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Preservative Effects of Chitosan on Acorn Starch Gels
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Abstract

Effect of chitosan on the preservation of acorn starch gels was examined. Intrinsic viscosities of chitosans pre-
pared by deacetylation of chitin with 50% NaOH solution for 1, 3 and 5 hours at 120°C were 4.07, 3.32 and
1.78 dl/g and their molecular weights were 142,000, 107,000 and 44,000 dalton, respectively. Intrinsic viscos-
ity of 1% chitosan solution (in 1% acetic acid) was decreased with longer heating time, and yield value was
not remarkable. The chitosan solution showed a pseudoplastic fluid behavior. The observation through mi-
croscope and scanning electron microscope (SEM) revealed that the chitosan treated acorn starch gel showed
a finer and more fibrous structure than those of the control without chitosan. The estimated shelf life at room
temperature of the chitosan treated samples was 6 days, twice longer than the sample prepared without chi-
tosan. The texture profiles of chitosan added starch flour gels were better than those without chitosan. Hard-
ness, brittleness and elasticity by concentration of chitosan and elasticity, cohesiveness and gumminess by

storage time were significant (p<(.001).
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Chiting| M=

2 A HANA chiting #2]3}7] $18] Bough
F(1975)e! ¥ho] Féladd 1N HClEY o2 3l
(demineralization)*]7] t}g 448l ©HA] 3% NaOH
BHo 2 100°CaAlA 1A1ZE Bt WAl F 4
331 o)A & vhA] 0.315% NaOCl8-d g Apg-dla]
28 AT FA Az 7RIS I

Chitosan2| M=

Chitin® 2 5-€] chitosang ZA|5}7] 93l John-
son & (1984)e] WHH & <k7k A3t chitinell 50%
NaOH- & o2 120°Col| M zhz}t 1A)7E, 3A)72F 18] 1
SA1ZF Bt GolE AR T, SRS F BEA
FAE T 50~60°Coll A AzstRT 18 A Z2AF
chitosang f2]dl Yol HAslAM Ao A48t
st

CER|2o HX

SEz 22 160gol E 800 mLS YolM FES
2l T AR (3% 3X2.5 cm) &7 Hof gmA)HA,
TEe2 B¢ getlo] i8] 10% chitosan £A S z}z}
0.5%, 0.7% 12|31 1.0%% ¥ 31 chitosan solution<
H7betA] e AE 2R FTh

& A7 oA Eelgt chitin} chitosane] 2 A%
< semi-micro kjeldahl'l, 3] 8¢k 2|Hs|sly 11
I EED Bue B zuw Zz4 22 AOAC
(1990)0l) Z5tgiTh.
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39 27 BAEE Udehie A2 A 53 &l
e g4e] 3 {HFEE 4H vh5F ZL& Staudinger
2ol oj3te) BAlFE 78 4 ok
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A71M ] LAYE, k 893x10°, Mw: BAF, a
0.710]c}. A4 a9t k= Lee (1978)7} chitin 2 chitosan
of ALAIZ FAE AHEStgon, nfHEY &3
£ 93} chitosan®] &0 0.2 M acetic acid® A}-&-8}
Hor, o] Lo 7} FEHZ L& A)7 chitosan§-
o] Y EM)ZFE ol a} Zo] v EM,) ¥
FLHEM/OE 78 TS, BLYES} 209 2
HZol M HFE(M)E P8 THRabek, 1980).

Nu=n(&A 2 Fm)m(Eole F =),
No=Tw-1=(N-N)/M.,
[n]=3i333 (nsp/C(&- 9] FT)).

ArZA32 Ostwald A=A (Cannon-Fenske visco-
meter, size 75)2 Al-83ka] 25°Col|l A =3 81}

Amino?| Mak W EotMEslE EX

Chitosan®] amino?] 2% & {kE(1987)9} FF(1969)
Z9] colloid&A Y4 wa} Bttt £, 0.5% acetic
acid 10 mLel chitosan 50 mg2& o] o] £ | goll
ZF4 30 mLE 718k 3 0.1% methylene blue- &% 1~
2uk2-& zlAleko 2 ¥ N/1200 potassium polyvinyl
sulfate (PVSK)yg-H o2 A3 sted o] HYajgo e
B A o] {ely] A%ste S TYHeR
392, amino7] 9} & o1& o] AltElith

Amino”) 325(%)=[1.61 x 24 2(mL)x E}/100

o714 E= PVSKA]2E9] esterdlEo|t}. Yol g sl
(degree of deacetylation)x= chitosan®] amino”] 3]
o]|2X7} 2 100| 2.2 amino7] o] 108 T3t

UERAATHZ &, 1992).

