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Fffects of Chitosan on Shelf Life and Quality of Bread

Jin-Young Kim

Department of Food Industrial Engineering
Graduate School of Industry

Pukyong National University

Abstract

As bread uses small amount of sugar and fat, that makes it hard
during preservation. For that reason, when chitosan is added to
bread, effects of preservation and quality improvement have been
studied. Chitosan has many properties such as antibiosis and water

holding capacity. Growth inhibition of chitosan to spoilage

microbiology in bread was investigated. It was not much inhibited
growth of yeast and fungi in bread, but another spoilage bacteria
were strongly detected its effect to growth inhibition. The more
concentration and molecular weight of chitosan the better
preservation of bread. Result of measuring volume expansion of

dough showed the largist expansion of volume when approximately
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30 kDa and 120 kDa of molecular weight of chitosan was added.
But 05% of about 120 kDa chitosan was added, the volume
decreased rapidly. Tt was hardly change in the rate of water activity
during 8 days of storage period. For improve the preservation and
quality of bread, over 0.1% of 30 kDa chitosan will bring the best

result.
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FEAL A, AL T AAALFY 432, WF7 T 2FFY HH,
ZNE, oA B dA TE AL A g7t Agsta dojd 7]
Ble g oM Eslsled A 23 poly- 8 (14)-D-glucosamineo] th(Skjak-Braet
et al., 1989 ; Goosen, 1997). o|#3% F|EAHL 2-amino-2-deoxy-f
-D-glucosamined] ¥rgAo] EL amino7|& 7HAZ o] A &9
Zo|A protong WolSo o3 Hu 1 ol g EET ¥
g oozt zZtE AEAE foldA wHE 4 ol oA Eopel FH
34 o]83 4 Yri(Lee et al, 1997).

A AAdez B o 3Z4F9 H7IES oF 19 4400%HE o]FolH
=AAE AzAAAA HAAHE 7199 F& ud 129%EY FIH8kAL
91t (Muzzarelli, 1977). 719l 71EALS] F43 A4S 1970 A
A NFEe} #A YBA A7 oF 45089 F|EAte] AAAFHL O
o, $uedAE AFRE FFAM N FEd] YAHT gith

7 EALS cellulosed] FZol| ofvlieri7t T=T W9juitt DY A
du g Ad OPie dFo gEF 4k 4A texture A4
A, e 244, ARY ALY, FFA4, A A4 T B4e 7t
o =3 JEA 2 O REAE ol43ld Wy A B ZdS
&t =4 (Zikakis, 1984 ; Muzzarelli, 1977 ; Yamaguchi, 1986), %
A, A2 HaAde Fdold diF A& oA #HE(Allan, 1979 ;
Kendra, 1984 ; Jung et al, 1998), &# =H-§(Sanford, 1988), &4 B

=

L
e
R
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%3} ¢t A(Fang et al, 1994 ; Shin et al, 1992), A3/ FFAH(El et al,
1991) 52 EF7A =8 F o] AF ol § teAel § ALe=E 7]
e dAz 71EALS A7IstAY Bd Aeetd of& AAFe &
% 7]t @%(Cho et al, 1998), MWZ] AF4 2 FA nX= 9B
(Lee et al, 2001), X2 AUF H&E JA 9 AFAH FF(Kim et
al, 1995; No et al, 1995; Son et al, 1996; Hur et al, 1997), 5§ 24
A A BEA 7R (Youn et al, 2000), Pz}t AHe] AFA i (Lee
et al, 2000), % AZX A g9yide] $3 g HFAHe Y (Chun et
al, 1997), Y (El et al, 1991) ¥ @z THA Y WE AFA &
A(Lee et al, 1996) 5ol #3F AF7F @33 Jg Folw, 7|1 &
EAE o]l gF wHaEwe FA 54 Fd(Lee et al, 1997) 59 FIEA
FEA #AZ ATFE Uit

HZ FAF A3, AAF @A1F ol g wE A4
o] e B WIHE Ao, 53] W oj&e A F49)

O

Adez A U BEFHD Yok 1 F A% ¥A ¥1 a9
@ol o] §HI Sl AFIAT AFH fA9 AHEF| TE Lubuol

el H7] WEol Aed HAHNAL W 2o F4 L W wsivl w

g doj}= AL B 4 gtk gwryow wo k3E AdHAT7] 4

HAE F, #A, ARG, == BERE Fusted , A% A
E AWgHAY 1EREE Yol =3 AdAIE Aol 7e¥ Aol

t}.
FH AEL AZ ATY W AF) 22 3, B AF FEY
}e 9t Be R AF FiEe AR Hed, oled W7t



A, E9dol A4 T8 do7E A2 BuFHI §)oj(Dutkiewicz,
1% FA7rEY R viE

o] ZaHx & Bt ol AvAEY 35 FAHF W JI¥=R

d HrlEe] siwto] AAE gFHT Yk 1 Gl2H ol
Ae A A A/4E Frete e FA3(Yook et al, 2000), A
Hz712 712 4we w3 = 92 7|35 34 (Choi et al, 1999), F5
A7t o)g Amel 25stH - #FF5FH EAH P (ung et al, 1999),
T Ele E2E HuIE 2w shelflife A& F 7 (Kang et al,
2000), carboxymethyl 7]EAF H7} H&we] 4 FAF(Lee et al, 1997),
®@ 7} (Hwang, 1995)1} 77}5(Bae et al, 2001), 221 wWI}F
H7) weo] ZA AHKim et al, 2000)0) TI AF7F BIHUL, T
JME &%, flax, sxlatr] A Fol #3 AW =4 FF(Cadden,

=z
=

1=

1973), drum wheat, lupin, faba bean, pinto bean ¥ 137} EgHE 2
A %44 (Boucioglu, 1994; Sathe, 1981; Hamed, 1973; Campos, 1978) o
gg A7) ol Felzch

B AFqME 4w At o8 7iA HME F HE RERE
NEAE ol §57] AT WL Exol A7 TE AEAS AT

LIS

s2H Aol wel wEAs EA #4 zae ta drsigoh



Az 2
1. AR

1-1. 71 EZ3E

F|EALe. B3 ok 1 kDa, 5 kDa, 30 kDa 3 120 kDa¢] AL o]&
stk Bx1ek oF 1 kDaw} 5 kDadl 71EARS & obAEHstE 95% o,
za4 u A, vl 1 #ZEY (F) NEZHIZ AL oML, ¥

R =]
A, F34 1 AE M

A3F oF 30 kDad] 71EAME & obEHIE N% o1, TES

& u] A& (%) Biotech AEL o] & o, ExF F 120 kDa®} 7]
Exe & olAEsE 85% o4, FF% 20 ppm KA F T AL F
£71%), Hl& b AE9 Ag 7EAS AFE o|&3Th(Table 1).

1-2. sAHEF

g¥goz ALY FFE EF FFE ASAED, 2 5
20419} 2.

£ 2 Table
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A7)e) o] ALeA 287 EFT F B Ayisla ALow st
WA 7EA EREAL Byt 5E BEE OF £EYE WY
Slo] AEoA] 5B, Z&oA 208N oR NHS FEI}HAT. 1A HE
= e 27T, AUEE 80%, 0¥ LEAY AL, ¥F 75 g& FTEE
7] F, &% 38C, AlFE 90%, 4023 2
o 210C, 5L E 150CoA 1187 F713 A

Awpo] Al VN EAL BAF ¢ 1 kDa, 5 kDa, 30 kDa ® 120
kDa®l e zHzt 001%, 0.1%, 03%, 05%9 T== &t o T
Baragko] ¢ 1 kDa, 5 kDagl 71EAHE Bl 3o H7Ms 3, 30 kDa,
120 kDa 71E4+e 0.3% Lactic acidel 83813 ¥ pH 558 Z43to
AbgstAnh A wE: Al Bo] % MR B 89 ge A9
sla Aastgdel. =3 0.3% Lactic acid 8948 Aol Hria AL
= onlasigEd, o] 9A B & HEIte AA ARSE =

dAstA s

o

ok.O-
F&



Table 3. Ingredients for preparation of the bread

Wheat flour 100%
Activity dry yeast 2%
Sugar 5%
Shortening 4%
Salt 2%
Defatted milk flour 3%
S-500 1%

Water 63%
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2-2. &8 2 Ao Rujo] #Aosi= vAES K JAT

ZEZ YPD #jAel HFste 30TelA 24413 wigslar, Ao
o] #ostE  AHTE  Muellar Hinton Broth® Al&3std, B
lichenifofmisﬂ— B. subtilis= 30CA A S. marcescense= 37ColA 24
A WA B O.DE 022 4ASHA st T 600 ¥ 45 ml
o] WA HEPY BAF 2 v=E JENS 15 m¥ ¥d 1.5 ml
g} &3t ol wEl &x9 AIbE gEiste] A5 HAH 23ClA
mjslE A 600 nmol A FREE FAst wEA HE VBN A5

12
)
olf

S ZAAY). Aspergillus niger, Penicillium expansum3 &
AEgdgdols BExg 4 wxd JEA 15 miet PDB(Potato
Dextrose Broth) 15 mlE &3 £do] T 300 ub(10°~10°
CFU/MDE AF3sa 25T, 24X A& st & wigFdS B
3t PBS(phosphate buffered saline) &4°2 343t PDAB(Potato
Dextrose Agar Broth)d] 1% =@adle] #H g 25TColA] 48417 &<t
Mgsie FHFFCFUOE Aol & #4&e #2333 (Yun et al
1999).

