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Abstract

The quality characteristics of dough and French breads containing dietary fibers, which were resistant starches
(RS3 and RS4 types) and commercial non-starch polysaccharides (cellulose, pectin, and chitosan), were
investigated. The pH of the dough containing all dietary fiber except pectin was greater than that of control
and was increased with increasing addition level. There was no correlation between pH and the expansion ratio
of dough. As the level of added dietary fibers became high, the bread baking loss decreased, and the order of
specific bread volume was 5% cellulose < 5% pectin < control bread, with no significant difference in specific
volume. When a high level of dietary fibers was added to wheat flour, a complex phase appeared due to the
formation between the mnetwork structure of additives and wheat gluten, and starch granules were heavily
masked by the increased development of gluten-network matrix after the first fermentation, like a wide spread
net. Comparing the colorimetric changes of breads with the same added ratio (10%) of dietary fibers, the
cellulose and RS4 addition breads had lower levels and the pectin-added bread had the highest value in the
redness, while the chitosan-added bread had the highest value in the yellowness. Breads with a high level of
dietary fibers showed increased hardness, gumminess, and brittleness and decreased springiness and cohesiveness.
By sensory data, breads with 5% NSP and 10% RS addition showed high overall acceptability, with higher
sensory RS score, compared to NSP addition. In conclusion, it was suggested that bread with lower than 10%
RS or 5% NSP addition, based on the amount of wheat flour, was acceptable with no considerable change in
preference/overall quality and processing in bread-making.

Key words : non-starch polysaccharide(NSP), resistant starch(RS), French bread, the colorimetric changes,
preference/overall quality
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Chemical. Co, U.S.A), chitosan(Novolite Chemical Co.,
LTD., China)2 tEFFANA Fhsch ZAA B
=g Axs7] A8 BHEGEHE, 158), °olRE
(Fermipan Instant Yeast Red, Netherland), A% 7| A
(5-500, Puratos, Belgium), 2F (5 E4F, €% 9%
o]4h), Woh7tRE4h), vlErYl C(lunsei, Japan)& AHE
sttt

2.

Rl

SEES| M=
AgALe ARG Agshe] RSIE Sieverts}
Pomeranz(1989)¢} Mun 5(2002)¢] ¥HHH o 2 RS4+

Mun?} Shin(2002)e] ¥ o 2 A z8h%lt}.

(e}
>
ok
[

3. | pH & 11X 2& F3t=

=
-

?"'FE

i 0

o
2

—

o

Ae
i)

v A 0gRE 7S HHERE
pH ¢ ¥=37tes F3sA B
pHE W= 10 g& FHS 50 mLst 27
homogenizer2 10,000 rpmell A 583 #2 35t 2
zeadS pH meter(WTW, Co. Germany)Z & 73354
o WEZ7E8 232 HF 10 g& 50 mL W &4

o0

AL
(z, OF
-

A
o

fr d

oL
)}
1o ot

W Fago vAs @S ZLotru]
#) =(French bread) W wl=3} 1

- 478 -



ol AT - Al 61

S FALA A A Z(scanning  electron  microscope, A FHE AHF FF 2 Eo|, ©d 712 Ho),
SEM, JEOL JSM-5400, Japan)©.2 B&atAch Zzte] 24 Zolg Z3se] vaddth % o ¥4
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o gk WMoz #El AMEgstRon 200042 oSt 233 FY@mLE FA@EE Yol A
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Table 1. Dough formula for french bread with resistant starches and non-starch polysaccharides

CON” CELLULOSE PECTIN CHITOSAN RS3? RS4Y
% 5% 10% 5% 10% 5% 10% 10% 20% 10% 20%
Wheat flour 100 95 90 95 90 95 90 90 80 90 80
NPS&RS " 0 5 10 5 10 5 10 10 20 10 20
Instant yeast 12 12 12 1.2 12 1.2 12 1.2 12 1.2 12
Improver 2 2 2 2 2 2 2 2 2 2 2
Salt 2 2 2 2 2 2 2 2 2 2 2
Malt 04 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Vitamin C (ppm) 15 15 15 15 15 15 15 15 15 15 15
Water 61.0 633 68.3 61.0 63.0 63.3 67.7 63.0 65.0 63.3 65.3

UNSP & RS means non-starch polysaccharide and resistant starch, respectively. PCON means the control. ”RS3 and “RS4 were
prepared by autoclaving-cooling cycle with organic acid mixtures and moisture-heating method and cross-linking with STMP and
STPP, respectively, from wheat starches.
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AA 5 cm F7 2 cm gEFo 2 22} rheometer(Sun
compact-100, Japan)E ©]-&3}le] 734 (hardness), 53
AJ(cohesiveness), €+ A(springiness), 74 (gummness),
o) A (brittleness) & &3 3I T BE AIRE 5§
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A3 A= SAS package(SAS Institute Inc., Cary,
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Table 2. Measurement conditions of textural properties of
french bread using rheometer

Test type Mastication
Parameter

Mode Mode 21
Press/Traction Press

Load cell 2 kg

Set value 15 mm
Table speed 60 mm/min
Deformation 50%
Plunger diameter 25 mm

Sample condition #50 mm x 20 mmheight)
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W59 pH7F How sha wgwel BolAA B3
ge rlbent b g e dolAv pHt Bo
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2001). Park GS E(2001)2 =rt7e] EZFEE
1%, 2%, 3%, 4% 2% A7tste] Awe AzsH
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4% A7HE AW % pHE A RobATL B
gom £9 #ZEKim EI% Kim SM 1998)o]t}
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Table 3. pH of dough and expansion ratio of dough after
the first fermentation

Addition level

(%) of NSP&RS” pH Expansion ratio

Control 4.6 2.00
Cellulose 10 5.1 1.80
Pectin 10 3.7 1.70
Chitosan 10 59 1.50
RS3? 10 50 1.80
RS4% 10 5.4 1.90
Cellulose 5 4.8 2.00
Pectin 5 4.2 1.95
Chitosan 5 5.4 1.80
RS3 20 54 1.65
RS4 20 5.7 1.75

S 2P #5H5]A] A28 A)435(2006)

UNSP & RS means non-starch polysaccharide and resistant
starch, respectively.

PRS3 and YRS4 were prepared by autoclaving-cooling cycle
with organic acid mixtures and moisture-heating method and
cross-linking with STMP and STPP, respectively, from wheat
starches.
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Fig. 1. Scanning electron micrographs of doughs added with 10%
level of dietary fibers before and after the first fermentation

COLl : control CO2 : COl after the first fermentation

CEl : cellulose 10% CE2 : cellulose 10% after the first fermentation
PE1 : pectin 10%  PE2 : pectin 10% after the first fermentation
CHI : chitosan 10% CH2 : chitosan 10% after the first fermentation
RS31: RS310% RS32: RS3 10% after the first fermentation
RS41: RS4 10% RS42: RS4 10% after the first fermentation

T2 B8R A2A A 45(2006)
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Wl AL F7] SAELS 154%01A3 #L UL
v 29l 10% F7bed AL 82 AS # pectin I
chitosang <£=A8o0] =ZA 74T ¥ cellulose,
RS3 ¢} RS4: 153~1558 et pectin & 3
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nXe A & FBFEANT de R %
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Table 4. Baking properties for french breads added with non-starch polysaccharides and resistant starches

Fig. 2. The shapes of French breads added with
non-starch polysaccharides and resistant starches