Chitosan&ale| 2|Z=2X|

Chitin© & XE] 7}9A| 2+ @a)sle] A) 23} chito-
san2] £HHES Uolyr} 23} Brookfield visco-
meter (Model LVTYE Al#-3}] UL-adapter= 25°Coj
A Ak (N)E 0-40 s'717] RS2 71 HA 2% acetic
acid &l 884121 1% (w/v) chitosan-acetic acid &
Ao % BAE BAa,

1% chitosan &4 9] rheology E4-& o3 e
power law model?] & o] 83to] 37 HA 4 (regression
formula)y& 3led A ZAA)(K, consistency index)2}
fEX49~(n, flow behavior index)& 514 t}.
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Acorn starch gel
Cutting(5x 5X 7 mm)
Prefixing with 31% glutaraldehyde
Washing with 0.1M phosphate buffer (pH 7.2~7.4)
Postfixing with (fsmium tetraoxide
Dehydration with ethyl a]clohol gradient (60%~100%)
Soaking in isoam)%lacetate for 1 day
Drying with critical point dryer
fon ciating

Observation through SEM(15KV, x 1000)

Fig. 1. Observation of acorn starch gel with scanning
electron microscope.

Power law formula; T=K - 7,
Regression formula; Int=In K+n - lny,

o} 7]A 15 Heh-2-3 (shear stress, Pa)o] 3 y& g
£ % (shear rate, s*) ©| T},

TE2|S2 XA

10% chitosan & 7z} ¥ g Hr)sld %23
TERY 2AYsle TR vHFEE YT
o] #Fekih
Y TERRE FYEGBx3x3mm) A7 3
3te] embedding medium (OCT compound 4583)%
Eo] 322 A7) &, YF microtome (IEC Minotome)
° 2 HA(10 pm)ydlte] slide glassel] R&3sle] g o
Bo@ Aa, 54 % ethyl alcohol (10%~100%)0]
22| &}1) mounting medias © 2 1 ¥ F., cover glass
Qa FEEnF (@022 FAIUY. AFE =
EgRe viATEE A, FAAE & AZ ¥ scann-
ing electron microscope (1,00080)2 #2311 T} (Fig. 1).

au

u

~

¢

oo

jo!

il

CER|S0 EMEH
Chitosan?] EE] 5| g 2E AAE HYE]

Table 1. Conditions for texture profiles using the In-
stron texturometer

Sample size (cm) 3x3x2.5
% deformation 70
Cross head speed 100 mm/min
Chart speed 100 mm/min
Load cell full scale 10 kg
Number of bite 2

=
E fardiess (i)
Kittlaesly) ‘
l L k
A2
fe——1
Elasticity(m)
istance(m)

Fig. 2. A typical force-distance curve of acorn starch
gels. Cohesiveness : Aj/A;, Gumminess : Hardness X Co-
hesiveness

At TR ZAF chitosan& (wivyg 73
TEIEL 2A3lE 3x3x25cm A7 2 ABE &
wrap @ 2 #pA A 2o AAEEA & 2 texture ¥
512 BEAslEch A S 913 Instron texturome-
ter (Model 1000)2] #1272 Table 13} Zt}. ¢H&
Al 23} AojA]E typical texture profile analysis (TPA)
curve= Fig. 20] YeRIRlon o] 2RE Br1x] B4
A& B3

Hardnesst= Bourne (1968)2] Hhd]| ule} A|RE A
a2 AQHEZAl Fhshed YaF A1dE M)
H1nHe #olkg)Z W1, brittleness= A 11H %
F19 AAA peake] EolZ JehRAT}. 3 cohe-
sivenesst= Al 1Y FA o] HA o thr A 2AE T
WA Z A AslE o1, elasticity = A2 3 24 9] 7)
AlFEE A3 Fo|7iAe] A2 eI R gu-
mminess+= hardeness$} cohesiveness& T3l 731
o A3 Ao e 53] M EAE S sl gkt
BEFHAE 7§ v1S, SAS (stastistical analysis sys-
tem)E A}-&-3to] E-4HEA (analysis of variance)g A A)

aled o3 AH S PahAt.
23 W DE

Chitin % chitosan2| &4

e dA BAZRE A 23 chiting] AAgEe
6.97%, 3]83eEe 0.23%= Ve, chiting] A
a%reF o] 23] 6.89% THEE B & dod(E F,
1992), o] 2 8- 50% NaOH g% =2 120°Colld 2z}
241, 3 a8lm 5A17 B9t dolE sAlA Al =g 7}
chitosan®] THHE, FRF, oln|w7] Fak Y o}
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Table 2. Properties of chitosans prepared by different
heating times with deacetylation treatment of 50%
NaOH solution

Heating Intrinsic Molecular Amino Deactylation
time viscosity weight group content degree
()  @g (Dalten) (%) (%)**

1 4.07 142,000 6.83 68.3

3 3.32 107,000 7.25 72.5

5 1.78 44,000 7.52 75.2
*Amino contents(%) were measured by titration with 1/1200
N-PVSK reagent.