SAE Awe A g F AL(LE 27CE2 F% 5% H10)0A 8
A7r AFsHEA FEF(CFUE FASAY. 449 AR 25 g& F¢
Hoz F3) dFg PBS £ 225 migt E3ste] o2 (10,000 rpm,
1087 & g 108 gAHoz 107124 323kl Nutrient Agarel
=2 5 37CoA 48217 wjgste] HE(CFU)E B EsAY.



2-4. Ao A3t

A% Am 5 go 3uje &S 7hete] 3,000 rpmo A 1E3F
A7 F, glass woold] JFHAZITE 714 HE 05 ml ol =
42 05 mle} 7.2% BHT 50 u¢, TBA/TCAE 2 mlE FH7ldlo &=
Eo] 1587 73 Hth ol & WAg o WEEd S 47T, 3,000 rpm
oz 1087 AAEsT 2 AL 531 nmoA FFEE A
TBARS(Thiobarbituric Acid Reactive Substances)®] @&, = 2w kg

malonaldehyde %¥(mg)2 2 YEY A THSinnhuber et al, 1977).

Al

2-5. H59 B JFx

HEF LEES VTR 2F 479 gEoA 50 g4 oA 250 ml
mass cylinders] ©o} 27C, AEE 80%, 027 12 L& F3
o] Aol & wlw3AT.

2-6. 2% 4

Z}ztol A]RE  15%x15x1 om =A7]Z2 AE ¥ Texture
meter(T-1-XT2, SMS Co., UK)2 Gumminess(H4]), Chewiness(% 3 -3),
Springiness(§4d), Cohesiveness(-$-34), Resilience(x94)S 20mm

diameter cylinder2 1.0 mm/s¢] £E& 2 mmo|2 F& F 533}

At} Hardness(A%E)x AGg o2 el

_12_



2-7. o] An
Almko] Ao zbzhol A|EE 1.5X15X1 cm A7|2 23, THI Y
A 21 A (JC801, Color Techno System Co., Japan)& A}g-3ts L*

(=), (HAE), (FAE) o2 Uehlglth om A88 EEUR
L L* = 9373, a* = -0.12, b* = 0.11] AT}

28. W% g A%l pH

HbEo] pHe 13 WaE A - F 47 5 g¥, 442 &£ 5 g4 o
el 108)9] FHSE 713 F, 287 #3233 3ted pH meter(HM-30V,
Toyo, Japan)2 Z%43tH T}

29. Ao FEEHE

Amg AedA 8 AFHAN A7) A2E BASA FEBA

27 7](Rotronic Hygroscop BT-RS1, Swiss)2 33T

_13_



a3 2 nF

1. &% 2 %o Rijo] F#ojai= vAE] U BT K9
AEt

EzFol ¢F 1 kDa, 5 kDa, 30 kDa % 120 kDagl 71E4E 0.001~
5%7tA F7tste] AR E we] Rsjo] #HEste sl AT A5
AA TS AT A, S cerevisiaer 3N MY F EAF °F 30
kDa®] 71EXE 001% ol #718e o oFatA AFAAZA7T Ue
U7l AR, A o 120 kDad) N EAE BE A9olA AFA
Za7 dAdoy 75% ojst® 2tk 641 wlF Fole EAYE 4 5
kDa®] 71EAHE 02% ©14 H7F A A Z3A7F vEaL, 1243 )
% Fo|= B ofF | kDagl 1EAE 0.1% o], 4% ¢ 5 kDa]
FIEAE 001% °)F H7te AS oAA aRE EAvh =, 2AF
oF 30 kDad] 7]1EANS 001% ool A8 50% old, &A% °F 120
kDa 71E4re) A= 60% o449 JA a#E vetAcHTable 4). A
7 7]|EAto] Mg o 205 Ade v TR A5E A 9
AekA k= Aer veEth

B. licheniformis= 12A17¢ #¥ % EA=F oF 1 kDa 71E4F 0.35%,
BateF oF 5 kDa F1EAF 01%, #4% < 30 kDa 71E4F 0.01%°01A
00% o]l A% S oA EHZ BAY. S narcescens EE
A 2 Hrbge] FEAA AKAMEZARE HAdou, 53] A
oF 30 kDa, 120 kDa 71EAe] 0.1% o] FxoA g AxAAE
#2 Jetlith. B, subtiliss B2 oF 30 kDa 71 E4He =7 0.0

M

Jlm

- 14 -



AA 0% NHHe BASAAEHES B FAHoz Aol Fujd
Bolsls ATEe B o 30 kDa¥® 120 kDa 71EARe] 01% o4
FrolA AstAl Aol AAHAH(Table 4).

