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ABSTRACT

Thailand produces tropical fruit for domestic consumption and export to overseas
markets throughout the year. The important problem that effect to the exporting of fruits is the
postharvest management that have the short shelf life and perishable. Coating for surface of the
fruit product can reduce water loss and respiration rate of the product. Chitosan, a biodegradable
natural polymer, has great potential coating material for agricultural applications due to its
biocompatibility and non-toxicity that interesting for this. The chitosan can effectively produce
from waste shrimp with chemical method. The purposes of this research were to study the chitin
production, the optimum deacetylation condition of the chitosan production, reduction of
production cost by reusing of NaOH solution in deacetylation step, and the effects of chitosan
coating on postharvest quality and shelf life of “Hom Thong” banana and lime.

The chitosan production from shrimp waste by chemical method has effectively
prepared for chitin from shrimp waste preparation by deproteination and demineralization. The
deproteination was carried out by treating with 4.0% NaOH at 30+2°C for 24 hour and ratio 1:10
(w/v) of shrimp waste: NaOH. The demineralization was carried out by HCI 1 N at 30+2°C for 1
hour and ratio 1:10 (w/v) of shrimp waste: HCI. The optimum operating condition of chitosan
production with a high degree of deacetylation (%DD) can be obtained by using 30% NaOH at
110°C for 2 hour, ratio 1:10 (w/v) of chitin: NaOH. %DD of the chitosan was 85.87% and a
molecular weight (Mv) of about 8.07x10” and the yield from this process was 19.45% in dry basis
of shrimp waste. The optimum operating condition for chitosan production at room temperature

can be obtained by using 40% NaOH at 30+2°C for 48 hour, ratio 1:10 (w/v) of chitin: NaOH.
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%DD of the chitosan was 72.45% and a molecular weight (Mv) of about 8.97x10” and the yield
from this process was 19.80% in dry basis of shrimp waste. The reusing of NaOH solution 2
times in deacetylation step can reduce the chitosan production cost for 44.37% from original
budget of 635 Baht/kg, but %DD of chitosan product was lower than the new NaOH solution at
13.42%.

The effect of chitosan coating on postharvest quality and shelf life of “Hom
Thong” banana and lime were studied. The postharvest samples were dipped for 1 min and 2
times into chitosan solution of 0% (control), 0.2, 0.4, 0.6, 0.8, 1.0 and 1.5% (w/v). The coated
samples were stored at room temperature (30+2°C) until decadent. The properties of weight loss,
color, firmness, total soluble solids, and titratable acidity for all samples were measured every 3
day. Coating “Hom Thong” banana with 1.5% chitosan solution and lime with 1.0% chitosan
coating were found the most effectiveness for prolong the shelf life until 18 days from 10 days
and 36 days from 24 days, respectively.A chitosan coating could reduce weight loss and delay
changing color, firmness, total soluble solids and titratable acidity during samples storage.

The results deriving from the research consisted of high efficiency with low cost
chitosan production from shrimp waste using chemical method and the extension of the quality
and shelf life of fruits postharvest by chitosan coating. These advantages can be applied for
industry, municipal agriculture, and government agencies which have been supporting for

agriculture products.
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¥ v v & Y 4 ' ' Y A I
andeinausunsznuilunais Jaar pH e liileinldenden ldtianzilunais
g vy 3 3 ¢ 2 Az v A a ' o Ay v A
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gaunniidoq UMM %Yield AATIZHMITEAUMITTANY oz FNaveslndy (Degree of

. ¥ Y A a Y
Deacetylation) Htaziiiin luanavesla Tasuinga 1

M3130 3-1 MIvenuUUMINAasIan iz anlumsmianyosdiaved laauiie

M3Inan la lasu
NaOH conc. (%) Temperature (°C) Time of Deacetylation (hr) Ratio NaOH: Chitin
30 110 2 1:10
30/ 40/ 50 75 1 1:10
30/ 40/ 50 60 4 1:10
30/ 40/ 50 30+2 48,72 1:10
30/ 40/ 50 30+2 48,72 1:15
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48

(M) (V)
mnilseneuii 3-5 naasanyuy lnTagu (M) noU Lag (v) nas msazaelunsnoz¥an

j’ 1 { a - o w ' aa
2 msmﬁaummﬁ'mmﬁﬁwam”lﬁ’mmmmumim%wu“amm

1 o 90’ L%} 1 o
FulaTaanunse 1 'ldTagldhedeonuneaasludrosslalasiu 0.1 05y winas

a

@ ] < P £ a v v W A ] A = A
m’e']ﬂmﬂu"lﬂimcmuwmamﬂzmﬂmiwmﬂummu"lwn mmmﬂ"lﬂiﬁmuuﬂmﬁum

q

1 1A L3 ' { (%
i1 Cationic Polyelectrolyte uaduilu'lalamulinigninee linldsunilaslag naasds

anisznou 3-6 (M) uag (v) AUAIAL

(M) (V)
d‘ @ [~ ] a £ 1A
Mniseneun 3-6 uaasanyue (M) mi%wn!,ﬂu"lwnmm'lﬂTﬂmumqm (v) ulil!,ﬂﬂfni

a

; - . <
wasun)aalan diesarndlula Tasu liusqns

q

o o < g o 2 1 a
3.33 ﬂ1§ﬂ'|1!'flm1"i'lfh % Yield ‘VI”Iﬂ1§‘;b'\11-!1ﬁuﬂlﬂﬁi’)ﬂf]ﬁﬂﬂﬂﬂuﬂ"liwﬂﬂ

H ! a g‘/ o . {
TaTasuazihminvedla Tasunwaa 18 mniudiuInm %Yield 10aunsn 3-1)



49

Y yeild = %xlOO G-
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g o A Y

A A A Y
5V VV'i e u’]ﬁuﬂlﬁuﬁumﬂﬂlﬂaﬂﬂfNUﬂ (g)

v A
w, Ao WminveslaTasuinaald (o)

d A,
3.3.4 M3INTITHIM Degree of Deacetylation (%DD) 1933m 73 lnmnsauyy
v o . . . . . = g =
AANY (Potentiometric Titration) (Li et al., 2007) Taslvunou D
[ d o [ a 4 =\ P
(1) 39gAgUn3ald 11T UNITANTIZHH %DD Taganiininesnilaisazaly
. Y ! . ﬁl [ =
lnTaguvu Stirrer 11821 Magnetic Bar tWoaunaua1sazatsla lngunuaisazaro Tadoy
4 o 4 @ 4 [ I 1
laason'lad 19 Clamp SunI09dn pH ataanuilunsa-aravesasazaelalasy 14
v A A = 4 ¥ A
Clamp udusanussgasazate Ianden laason lad 0.1 M 13iive lnnsan %DD (Wang et

al., 2006) LAAIAIN N TLNOVN 3-7

H a 4
Mwilsznouh 3-7 4AN1311AT1ZHH1 Degree of Deacetylation (%DD)
9 any v o J
Ae735M3 lnmsavuuiadng
@) Filalasru 0.20 n5y azarelumisazarenialalasnanin 0.1 N

< A a o a ¥ v
20 ml ﬂ’J‘L!me’ﬂ‘uaza1EJL‘1JL!!.‘L!6MEJ’Jﬂullam@muma‘L!fNul‘]J 80 ml
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o 4
3) mms Inmsaasazarelalasudrsasazars Isdeoulaasen lod
Y [ 1 v =K = 4
0.1 M amelamsniunauagian pH Tuiinwanns 1 ml ves ersazatelmaon laason lad
A lums lnmsa
% [ o =Y o {
(4) waean3 15z pH nuLSaansazane Taden laasen lean 141y
{ [ { v o
M3 nsa Mwlsznoud 3-8 uaaanyauzuadns i ldonns Inmsanuuiadng

(5) FUIUNT %DD SIeaun13h (3-2) (Wang et al., 2006)

AV3Cyu 31073163 | o
M 30.0994

%DD= (3-2)

0 Cyoy D ANMEANTUYDIENTAZA10 NaOH (M)
=) % Y (Y 1
M Av Wminvesdlednalalngu ()
ag AV Ao UYT1asve9ansaza1s NaOH 5241714 2 Inflexion Points (ml)

(Inflexion Points A9 yadinamsasunlasanyuzuonsim)

14

10

- E
-9

, «— Inflexion Points
Inflexion Points

0 T T T

0 5 10 15 20 25 30
Vaon (mD)

1 v o d 4 !
Mnsznaui 3-8 uaaans MM ImmsauuuIafng (Potentiometric Titration) (WBY1A1 %DD
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335 mIymanunidarazimiinlanana imsessualedNdIsazale
TaTaanunanudud 0.01, 0.03, 0.05, 0.10 1Az 0.20% (Chen, 1995) luaisazarensnezFan
o [ YA A v v 9 . . @
0.5% NINITIAAANUUUATUNND (h) Taal% Ubbelohde capillary viscometer aganmmlseneu
~ ~ a ° ' A o ~
11 3-9 Ngauuqil 30+2°C MuIumamaNuriaTIZINANNSN (3-3)

o - (hsolution B hsolvent) (3_3)

solvent
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o hSp D ANUUUAIUNIS
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ﬁﬂ ANV UATUNNTVOITITDSANY

solution

v o J ) ) aa
ﬁf] mmwﬁﬂﬁnwmmmmmazma @IMazagazEan 0.5%)

solvent

o 1 A d‘ Y Aa d’
ATUIUAIANUHUANUNITINNAUNITN (3-4)

ah. o
=g (3-4)
(} Te—0
A A A A Ya
Wwe  [N] Ao mAanunrianunIzg
h, feanuniadume
C An ManuduTuvesmsazane laTasiu luniie g/ml

H o 2] ! ! A A Y a ' 9y 9
iﬂﬂuu‘]ﬂ1ﬂ15‘Wﬁ’i)ﬁﬂiﬂdi%‘ﬂ’ﬂ\iﬂiﬂ’ﬂll?iuﬂﬂu‘l/ﬁ]ﬁﬂuazﬂ1ﬂ’313Jl,6UiJsllu
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Tuana 189 naun15 Mark-Houwink HaRIAIaun15h (3-5) (Zhang, 2001)
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[h]= kM (3-5)

e K=1.64x10""x%DD"
a=-1.02x10"x %DD + 1.82

%DD f1® Degree of deacetylation

d' A A v 0 A o v Jd a
mnszneun 3-9 UAAINNATDINDIAAIANUUUATUNNTYUA

Ubbelohde capillary viscometers

a H o [l 1 3 '
TaginaudalaTasnuihiminTuanaeglusie 1.0x 10° 89 1.2 x 10° Yuey

[ g/ a gl.: A 9 a 1 o 9 A a 9 =S
nuvuasulumswan Tuaouniinisldguugigeezdewaiinld lalasuiinaa ldguydoe

9

a o Y A o @ A g @ =\
anmsssunanazi 1 lalaanuiiminTuanaasas lalasuniiiiminluanagezdl

U

a a S o a @ < { 1 ! ¥ Y o
Usganimmlumsinusnumaanandsmanuine ldaninlaTaauniitminTuanas

(Setha et al., 1999)
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nyozFNa
Conditions

No. NaOH conc. Temp. Time
Ratio

(%) (§(®) (hr)
1 30 110°C 2 1:10
2 40 30+2°C 48 1:10
3 50 75°C 1 1:10

= A v v Y v < d'
35 ﬂ15ﬂﬂ‘HWm‘ll@ﬂﬂﬁ!ﬂﬁli’)‘Uulﬂiﬂ"IiTHVIf':)ﬂ1i§ﬂy1ﬁﬂ1‘1"l‘lli’)QWﬁllNