UNN 3

a d
Hallaz vt

b4 o

3.1 msm‘%'ﬂu’a’mqﬁu,'lﬂﬁuuaz"lﬂimaqmmmﬂaﬂn‘sr'mﬁ’aﬂaﬂawn (P. monodon)

Q2 9

[+ %4 =\

a d ' v 9 o
agAvGNANIWI sy INldend1uIAenNa18 (Penaeus monodon) 1¥iwa

9

HAANIAY 4.60% Yo minAlenninuldendiuiadenaidi nseaadlu 10.75%
: v A ' v 9 o Y ‘sy o a
vanimintunnnldenaruiiinaidmdunzidetinnuarein uazAaily
36.51% voarmnuisanldendiuiidenardmdsey dmsuniswson'lnay
11l denaaunafenaidl nud Wrandamifiy 19.31% vesimiinuisoin
A ' v 9 o LY =
nasnaauiinnaue awaasluaisen s

9/ o

M3 5 HawdaInmsiasoudagaulfenduiidenaid

Q Q

Table 5 Production yield of black tiger shrimp head material from raw material preparation

Steps of preparation Wet weight (kg) ~ %yyield
Raw material 50.00 100.00
Evisceration 21.40 42.80

Drying 6.30 12.60°
29.44°

Sizing 2.30 4.60°
10.75°

36.51°

Chitin 0.44 0.89°
2.05°

7.04°
19.31°

" Base on weight percentage of black tiger shrimp head material.
"Base on weight percentage of evisceration.

“Base on weight percentage of drying. “ Base on weight percentage of sizing.
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Table 6 Production yield of chitosan prepared from P. monodon under various

conditions of deacetylation process

Deacetylation . -Capital (Bath)/g of
Time (h) % yield (dry basis)

conditions chitosan
0.5 88.701+3.21" 1.65
atmosphere 1.0 69.7012.75° 2.10
2.0 78.3411.91° 1.87
0.5 74.9410.98° 1.95
vacuum 1.0 71.471£0.84° 2.05
2.0 72.47%1.93° 2.04

** Means with different superscripts within the same column indicate significant difference (P< 0.05).

%
Mean £SD from triplicate determinations.
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Table 7 Molecular mass and degree of deacetylation of chitosan prepared under

various conditions

. | Degree of deacetylation
Deacetylation Time Molecular weight ¥
(%DD)
conditions (h) (kDa)
0.5 345+67.85 ¢ 35.6710.438°
atmosphere 1.0 15001269.12° 74.80%1.029"
2.0 2470+611.19° 74.1910.53"
0.5 4200%513.05" 63.9110.83°
vacuum 1.0 4950%1189.71" 65.4110.62"
2.0 5260+1490.74" 68.2810.24"

A Means with different superscripts within the same column indicate significant difference (P< 0.05).

*
Mean 1SD from triplicate determinations.
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Table 8 Antimicrobial effects of chitosans prepared under various deacetylation

processes on E. coli, S. aureus and C. albicans

Deacetylation | Time (h) MIC (ppm)
conditions E. coli S. aureus C. albicans
0.5 625" 625" 625"
atmosphere 1.0 625" 625" 312.5°"
| 2.0 1250™ 625" 312.5%°
0.5 1250™° 1250™" 625"
vacuum 1.0 1250™* 1250™" 625°°
2.0 625" 625" >1250™"

ot R e T S e

*“ Means with different superscripts within the same column indicate significant difference (P< 0.05).

“ Means with different superscripts within the same row indicate significant difference (P< 0.05).
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Figure 6 Effect of chitosan deacetylated under atmosphere (pink) and vacuum (green) for 0.5 (@), 1.0 (Ml ) and 2.0
(A) hour on (A) E. coli, (B) S. aureus and (C) C. albicans. Control was 0.06% acetic acid (orange), (‘)
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Table 9 Antimicrobial effect of hydrolyzed chitosan prepared by using H,O, on E. coli

S. aureus and C. albicans

Concentration | Molecular weight MIC (ppm)
of H,0, (kDa) i E. coli S. aureus C. albicans
0 mM 3260+734.95 625" 625" 312.5™°
5 mM 157164.94° 625" 625" 156.25""
10 mM 3.1710.21° 625" 625" 78.125°°
25 mM 0.23610.06° | 1250 625" 78.125%°

*® Means with different superscripts within the same column indicate significant difference (P< 0.05).