Aspergillus niger= 2% o 1 kDa, 5 kDa 7| E4Yl A 25% ol
o] o MgAAEHS YA, £AF k30 kDast 120 kDa 71 &
A ME 05% FZ=AA 70% olste we oA FFHE YEHUHIT
(Table 5). Penicillium expansume EA% ¢ 1 kDa 71 EA4tA A5
AR a7 A JerdA @skm, BAF F 5 kDa J1EA 05%9 &
wo A o 37%2 ASAEdst BA Jebgth £4% ¢ 30 kDa,
120 kDa 71E2elAE 05% o449 sxolA 80%e A&AAEAE
Uetlig o 1 oldy wRAdAE 50% olFtE w2 AXFAAZAE
vEb AT (Table 5). o9k 2o F%ele] A5l 2 2 Aol
Hja) Aurd o o ASAAERE BATH

ERo ZFol= AFHE e BF I uyBo|Aut Ame AXE
W AR olrt Y, &R AEs AR A v, ¥%

o9 gye To g7 Y = AFR2E o U, o5L AW

s
kot
ta

e g2 7hrih =3 Al AlEE AJE-2 N-acetylglucosamine-N-ac
etylmuramic acid® @A o]tH(Yun et al, 1999 ; Weiner et al, 1992).
A, ARe Z%old e 7EAS AKAAT Aole o] WS
o] Al¥w AR zolo] 71eld Zlo] opdr} AtmHE T

whEka] 2w wbE A Gxe] AKe AA AsEA ¥, HE
FFoE 2 A aHAE F F dE JEN EAF F 30 kDadt 120

KDag 0.1% ol4e] sEz Agsts Aol vedss Az

_15_
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Table 5. Effect of growth inhibition of chitosans against mold

Chitosan Aspergillus Penicillium
niger expansum
1 kDa 0.01% - -
0.10% - -
0.35% - -
0.50% - 14.2
5 kDa 0.01% - -
0.10% - -
0.35% - 16.4
0.50% 37.0 25 5
30kDa  0.01% 12.2 _
0.10% 34.5 9.3
0.35% 50.4 57.3
0.50% 80.8 70.7
120 kDa  0.01% 21.4 -
0.10% 36.8 0.0
0.35% 41.7 56.0
0.50% 81.0 65.3

Inhibition rate was indicated by percentage as follow.

%=[control-culture of chitosan/control] x100
—: Not detected growth inhibiton

- 17 -



2. Aol nEA

2-1. R BAFo] BE nEA

0.3% Lactic acid $89& H7ta 2%, 7184 FH7b7 s 7
o o7 ATh HAe o 1 kDadt 5 kDa®) J1EATE 01% H7HE
Aow mAZ T wud 747 23 gadgoud, Ex4F o 30 kDad
120 kDa®] 71EARS 01% H7He A$olE 490 A Fo o] £
go] 2 BE F742 JehNQHFig. 1. o= 2w o] fojshe
AgEd W@ NEA AS oA FHelH ExF oF 1 kDadt 5
KDa Btk Bx1ek oF 30 kDa# 120 kDaolAl 4@ E#g m<l dst
o] x| SFeH(Youn et al, 2000 ; Lee et al, 2001 ; Lee et al, 2000).

2-2. 71E4 A7tFo] e BEA

mA77el vms) B o, B3 o 1 kDa 71 EAS HIMFol S
Jo® F4 o7t A YAAT(Fig. 2), BAF ¢ 5 kDa FEA
A7} A 01% °)449 sEAMRE T4t 23 Y23 UK Fig. 3). 8
Ak 7 EA Bxbg oF 30 kDa, 120 kDa®l H7FTE 0.01%9] 5 55E
a7t g, 53 01% o A7 A 49 B FHE ol FF
de] B2F77 24 JehdthFg 4 Fig b). E¢ HEFIHIF oo H
22 oF 1 KDa, 5 KDa 7184 B9k opuje #213 oF 30 KD, 120 kDadll A
R 7}ero] Zrletes wEavst 24 debdrh ole JlEAte] AT
o] wolds2 wEEHs 2A vebdda Rug o A7 AAsH
9] %] SHFCHCho et al, 1998 ; Youn et al, 2000 ; Lee et al, 2001 ; Lee et al, 2000).
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Log No. CFU/mlI

Storage time {days)

Fig. 1. Changes in total bacterial cell count of the bread by added
various molecular weight of chitosans(0.1%) during storage at
room temperature.