CNMWw - AE >

: Appearances of French breads

: Cross sections of French breads
: Control

: Cellulose 5%
: Chitosan 5%
: RS4 10%

: Pectin 10%

: RS3 20%

00 N~ N

: Pectin 5%
: RS3 10%
: Cellulose 10%
: Chitosan 10%
10 : RS4 20%

Addition level Bakmg Height Cross section Side length Specific volume
(%) loss ratio (cm) length (cm) @l/g)
of NSP&RS” (%) (cm) &
Control 15.4+0.07° 6.1+0.10° 6.4+0.10° 9.3+0.10° 4.820.11°
Cellulose 10 15.3+0.14™ 5.640.10° 6.1:0.07° 8.4+0.10° 4,020.15°
Pectin 10 11.620.15° 4,3+0.10° 4.9+0.10° 6.1:0.08" 2.1+0.078
Chitosan 10 14.5+0.34° 5.3+0.05° 6.5+0.05° 8.0+0.10% 3.6+0.14°
RS3? 10 15.50.14" 6.0£0.10° 6.3+0.08° 8.620.08° 4.3+0.09°
RS4” 10 15.4+0.06" 6.00.08° 6.4+0.08" 9.2+0.10 4.4+0.10°
Cellulose 5 15.5+0.11* 6.2+0.10° 6.3+0.10° 9.420.10" 5.0+0.15°
Pectin 5 15.0£0.06° 6.5+0.10° 6.30.10° 9.1+0.10° 4.9+0.06
Chitosan 5 15.3£027® 5.6+0.10° 7.0£0.10° 8.4+0.10° 4.1+0.12°
RS3 20 13.9+0.08° 5.3+0.10° 6.1£0.10° 7.9+0.10° 3.20.09'
RS4 20 14.220.19° 5.4+0.08° 6.1+0.03° 8.1+0.08 3.4+0.107

Superscript alphabet means significantly different within column (p<0.05).

DUNSP & RS means non-starch polysaccharide and resistant starch, respectively.
2RS3 and PRS4 were prepared by autoclaving-cooling cycle with organic acid mixtures and moisture-heating method and
cross-linking with STMP and STPP, respectively, from wheat starches.
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C.S S 1989, Pomeranz, Y 1988). Q& <ol A F 9]
WHEL2E7 50Co] =€H7] A7A = a-amylase$t
2259 o] Jt&EHY B2 9 oidsEart
AR AAA oligegies AEFY EHE AA
ste 4ol Atk AEY 2=V 60T =g
HY AHEEY a4 a2 Bg4stEyY A&

Hulo] HFo] dojypr o] £ BFZ oven
springe] 8} stx Y FH 9 & 1138 =7t FIHsHA
€ t}(Pyler EJ., 1988).

wo] & FAZ UiE HEHL cellulose 5% 3
7} who] 7k ZI AL pectin 5%, FJ7T We £oE A
A dehgoy o5 e & Aol7b YEREA] 93sk
on, e AU} HlE]l 10%E Avlste] H|ZSUS of
RS38} RS49) e AFAEEG A7 who] cellulose,
pectin, chitosan®} Z& v|HEAY OFHFE HA7SE A
Hoh vgFo] Q¥ AA JEisth e Fole 3
7F Ee] wet AolE BAIL AU Eo] Fobd
wel Fol7t A pectin 5%7F 7HE Fol B
F9xn 2gE Eith 22 HUME(10%)& B IS
™ RS3 9 RS4 VIS wo] 7bg Fol7F A
He] Hrt AIEE AT o E AHAVF AlRY Gt E
Zo] Ztll e F940 Aol7t AT

Jut

=

=
Z3 29 W] sF FFE Table 58 72
t}. Cellulose 5%, chltosanlo% ¢} RS4 10%S A7}
o wEL FAV wEY FEIF A JEx%R
o 3 9 WEY FE¥FS RAZ B f97
Q1 7F 19 th. pectin I} chitosan & F7IEE A

A7) vl 8ol FL254E g7 F/FHIeY O 99
Ate aHE &L XYt} Chitosane FEY
A 5] o] 4 ] A2 F BE a9E 7

003))7} Y8 o] chitosano]

AYe BEFd J st A& chitosan®] EH
A7t #o wsdAdE a7t AS RolHn
stAth 22 #HUE ¥&(10%)S HAIHE o
RS4 > chitosan > RS3 > pectin > cellulose <] )t}
5. %
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Table 5. Moisture contents of French breads added with
resistant starches and non-starch polysaccharides at 25T
Addition level

(%) of NSP&RS"

Moisture contents (%)

Control 44.0+0.5°
Cellulose 10 43.4403°
Pectin 10 442408
Chitosan 10 45.2+0.0°
RS3? 10 44.610.8°
RS4”Y 10 45.405°
Cellulose 5 45.0+0.2°
Pectin 5 43.910.1™
Chitosan 5 445+0.1°
RS3 20 44.3+0.7°
RS4 20 44.6+0.2°

Superscript alphabet means significantly different within
column (p<0.05).

YNSP & RS means non-starch polysaccharide and resistant
starch, respectively.

2RS3 and YRS4 were prepared by autoclaving-cooling cycle
with organic acid mixtures and moisture-heating method and
cross-linking with STMP and STPP, respectively, from wheat
starches.