**Deacetylation degree(%) were calculated from amino con-
tents X 10.
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Fig. 3. Flow curves for 1% chitosan-acetic acid solution
(w/v) at 25°C.

A—A: Deacetylation with 50% NaOH for 1hr at 120°C,
[(—{3: Deacetylation with 50% NaOH for 3hr at 120°C,
O—0O: Deacetylation with 50% NaOH for Shr at 120°C.
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Fig. 4. Changes in the viscosity of chitosan-acetic acid
solution.

A—A: Deacetylation with 50% NaOH for 1hr at 120°C,
[{]: Deacetylation with 50% NaOH for 3hr at 120°C,
O—O: Deacetylation with 50% NaOH for 5hr at 120°C.
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Table 3. Correlation coefficient of Power law model on
1% chitosan-acetic acid solution

Heating time (hr) n K(Pa - 5" r
1 0.9912 0.3323 0.9980
3 0.9362 0.1159 (.9998
5 0.8352 0.7744 0.9935

n: flow behavior index, K: consistency index, r*: correlation
coefficient.

€02 AEY REY BEE ¥ 11.4%, 29HE
7.2%, A4k 2.5% 18] 31 3] Eo] 2.4%J ).

EES RS =2 =825 A ZA] chitosan 3
7He ko] ME EHF R AolH & 2ALY] Yt
Fatdn)d 2 FALEAE0ZE(SEM)E AHg-stgch
383v|7 YAl E A= 279} chitosan 3
2] 2% EHo| mizie]$) Ho| chitosan £-& A
71 A% EHe] AUEs) a5 Aow Jehd
THFig. 5). FH, FARAEE FHAb| 9B =
chitosan® 8] 52 27 Ho EHF 27} 3] ot
2 g HYE & 4 dUTHFig. 6). dET He
A+ <zl porousdti Wel2]zl HefE Ho|e 8i,
chitosan#]g] 52 ¥l wad ZW3n L HRdel
FZE Ho chitosano] =E2] HEIZITHe] network
Aol Hste Ao g AYztErt olelg ANREL
chitosan#| 2] 2o 23 EHT) duldog Ax 4
Aetdo] A4 Vet Axtel IR skt
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© 40)

Fig. 5. Photomicrographs of acorn flour gels.
A: Control, B: 0.5% chitosan solution, C: 0.7% chitosan
solution, D: 1.0% chitosan solution.
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Fig. 6. Scanning electronic micrographs of acorn starch
gel.

A: Control, B: 0.5% chitosan solution, C: 0.7% chitosan so-
lution, D: 1.0% chitosan solution

T Eg & B4 Wi} A F F chitosan® 7} 29
AL R Foll vlgle] Mefo] Ry, o A
2L Jehlodot A 23 TS S J4Ag F
FEFUS BRG] Hste wrap o2 AA A 2o
AAAsAA QT 9 vAE oFdS TS Ay AA
3dA 2T B FHo] 7} S E ) o0

6

Sturage time(days) : 0 3

Fig. 7. Preservative effects of chitosan sclution on acorn
starch gels.

A: Control, B: 0.5% chitosan solution, C: 0.7 % chitosan
solution D: 1.0% chitosan solution.



96 A2 ZE2E A 18 A 23 (1997)

Table 4. Texture profiles of acorn starch gels measured by Instron texturometer

Storage Chitosan Texture profiles
time (day) conc. (%) H B E C G

Control 3.59+0.5189 1.94+0.2484 2.80+0.0273 0.07+0.0063 0.2640.0335

1 0.5 4.76+0.3110 3.18+0.3114 0.37+0.0273 0.10+0.0817 0.49+0.0988
0.7 5.104+0.4062 4.021:0.2683 0.3640.0415 0.11+0.0168 0.56+0.0536

1.0 5.561+0.3130 3.48+0.2489 0.35+0.0353 0.08+0.0170 0.45-+0.1080

Control 4.24+0.2792 2.28+0.2588 0.29+0.0418 0.10+0.0196 0.42+0.0803

2 0.5 4.62+0.4658 3.00+0.4743 0.31+0.0223 0.09+£0.0095 0.44+0.0802
0.7 5.10+0.3741 3.901+0.5567 0.40+0.0353 0.13£0.0170 0.66+0.0680

1.0 6.1240.4549 3.5840.5495 0.30+0.0353 0.08+0.0076 0.49+0.0822

Control 3.80-+£0.2738 1.74+0.1673 0.41+0.0223 0.13+0.0235 0.50£0.0957

3 0.5 4.65+0.6538 2.72+0.5805 0.40+0.0612 0.101£0.0240 0.49+0.1016
0.7 4.50+0.3952 3.82+0.4919 0.41+0.0547 0.114+0.0200 0.50+0.0592

1.0 5.64+0.5813 2.76+0.3847 0.37+0.0273 0.11+0.0205 0.64+0.1611

H: Hardness (kg), B: Brittleness (kg), E: Elasticity (mm), C: Cohesiveness (A,/A,), G: Gumminess (Hardness X Cohesiveness).

Table 5. Analysis of variance for texture profiles of acorn starch gels

Texture
Source DF - ,_ i i
Hardness Brittleness Elasticity Cohesiveness Gumminess
Conc 3 * %k ok &k ok * K *
Day 2 * * % ok X * k% * %ok
Conc. X Day 6 - - *x *x ohk

Conc.: Chitosan concentration(%)Control, 0.5, 0.7, 1.0).
Day: Storage time(day)(1, 2, 3).

Note: *significant at P<0.035, **significant at P<0.01, ***significant at P<0.001.

Aefo] Wsiyl dabg W, chitosand 2] Hof F¢
o d 3k ¥t gk A 6d A, 2T 59
AS A&7 252 8] Foig 9 chitosan
A7t B& 0.5% chitosan &4 & 713l EEZ] EolA
REHo 2 Fgolr} HAYIHA ekte] M) Halst
#2519 cHFig. 7).

H, AR F 3Y B AFSHEA S G texture
32 Table 49 JERNQTE 7 E(hardness)s} 9
7 T (brittleness)2] B¢ 27 TE| S| w3y
chitosan 718t =EeFo] MelE%rt ET8E &
A vehgon 3 248742 F718ivtzE 3 A FE
23 4%7] AlEslH e, 12] gumminess 3 cohesive-
ness = chitosan 2]z el EE f&
74 velR] st 53] WHES A2 AE
SAS (stastistical analysis system)Z o] &&hed f-o]3}
242 % A Table 5ol VehAAth. Chitosan
7} 5 o] u}abA] &= hardness, brittleness 18] 3L elas-
ticity §°] p<0.0012] fojFEA FAE el
9Jow, 2A7) 7t webi e elasticity, cohesiveness
8]3 gumminess 5°| p<0.0012] {-oFFoM K

)48 el

2 %

AEFHZIERZ WA 1 e & dA AL o
23}od chiting A 23 & o] ZEE] 50% NaOH £
o 2 golAg a7 MG Azl whet A Z2E chi-
tosan®] RHA T, B, SoliEE I 3 2L
2ABAE ZANIR o] F A EFREAZA F840]
9l+= chitosang A ZEYUHE AR F ¥R I}
& F O AR E AP Ade ve 2

1. B2 ARRAZRE A 2% chiting] FAga
2 B8 FEe 47 6.95%, 0.23%H 2, o] ZHE]
120°Coll A 1212E, 3A1ZE, SAIZE Bt Golel 8l Al
%A 3t chitosan®] H-Hev ZHzb 407, 3.32 181
1.78019 o0, B2}k 7hz} 142,000, 107,000 “18) 12
44,000, ol g sl e 712} 68.3, 72.5, 75.2%°) A T}

2. 7V A1Zbo] doj e ube} chitosan?] AL A
Tt mE AT-EEe] Frlgo| BAaTE Yo
o, g8 2 Ao Yehtal gt Hdgo) w2
2y HEE 7F9A 7 #AQe] 2t Pgashe
A% vehgo] ke o kA4S ER T

3. Chitosan ¥ 7Hg ko] ME LB 5o HRFE
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= BEEn| g M e 25 o] vjzelg Heolxn
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4 EESY F& AFAYeIN dzTE YT
o F3o)7} LAlE] 11 MR o] Yojyuk e}, chitosan #
b M E 6dFA] EH L AT EN AL
< 22 QA 5 ALt

5. AR F TEZE9| texturey= chitosan F %ol o
8] 4= hardness, brittleness, elasticity 5°] p<0.0012}
fel52olA fel A7k vehten), 44717k He}
M+ elasticity, cohesiveness, gamminess S} p<0.001
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