—O—Chitosan 0% (Standard)

- - & - - Chitosan 0% + Lactic acid 0.30% (Control)
—{3—1 kDa Chitosan

- - @ - -5 kDa Chitosan

—A—30 kDa Chitosan

-- M --120 kDa Chitosan

_19_



Log No. CFU/ml

Storage time {days)

Fig. 2. Changes in total bacterial cell count of the bread by
added various concentration of chitosan(M.W. 1 kDa) during
storage at room temperature.

—O— Chitosan 0% (Standard)
—{— Chitosan 0.01%
- - 4 - - Chitosan 0.10%
—#A— Chitosan 0.30%

- - # - - Chitosan 0.50%

_20_



Log No. CFU/ml

Storage time (days)

Fig. 3. Changes in total bacterial cell count of the bread by
added various concentration of chitosan (M.W. 5 kDa) during
storage at room temperature.

—O— Chitosan 0% (Standard)

—{3— Chitosan 0.01%

--4#--Chitosan 0.10%

—4— Chitosan 0.30%

-- 8 - - Chitosan 0.50%

_21_



Log No. CFU/ml

Storage time (days)

Fig. 4. Changes in total bacterial cell count of the bread by added

various concentration of chitosan (M.W. 30 kDa) during storage at
room temperature.

—O— Chitosan 0% (Standard)
—{1— Chitosan 0.01%
- - 4 - - Chitosan 0.10%
—&N— Chitosan 0.30%

- - - - Chitosan 0.50%

..22_



Log No. CFU/ml

Storage time (days)

Fig. 5. Changes in total bacterial cell count of the bread by
added various concentration of chitosan (M.W. 120 kDa)
during storage at room temperature.

—O— Chitosan 0% (Standard)

—— Chitosan 0.01%

--®--Chitosan 0.10%

—2A— Chitosan 0.30%

- - #l - - Chitosan 0.50%

_23_.



3. A% Aste] WA= 4F

Xue 5(1998)e 71E4te] & 43 &z 7HAx Qv d7A%s
Bastgeh ool £ Al Aue] s JENES Avlstel A%
8 ot 3 AEZ 2Asgch B o 5 kDa JEMINE A}
o] z7184% o A3k aTs Y, 53 03% ol HH A
© Z77} ERHFig. 6). EAF o 120 kDa 71 £ A= 0.1% ol 4
A7 A 3 A3 237 =gokFig. 7). olAre] Azt o] JE
ate] BAper @ Hrlgo] EAARSE Ao MEE AANE Aow
gehdt. ole 7B F da5e AL o B 0 Arr
o] 2842 8 48 A/ ERTE Youn $(2000)¢ Aete I

l

ot

4-1. 71BN EAFY BE FAPIE
03% Lactic acid "8 47 FA% 2 1 kDa SkDa 71E4S 0.1% 7
@ A4S P97 BAEAY, NEE AFS Btk e BAF o
30 kDa, 120 kDa 7| E4+S 01% #7He Agole 239357 aA o
EutthFig. 8). 7152 £x4@o] AQFE s S YA ol
ol =l (Lee et al, 2000 ; Kim et al, 199, ol & B4 wr&e] Rug
WA 7 = Bl Aole ARHTh ek B o 30 kDa 7)E
2wy AL AL 5 Y Ao Adan
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0.21

—~ o.9}

jo

4]

© 0.7 |

3

o 0.5

x

<

g 0.13 |

o 0.11

= 0.09

(72}

T 0.7

a

= 0.5
0.03

Storage time (days)

Fig. 6. Changes in TBARS value of the bread by added various
concentration of chitosan (M.W. 5 kDa) during storage at room

temperature.

—O—Chitosan 0% (Standard)

—{3— Chitosan 0.01%

- - 4 -- Chitosan 0.10%

—+A— Chitosan 0.30%

-- 4l - - Chitosan 0.50%
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—~ 0.19

©
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an]

o 0.15 |

X

<

g 013
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€

<  0.09
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=  0.05
0.03

Storage time (days)

Fig. 7. Changes in TBARS value of the bread by added various
concentration of chitosan(M.W. 120 kDa) during storage at room

temperature.