= B crumbF 1 9] MET = Table 63 Z
. 37 9 La(E %)l 834X agh(HA )
2 08, bzk(EM X)L 1572 yeEytl Cellulose
10%, RS3 20%, RS4 10%, RS4 20% JA7ld #HES
’;"7} wol W& dE7F A JEigE 1 99 %
2 A7 B 3930 Aozt Al Aol dw
7} vl gol ¥EFE PYEIF Eokxlen 22 HUF
£(10%)& v|25t¥ S W chitosand} RS3E HJFGH
5 Agsta FH7 wrRo ¥=7F 3%k ¥A
24 g9gH ZdAE = cellulose, AZHAE F RS4
9 gdx7t 7bF T4t celluloses M9 FAT
7 9A JEst e RS4= G =7 9A e
AEZE & N WeE veid ez 73 B
21801931 tHE o)A F-H T} chitosan FH7F W =
T =4 vEigten, 2 FHUVME(10%)E HZF
£ 4 cellulose’} 19.3, RS47} 19482 YF& 71& ®H
Rom pectin F7} Wo] HME7E 7HF wRIA
chitosan {7} W& FM w7t 713 FA e
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&2 A4 (hardness), 2 (gummness),
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Table 6. Color values of crumb from French breads added with resistant starches and non-starch polysaccharides
Addition level (%)

Color values

of NSP & RSV L a b AE?
Control 83.4+1.7°% 0.8:0.1° 15.710.6° 21.8+0.2°
Cellulose 10 86.2+0.7° 0.0410.1° 14.9+1.1°* 19.310.5°
Pectin 10 84.6+1.7° 2.3+0.5° 183+14° 23.1:02°
Chitosan 10 822+1.8% 0.8+0.1° 20.740.6° 26.4:0.7°
RS3Y 10 82.7+0.2°% 0.8+0.1° 15.840.7° 22.320.7*
RS4” 10 85.0+£3.0" 0.8+0.1° 14.0+1.0° 19.410.3
Cellulose 5 83.3+1.1°¢ 1.120.1® 14.3+0.8% 20.8+0.2%
Pectin 5 82.5+2.4°* 1.3302° 14.9:0.8° 21.9:0.2°
Chitosan 5 80.9+1.4° 1.410.1° 20.340.9° 26.9+0.1°
RS3 20 88.1+2.8° 0.7+0.1° 15.9+1.1° 19.0+0.3°
RS4 20 86.3+2.6" 0.9+0.2% 15.5+0.8% 19.740.4°

Superscript alphabet means significantly different within column (p<0.05).

UNSP & RS means non-starch polysaccharide and resistant starch, respectively.

PAE is the total color change compared to reference white clay.

YRS3 and “RS4 were prepared by autoclaving-cooling cycle with organic acid mixtures and moisture-heating method and
cross-linking with STMP and STPP, respectively, from wheat starches.

Table 7. Textural profile analysis of french breads with resistant starches and non-starch polysaccharides

1‘:\(2“?% Hardness Cohesiveness Springiness Gummness Brittleness
of NSP&RS" (g / cm) (%) (%) ® (8
Control 191.36+1.79% 77.39+4.36° 92.29+1.41° 374.77+35.08% 345.62+28.85™
Cellulose 10 230.56+1.44% 68.95+0.68 90.79+1.04™ 385.37+18.37% 351.66+18.27°%
Pectin 10 450.07+1.68" 55.96+2.98° 70.95+2.29° 549.07+18.26" 403.33+25.48°
Chitosan 10 213.59+2.24“ 69.00+3.17 89.28+1.37° 366.48+24.64% 349.40+31.12™
RS3? 10 179.60+1.86" 73.46+2.72° 91.86+1.46™ 312.36+23.57" 283.58+33.65°
RS4Y 10 163.04+8.56" 71.47+1.52% 89.87+3.04™ 285.28+5.58¢ 255.91+5.30%
Cellulose 5 188.64+1.99% 72.2142.45% 91.81+1.27™ 330.61+32.337 300.26+24.57°
Pectin 5 126.16+1.682 68.08+2.23 82.28+0.68° 208.66+20.50" 178.90+11.42°
Chitosan 5 196.56+2.35% 72.1045.10% 90.88+1.14™ 352.26+32.42% 320.18+38.13"
RS3 20 261.94+3.41° 70.35+0.62"¢ 90.80+0.92 481.08+27.22° 438.87+34.44°
RS4 20 265.25+2.27° 66.53+3.65 89.70+0.56™ 390.87+24.46° 353.34123.69™*

Superscript alphabet means significantly different within column (p<0.05).