“ Means with different superscripts within the same row indicate significant difference (P< 0.05).

%*
Mean £SD from triplicate determinations.
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Table 10 Antimicrobial effect of hydrolyzed chitosan prepared by using lysozyme on

E. coli, S. aureus and C. albicans (buffer pH 5.0)

Time of Intrinsic MIC (ppm)

Hydrolysis | viscosity (n)* E. coli S. aureus C. albicans
0 min 11.13%0.18" 625™° >1250"* >1250""
5 min 10.55%0.02° 625" >1250"* >1250""
10 min 9.96%0.01° 625" 1250 °° >1250"*
30 min 9.5610.07° 625" 1250°° >1250"*

24 hour 9.0610.03" 625" 1250°° >1250""
48hour | 5.82%0.05" 625" 625" >1250**
72hour | 5.6530.06 625" 625" >1250**
96 hour | 4.95%0.02° 625 625" >1250 "
1 week 2.45%0.02" 625" 625" >1250**

AH M eans with different superscripts within the same column indicate significant difference (P< 0.05).

** Means with different superscripts within the same row indicate significant difference (P< 0.05).

*

Mean SD from triplicate determinations.
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Table 11 Antimicrobial effect of hydrolyzed chitosan prepared by using chitinase on

E. coli, S. aureus and C. albicans

Time of Intrinsic MIC (ppm)

Hydrolysis | viscosity (n)* E. coli S. aureus C. albicans
0 min 2.7010.07" 625°* 625°" 312.5°°
5 min 2.6010.10™" 625°° 625" 312.5°°
10 min 2.3840.05" 625°" 625°* 312.5°°
30 min 1.8310.45° 625°° 625°* 312.5°°
24 hour 0.7610.09° 1250™" 1250 312.5°"

48hour | 0.69%0.0.1° 1250 1250 625°°
72 hour 0.6710.06" 1250 ** 1250 ** 1250 **
96 hour 0.5710.02° 1250** 1250 1250 **
1 week 0.5610.08° 1250** 1250 1250 **

A Means with different superscripts within the same column indicate significant difference (P< 0.05).

*® Means with different superscripts within the same row indicate significant difference (P< 0.05).

*
Mean £SD from triplicate determinations.
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Table 12 Antimicrobial effect of hydrolyzed chitosan prepared by using papain on

E. coli, S. aureus and C. albicans in method I (buffer pH 4.5)

Time of Intrinsic MIC (ppm)
Hydrolysis | viscosity (1) E. coli S. aureus C. albicans
0 min 8.4210.05" >1250™" 1250™" 312.5™
5 min 2.21710.02" >1250™" 625" 312.5"
10min | 2.05%0.03" 1250 625" 312.5"
30min | 1.9410.14° 1250 625" 312.5™
24hour | 1.92%0.08" 1250°° 625" 312.5°
48hour | 1.4510.04" 1250%* 625" 312.5%
72hour | 1.4410.06° 1250°° 625" 312.5™
96 hour | 1.3210.06° 1250°" 625" 312.5°
1 week 1.13%0.08" 1250 625" 312.5™

A Means with different superscripts within the same column indicate significant difference (P< 0.05).

** Means with different superscripts within the same row indicate significant difference (P< 0.05).

%k

Mean 1SD from triplicate determinations.
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Table 13 Antimicrobial effect of hydrolyzed chitosan prepared by using papain on
E. coli, S. aureus and C. albicans inmethod II (buffer pH 5.0)

Time of Intrinsic MIC (ppm)
Hydrolysis | viscosity (n)* E. coli S. aureus C. albicans

Omin | 1.9610.59" 625" 625" 312.5™"

5 min 1.7910.08" 625" 625" 312.5%"
10 min 1.5010.12" 625" 625" 312.5™"
30min | 1.43%0.11° 625" 625" 312.5™"
24hour | 1.30%0.05" 1250™ 625" 312.5™
48 hour | 0.9710.07° 1250"" 1250™* 3125
72hour | 0.97%0.10° 1250™* 1250™ 312.5™°
96 hour | 0.4510.21° 1250™* 1250™* 312.5"°
1 week 0.2830.11° 1250™* 1250™ 312.5%"

A Means with different superscripts within the same column indicate significant difference (P< 0.05).