—O— Chitosan 0% (Standard)
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4-2. FNEA A7tFe] e FPFE

o Ao A% Aze|H FAF o 30 kDa, 120 kDa 71EA #7H Al
By REs 24 et B oF 30 kDa, 120 kDa 7|4 #7
e goldle ERuRPes Adrgch EAY o 30 kDa 71E A
7t A 019% ol Al MBE Husl Fpetel 05% A7bTolA F¥7E 7
& 7 H(Fig. 9). B2 oF 120 kDa 714t Afel= A7FFol Wel
Aoz ByRRwrt Z7A 05% A7 Al 37t 343 #
289 Fig. 10). 71 EAbe] Bxgk @ A7lgo] Z7HEFE 899
AL T8 Zolx=d(Lee et al, 2000 ; Kim et al, 1994), ©]$} #Z°| &
2k oF 120 kDa 7| EAFS 05% A7td Aol 78S 849 A
U7 e A5z Qs Aue Bygioe] Asd e Asdn

1o}

JEAS B 01% A7t E4E SAFAHTable 6). 4
Hol@ &9 77 A% Az Ehsted 28 AUAR 4%
B ez wAe] . BAF ¢ 1 kDa¥ 5 kDa 7|E4 #7bs
mAFR Aol ekt "ol o, Ex# o 30 kDa 71EA 7}
Fol A o7t Holmal, BAF oF 120 kDa JIEAL HIFAME 7HR
wolm e B 2 gl AaAT gEd e7HE duAR AR, &3
A 9 s BAy Aok JEA FRIETS was & oo, EAF oF
1 kDad} 5 kDa 71EAF #7b7e f@4do] @okor), #AF o 30
kDa®] 7)E4 AT E vl&ga, B4 oF 120 kDa 71 =4 #7t

l#

f
:
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Arbrs BAEE Rolst

rlo
N
i
22

FolAE A Utk w4
Aol ggled, $RATH 29

We R4 o 120 kDa 71 B H7be
A ozt =A UEhgTh o4 E%e nd, BAY e JIEN

A7k B0l okgte] 9ge WMAE Aoz Amd,

AEe Azl AE e E£x4Fo] £&54% o 57 UE
gtk 2, AGvIke] ol dss RS FAATANE FEs} 2
A EAme), AR AAFAAE A Waksh HA deht 23
B 49 olFol FIEAe Exgol ¥e4% ARt R vy
(Fig. 11). A% % ZA=ase F 29
¥ oA uFo] wol FeAS AZMSA Awel wakE ol Ak o
A % YL Ao Aruh

rTo
2
e
o
b
oty
2
o
e
P2
(o
I

6. 2% Ax

AES Frtste FE 5 AL @9 HridA wg T3 oA
Ak, F3 @ F Mo] Fojol WEAAYHA Y VY oplF, FUE
FAAZ ) wEel AW FZAE wojop Y. 53 AAE

==
N
%

X
7} 8} ® &} (Caramelization) ¥r-&3 W9 g = (Maillard) ¥l 2|3
S WA Ao

AEae Whge e Awel 4 AsE 23 A3 A% wu
s BA% o 1 kDa 71E4F Bl s o 1A, £4% F 30
kDa 7| B4 "7bgelAds vlsga, B3 oF 120 kDa 71 A H7H
o= wigith 4AE 2 AT I gt FAE FEFE UEAA
v} R WxE B oF 1 kDa, 120 kDa 71 EAF A 7Foll A
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Fig.11. Changes in hardness of the bread by added various
molecular weight of chitosans (0.1%) during storage at room
temperature.

—O— Standard
--&--1 kDa Chitosan

—1— 5 kDa Chitosan

-- 4 --30 kDa Chitosan

—4N— 120 kDa Chitosan
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obzh wghouh, BAZ o 30 kDa 7184 ArToIAE o7t wekth
% 2AF o 120 kDa B4 AN 27 ¥R, YRS
2 oF 1 kDa 7|EAF H7bFolA =3 EH(Table 7). ©]42 4

o, 224 o 30 kDa 71E4 FATE A )R o

)
sw, T R el Aol: Ao de uAA L= Ao

Me
S
\1

7. ¥k 2 Awo] pH W3

gyt APPe] wel Mg TRV HEo] Wi o shA] 2E
2o s pHE "W Axe A pHY 45~49° A 4
2 AFES gEste] FIEANS wEe Hutd Ae 7IEY A5l v
3 pH/l 27 g0l Ao g YeEGtH(Table 8). 2wWolA = £4% oF
1 kDa, 5 kDa, 30 kDa 71 EAFe] =8 &3 A9 719 A5 H
8 pH7l <7t @A Jebga, % 9F 120 kDa 71 EANS #H7ME A
Sol A= pH7 o7t B RAo® vehtey A9 Aolrt YA ity
(Table 9). 71E4te] BA= @ sxwg Hrs - Axd 2ns 429
A 8zt AAst= B¢ pH WEE HAuE A, AZ7|zre] wE pH

f
(2

ofs

#stE 7o 1Y ThFig. 12, 13, 14, 15). ol #7bske 71E4te] pHE
55% vl zdsAa, £ HA7tE slEde] dEel AA 9FE A
A e A3z Asdrh
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Table 8. pH of the dough by added various molecular weight
and concentration of chitosans

pH
Sample
before fermentation after fermentation
Standard 5.53 5.33
Control 5.54 5.27
1 kDa 0.01% 5.41 5.26
Chitosan 0.10% 5.41 5.26
0.30% 5.40 5.25
0.50% 5.40 5.24
5 kDa 0.01% 5.43 5.25
Chitosan 0.10% 5.41 5.24
0.30% 5.46 5.26
0.50% 5.41 5.26
30 kDa 0.01% 5.51 5.25
Chitosan 0.10% 5.53 5.25
0.30% 5.52 5.26
0.50% 5.54 5.26
120 kDa 0.01% 5.56 5.23
Chitosan 0.10% 5.52 5.26
0.30% 5.56 5.25
0.50% 5.55 5.25
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pH value

o 2 4 6 8

Storage time {days)

Fig. 12. Changes in pH of the bread by added various
concentration of chitosan(M.W. 1 kDa) during storage
at room temperature.

—O0— Chitosan 0% (Standard)
- - & - - Chitosan 0.01%
—{O— Chitosan 0.10%
-- @ -- Chitosan 0.30%

—+A— Chitosan 0.50%
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pH value

4.5 .
0 2 4 6 8

Storage time (days)

Fig. 13. Changes in pH of the bread by added various
concentration of chitosan (M.W. 5 kDa) during storage
at room temperature.

—O— Chitosan 0% (Standard)
- - & - - Chitosan 0.01%
—O— Chitosan 0.10%
- - @ - - Chitosan 0.30%

—A— Chitosan 0.50%
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pH value

0 2 4

Storage time (days)

Fig. 14. Changes in pH of the bread by added various
concentration of chitosan{M.W. 30 kDa) during storage

at room temperature.

—O— Chitosan 0% (Standard)
- - & - - Chitosan 0.01%
—{3— Chitosan 0.10%
- - @ - - Chitosan 0.30%

—+— Chitosan 0.50%



pH value

556 |

4.5
0 2 4 6 8

Storage time (days)

Fig. 15. Changes in pH of the bread by added various
concentration of chitosan{M.W. 120 kDa) during storage

at room temperature.
—O— Chitosan 0% (Standard)
- - & - - Chitosan 0.01%
—0O— Chitosan 0.10%
- - @ - - Chitosan 0.30%

—A— Chitosan 0.50%
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8. Ao £+EEA

8-1. 7| EA BAlFo] mE FSEFAH

2aay JEAL 01% H7E AWe 8UZH AFHUM FEBA
(Aw)e] H3lE gotrgtth A z7|ole FIEAS EAFo] ADFE
FEZHo] 2F WA UeRth ole JIEAY AR AT
Zgo] Fold W Uiel APy Frisky] MEY Aoz A
(Knorr, 1982 ; Knorr, 1984) . 28|31 AR 7|7te] ZAASLE FREA
o] W JEAS F7Me A$Ut JELE FulehA &L BeET
Zo| Hrk 53] & oF 30 kDa7} 120 kDad} 7|E4F H7HAE ¢
3yt A9 A tHTable 10). o]} To] F1EAIS] AU Y=
Aol ANF F FES FAAFL2ZA AW =3 AAdx &7}

AL Ao 2 AL FtH(Shin et al, 1992 ; Lee et al, 2000).

oL

H

M
o,
o F

rr

?

8-2. 714 A7l F e FE8A
BaE J1EANS 474 FEE gEsted Frigh § 8d AAstd

A RGNS E AR EAF oF 1 kDad] 71E4RE 03% ©]

Aol FEE FHUE A FEEAH Wiyl HAAx(Fig 16), EAF oF

5 kDa o]A+9] F|EANS A7 RE ZASdME FEEATI vls3

AthFig. 17, 18, 19). £3] ExF <F 30 kDa, 120 kDa®] 71EAS 3

7be A FESEEEIE A |/
_}r:

&% B & AdNTHFg 18, 19). oA
o pAPY M AYE Bey

Aol zto] WEQ Aoz Alg HTUL
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0.98

Aw

Storage time (days)

Fig. 16. Changes in water activity (Aw) of the bread by added
various concentration of chitosan(M.W. 1 kDa) during storage
at room temperature.

—O— Chitosan 0% (Standard)
- - & - - Chitosan 0.01%
—{— Chitosan 0.10%
-- 4 -- Chitosan 0.30%

—A— Chitosan 0.50%
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0.98

Aw

0.94 |

0.93

0 2 4 6 8

Storage time (days)

Fig. 17. Changes in water activity (Aw) of the bread by added
various concentration of chitosan{M.W. 5 kDa) during storage
at room temperature.

—O— Chitosan 0% (Standard)

- - & - - Chitosan 0.01%

—{1}— Chitosan 0.10%

- - 4@ -- Chitosan 0.30%

—aA— Chitosan 0.50%
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0.98

0.97

0.96

Aw

0.85 25

0.94 |

0.93
0 2 4 6 8

Storage time (days)

Fig. 18. Changes in water activity (Aw) of the bread by added
various concentration of chitosan(M.W. 30 kDa) during storage
at room temperature.

—O— Chitosan 0% (Standard)
- - & - - Chitosan 0.01%
—{— Chitosan 0.10%
- - 4 - - Chitosan 0.30%

—A— Chitosan 0.50%

_46_



0.98

0.97 X

0.96

Aw

0.95

0.94 |

0.93
0 2 4 6 8

Storage time {days)

Fig. 19. Changes in water activity (Aw) of the bread by added
various concentration of chitosan(M.W. 120 kDa) during storage
at room temperature.

—o— Chitosan 0% (Standard)

-- & - - Chitosan 0.01%

—{— Chitosan 0.10%

-- & - - Chitosan 0.30%

—4— Chitosan 0.50%
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e Agd §A9 AsFe] 7] WEe REH FA% G =
§71 we) Asdo] dmaA s 5o FAME AAA Bk WA 7
galo] e d#4 2 BEA 59 o AR JAL S8 Aw
o FENS ANEAYS W AL & Y= BEH D EA G4 wH
gl A7 A7E ackad e 2ok

&R B A Hsje] wolai: mAR U@ FENY ASAA

oz JEMN o Ewe AKIAET}
= W) gEes, S8 A4 BEAZ Ages 2AGAE A%
94 EAA obF WA Urhith £g ggold @ ALAETE
ofF WAl GEhton), BE B AFse 2N $24F o 30 kDast
120 kDaol 4 Za1A Aol o AH e

l

2. Ao} REEI= FAF o 30 kDadh 120 kDadl 71EAHS H71R
Agel ZA vebgth =@ A7 Bess REEHL T Qow

-
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4 EAN HA/NMEL BEAA RYWPEE 24T AW, 2AF o

30 kDa, 120 kDa®l F1EAF #H7}F Al F

Ex1eF oF 30 kDao] 7|EALS F7bS ALl Bt AR 2 Re=

Uehtth £ 71EA] A7l ET 21848 ROgAEE &
o} Bz oF 120 kDad] F1EARSE 05% AH7IE Afoles 247t F

5. Aol BAe Bzt of 120 kDad] J1EA Vb Al HA, WIA,
<34, B94c], 30 kDad] 71EAF H7t Al A4F Rl S/
ArE AAz7|ds BAF oF 30 kDa, 120 kDa® J|EANS A7
=4 vehtoy, AR Fole Axwsyl WA #AH AF
71ZHES =38 oJAste AR e

o
N _{o

2

Hi

6. Amel e BAF of 30 kDas] FEA H7b Al wel W, 93e)
W, AdE, FAE A JBL wAA @t AR ek

7. AEAS A7t Az wFe pHE FrEtA 4L AgEth b
ety =3 Awe] pHE Ex13F oF 120 kDad 7|EAMS H71e A
02 AoFnt HrlA e Hou) okzk AEF oL} JEAY]
FEz #3713 w2E pH W & 4% TA= &4

l

Ho

pAFEE JEALS M AW 8UT AFHEA +EBA(AW)

T8 2% 8 2 A%, AR2IldE R4 Bl EoldsE £

*
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4 8 2 A%, AgzldE L] BAFe] wopds
s FRgdRE @A uedtd, 89 AFEd rrgdusic A

QA YER} SRol #48S & 4 vk

o
O

ool A ulol & w, Aue] Fofo BojdhE uEe) I
ge 2% oF 30 kDas} 120 kDa®} 1B eNA 2 &7t 24 g
what, Aol AFAdelE FAE oF 30 kDad 120 kDa®l 7]®Ato]
olytom, 2mel BAOE wirixAgt AddEn. =Y, #AF o 30
kDa®l 7124 #7F Al Ao o, 59 B3x, Y, FAwd 79
gare pAx = Aoz veiwgy. 2y JEA BAE o 120

kDa¢] A4 22 ZaAA FA ¥ 4FE FIAH JIEMNY F
o 9olxE= ExbEF oF 30 kDa 71EALY 0.1% o449 FEeA A%

A g 2 Ryle] BAEnE vebdch mebA e REdH 4
gL Y=, JIEA BAF oF 30 kDa, 01% °]d A7 Al 7
=
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