UNSP & RS means non-starch polysaccharide and resistant starch, respectively.

PRS3 and PRS4 were prepared by autoclaving-cooling cycle with organic acid mixtures and moisture-heating method and
cross-linking with STMP and STPP, respectively, from wheat starches.
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Table 8. Sensory evaluation data of French breads added with resistant starches and non-starch polysaccharides.

Addition Color Crust Flavor Texture Overall
Shaj . Grai 3 L ] .
oerI:IIZIP(gL?}i)SD pe Crust  Crumb characteristic rain Roasted ﬂoaf/t;)r Hardness Springiness Moistness  Quality
Control 72+ 6.1+ 2.5+ 7.0+ 6.5+ 59+ 0.7+ 3.0+ 7.0+ 5.9+ 6.8+
niro 03* 02  00* 0.0™ 05 04 03 0.0° 03° 0.4 03"
Cellul o 60 5.7+ 3.7+ 6.3+ 6.6+ 5.6t 1.2+ 3.7+ 7.1+ 52+ 5.6+
wose 10 o7 L1° 0.3* 14 06  03* 0.7° 0.6 0.9%%  1.0™
Pecti o 39 321 47+ 4.7+ 38+ 3.1z 57+ 3.9+ 3.7+ 7.4+ 37+
m 1.3 1.2° 05" 0.4° 0.6° 0.7 0.8 0.4° 0.6° 0.8 0.7
Chit o 51 50+ 5.6+ 6.0+ 69+ 5.2+ 6.4+ 3.5+ 54+ 42+ 48+
osan 0.9° 1.1% 0.5 0.5° 0.9° 0.9 08" 0.8% 1.3¢ 0.9° 0.8
RSP o 65t 7.4+ 3.0+ 7.4+ 6.1+ 60 0.8+ 3.5+ 6.9+ 49+ 6.2+
0.6°* 0.3% 0.3¢ 0.3 0.9 0.5™ 0.3° 0.3*® 0.7° 1.17%* 0.5>¢

) 10 7.5+ 5.4+ 2.8+ 7.6+ 6.7+ 6.1+ 0.8+ 2.9+ 7.1+ 5.1+ 6.9+
06° 0.7 0.8° 0.4° L7 0.4° 03° 1.0° 05° 0.9°% 0.6°

Colliose 5 082 57+ 2.6+ 72+ 6.6+ 59z 0.5+ 324+ 7.0+ 5.6+ 8.0+
0.4>4 0.3% 0.5* 0.4 0.6* 0.3% 0.2° 0.4% 0.5° 0.6 0.6

Pectin 5 83t 6.9+ 2.7+ 7.7+ 6.8+ 59+ 1.2+ 1.7+ 4.7+ 6.0 6.3+
0.3 0.2 0.7 0.9° 0.5° 03" 0.5% 0.9° 1.0° L.1° 0.4%

P 8.0+ 4.6+ 6.8+ 63+ 73z 2.8+ 3.1z 5.3+ 47+ 5.1+
0.67 05° 0.5° 1.07 0.6° 0.3° 1.3 0.9* 1.7% 0.9% 1.1

RS3 o 36t 524+ 1.9+ 5.7+ 64t 54z 1.9+ 3.5+ 6.0+ 52+ 59+
1.2¢ 1.1%* 0.8 0.7 09 0.6 0.7 0.8® 1.0% 1.1%% 1.0°

RS4 by 632 4.7+ 1.6+ 6.7+ 67+ 73z 0.6+ 32+ 62+ 5.4+ 59+
' 0.7% 05° 0.6f 0.7* 0.5° 05° 03° 0.7 0.3% 1.0 11°%

Superscript alphabet means significantly different within column (p<0.05).

UNSP & RS means non-starch polysaccharide and resistant starch, respectively.

PRS3 and PRS4 were prepared by autoclaving-cooling cycle with organic acid mixtures and moisture-heating method and
cross-linking with STMP and STPP, respectively, from wheat starches.
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