** Means with different superscripts within the same row indicate significant difference (P< 0.05).

*
Mean XSD from triplicate determinations.
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Table 14 Effect of chitosan solvents on antimicrobial activity of chitosan against

E. coli, S. aureus and C. albicans

Solubility MIC (ppm)
Solvents pH levels C.
| E. coli S. aureus
(+, ++, +++) albicans
Acetic acid 6.20, 5.08° H+ 625" 625" 312.5°°
Formic acid 5.26, 4.07 +++ >1250** | >1250™* | 312.5°°
Lactic acid 6.44,5.15 ++ >1250™* | >1250™" | 1250™
Propylene glycol - - ND ND ND
DMSO - . ND ND ND
ND = Not determined, +++ = readily soluble, ++ = soluble after stirring for 30 min, - = insoluble.

' Final pH of MHB.
 Final pH of PDB.
A® Means with different superscripts within the same column indicate significant difference (P< 0.05).

*® Means with different superscripts within the same row indicate significant difference (P< 0.05).
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Table 15 Effect of pH on antimicrobial activity of chitosan against E. coli, S. aureus

and C. albicans

MIC (ppm)
pH
E. coli S. aureus C. albicans

3.5 NG NG NG
4.0 NG NG 156.25>"
4.5 156.25* 156.25>" 156.25>"
5.0 156.25°* 156.25>" 156.25°"
5.5 156.25>" 156.25°" 156.25°%
6.0 156.25°° 156.25°° 156.25>"
6.5 625" 625" 312.5™°
7.0 625" 625™° 312.5™°

NG = No Growth.

A Means with different superscripts within the same column indicate significant difference (P< 0.05).

*® Means with different superscripts within the same row indicate significant difference (P< 0.05).
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Table 16 Effect of temperature on antimicrobial activity of chitosan against E. col,

S. aureus and C. albicans

o MIC (ppm)
Temperature (~ C)
E. coli S. aureus C. albicans
control (no heating) 15625 | 15625 | 156.25™
72 15625 | 15625 | 156.25"
100 15625 | 15625 | 15625
121 15625 | 15625 | 156.25™

A Means with different superscripts within the same column indicate significant difference (P< 0.05).

* Means with different superscripts within the same row indicate significant difference (P< 0.05).

< v Y :/ a Ad a v ti A b %4 v
3.7 ﬂ'ﬁﬂﬂ‘H'lNﬁ‘llﬂQllﬂiﬂll"lfuﬂﬂﬂ'l‘iﬂ‘l]ﬂ\‘l@ﬁﬂ‘n'iﬂ‘ﬂuﬂﬂ’]\‘l“] NINYIVDINUD TN

ARaumsusulalausunanism

oy

= A o g d a ' 1 9/ .Y
371 3sufounaveamsfudgaunsdrtiaaieg NABIVEINUDINITVOL

9

= . . Aa = Y
Yo lauaufiason'ld (native chitosan) uag lalausuusgninemsmill %DD =

70, 80 iLae 90

o o wvAa . . yA 1
naeInAnE ezl Ul anuauLUAYDY native chitosan Tiianumunzaun

4
%

' v a ad 9 '
f‘fﬂﬂﬂﬂ"l'iﬂﬂﬂﬂﬂauwiﬂ E. coli, S. aureus Wa¥ C. albicans 18} ‘W'U'J"IulﬂTﬂWD'UQ'Iﬂ

'
o/ =)

ulﬁaﬂﬁ'mmf’jqQmm‘nm?ﬂumﬂﬁls?famazmsmmﬂﬂﬂ&‘ﬁunm 1 ¥21u9 Tagdl

o



v
Q/

aa d @ o a = | A o ' Y @ a =4
1% ﬂﬁﬂﬂﬁb’ﬁﬂlﬂﬂﬂ']‘ﬂ'Iﬁgﬁ'lﬂ‘l’lﬁﬂ'l’ww&@‘b' 5.5 ‘Hi'E)ﬂ”lﬂ')"l(lﬂwﬁﬂ"liﬂﬂﬂﬂﬂqﬁu‘l’lﬁﬂ

Y 7 9y
YA Y Y

o;’/’ A W ' Yt R o = Sldy a o
e 3 giannanlaanga daiuiailalausuiladl lnaassggnimsduds

