTh. White layer cake®] overall
acceptability's AL 30% H7/H7HA HeF L
2 58 2eE AAEHAG

EHDEH

A%, 2001 AFHRLE FArlstd Az FI)9 F
A 54, Adoista HAHE) =8, 35, danls
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