Jd

a = a A A > o d a Y
PAUNIYBUABUININYIVBINUDINITBN 6 ‘nuﬂ”lmm B. cereus, P. fluorescens,

vy

Salmonella sp., Lactobacillus sp., Aspergillus niger W% Penicillium sp. W3 ouNIM
= Y 3 a dag’f a Y

ﬂ'l'i‘l’]ﬂ'dENL'].EEJ‘ULﬁEJ‘UQ‘VI‘Bﬂ'IifJ‘UHQ"QﬁUVIiUVN 9 ¥UA VDI Native Chitosan N1

Ialaugunmsindisedumsmianyezdaa 70,80 uaz 90% a0 wadi lduan

AIA5 19N 17

Y
d o

ludnaugaunidns 9 ol MinnnesssgnimsiudueslaTauguse
YA native chitosan AL commercial chitosan W17 L%ﬂﬂﬂzgﬂg‘ljgﬂhlﬁ’ﬁﬂ’iu‘%ﬂ
HuAfiGe FaaoandefUs109MYes Shahidi LAZANS (1999) uay Cuero (1999)
native chitosan AMN50FUEUEEST 4. niger U Penicillium sp. 1afnnududuves
o Tauanuilu 78.12 AMSY FUSTad C abicans 1&Tie MIC 156.25 Rty was
WURATGY E. coli Way S. aureus 1afin MIC §lu 156.25 AEY druuunfiSesn 4
¥iin laun B. cereus, P. fluorescens, Salmonella sp. ¥ Lactobacillus sp. doaly

' )= =] Y 3
Inlauruanududugeni 1250 ffdy Fezanseduiald maSoudioy

Qs A "

Y 3 e o Y q,/’ a a
l"izﬁ‘ﬂﬁﬂ'lwﬂ’liﬂﬂﬂﬂﬂﬁuﬂ?ﬂﬁlﬂﬂﬂ‘ﬁlﬂﬂﬂﬂ611’71571\1 9 ‘lfUﬂ‘ll@\‘l‘lﬂTﬁll"lfu 4 YU

9

o Y 1t . . 9/ d’dsl o o @ ' aa
ﬂuqﬂuﬂ native chitosan, ‘lﬂmeuwNm'sﬂmusaﬂazizﬂnmsm%ﬂﬁgazcma 70,

4
a a v @

J a A
80 uaz 90 udmulsesaninmwamsdudagaunidlassmvesln Tauauniams

Y day Y o o 1 Aaa Y day o
AMNTBYazITALNTAINANYEsdAa 90> 1a Tauyuniamsaiiiidesasseaunis
fIANYesd¥Aa 80> native chitosan NUFBLAzsZAUMIAIANYOLTAa 74.80>

Y Ay o o w ' aa o @ o g {I g
‘1ﬂiﬁll°])'u7n\1ﬂ’ﬁﬂ1ﬂll535’(1353 ‘Uﬂ'ﬁﬂ’mﬂﬁgﬂg“ﬂﬂa 70 AUAINY NIUDTIVL u‘lﬂ

v
aQa A e o Q o

11szAuMmsiIvanyerdaalianinadedszaniamwasdudadunsdves

U

' 2 4 o yy y 9 v 9
Ialauzunnndvuiaveslumna Fatuiu'ldnnmsnaassdeduluiafe 2.2
= . c;d a o c’j
(MINN 9-13) 9INTIWIUYBY Simpson HazAME (1997) NANYININTTUNITTUDS
a =54 1 a g . ' Ay o
yaunIdveslnlauyudemsinSaveade E.coli wun'lalausuiiidosazseaunms
9y
AvanyesaAa 92.5 musodudaimsTaydulansnsaves Ecoli ldani

Q/ Q/ ) =)

Aay o a Yy 9
hlﬂiﬂll“ﬂﬂﬂﬂi@ﬂagizﬂﬂﬂ'ﬁﬂ'] AnYaTYHRa 85 ﬂ']“Jl‘U?J‘UU‘UBQ‘IﬂTﬂUcHuW’N

U



63

9 z:;dsl (Y] o ' an d' V] 3 ) = | YA ' '
N1TAINUIBYALITAUNTITNIIANUBDSHAN 90 ‘Vlﬁ”liJ'I’iﬂfJ‘UENQﬁﬂ‘ﬂiﬂﬂﬂﬂgilﬁh”)ﬂ

o 9 Yy 9

A 9 = dsl b
39.06-625 MADY sNAIUNINVSUYD Salmonella sp.NADITFANUIUVNVUUD
AaAaa = Y 031, Yy KX A 9/ Y ]
laTauayy >1250 AROY J9ezmuisadudela Faluud lHuAeNUNANITNAABY
~ ' = Yy 9 aad '
¥4 Wang (1992) finun msazanela Tauaufnnududu 0.5% (5000 Wilow) 1u

vy y

- ' v o A . , Y 3/ y g
Swanen1siusude Salmonella typhimurium f9dlFANUTUI UV 1A Tatau

Y b 4 ¥y y 9
J

p= ] v o A ANY o A 1 [~ a =1
>0.5% S9azauiseduiauselld netle1ndlumsizin Salmonella sp.iUUAUNTS
Y - ) A =~ v} 9/
aduaundmiagasnszuuna Inausoilssnumsivieenvesaisutlantasy
Yy A o/ < ' ' . . A Y A
128 {o9a1nve dunasiudr li192ily native chitosan Y30 b 1AL UNIINITAINI
9 o o o ' aa P | (=4 LY 9 Yy 9
Yovazseaumsniamssaaa 70, 80 150 90 ANNADI I F AUV UV D
1 aad 2 o q’/’ a dy dy Y 4%‘ A

la Tausugand >1250 Wou JzannIadudemsiyveurell 1a duyedus

a1 H Ly 1 [~ a o I

«3ia MIC finarnnarediuly Taeesn Penicillium sp. sziiugdunsdntianuls
1 a( Q/ q’: c:{ P= O | a A d o’j dy
apgnimsdudes la lausuinige laslian MIC WY 39.06 ANDY NIUDIVY
a ' dy v urqe A o o =] 9
NI 12IMY851 Penicillium sp. uwummaawmmmawuanazaw"lﬂimwu‘lﬂ

[~ o 9/ d a 14? 4 9 P
30137 ‘nﬂmcvamﬂﬂmsmmuuazwammn“lﬂ"lquw (Sagoo et al., 2002)



64

H a Y oazl P o’d' a ' d' d'
M3137 17 wamsnaaeufnssumMsiudaunsoildnaaeuriianie Ninerdes
fue1rmsvedlalausunesou'ld (native chitosan) tag laTaurun1an1sa
A
Ny %DD = 70, 80 ey 90
Table 17 Antimicrobial activity of native chitosan and commercial chitosans with

70%DD, 80%DD and 90%DD against tested microorganisms

MIC (ppm)
Microorganisms Native Com. Chitosan | Com. Chitosan | Com. Chitosan
chitosan (%DD = 70) (%DD = 80) (%DD = 90)

E. coli 156.25"" 625 156.25 " 78.12°¢
S. aureus 156.25"" 1250 156.25"" 15625
P. fluorescens >1250™* 625° 312.5°¢ 28 19 P4
B. cereus >1250™* 1250>° 312.5° 78.12°¢
Salmonella sp. >1250™" >1250™ >1250™" >1250™*
Lactobacillus sp. >1250™" 625" 625°" 625 °"°

A. niger 78.12°" 39.06 78.12"° 78.125°"
Penicillium sp. 78.12° 39.06 78.12°" 39.06
C. albicans 156.25"" 312.5" 156.25°" 156.25°"

A" Means with different superscripts within the same column indicate significant difference (P< 0.05).

* Means with different superscripts within the same row indicate significant difference (P< 0.05).
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Tassaduminsadgninais Fmui dievhigaunidludesluemisi hili EDTA
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yaunsdamnsoadramiusadnduunluu 14 (Chilton et al., 2001)
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Figure 7 Survival curve of E.coli in the absence and presence of chitosan at concentration of 0

to 1250 ppm
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Figure 8 Survival curve of S.aureus in the absence and presence of chitosan at concentration

of 0 to 1250 ppm
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Figure 9 Growth curve of C. albicans in the absence and presence of chitosan at

concentration of 0 to 1250 ppm
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Figure 10 TEM images of E. coli (A) Control treated with 0.06% acetic acid for 6 hours at 37 °C and (B-C) treated with 625 ppm

chitosan for 6 hours at 37 e :
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Figure 11 Cell viability rate of HT-29 human colon adenocarcinoma cell line in the

presence of chitosan concentration of 0.1 to 1.5 mg/ml.



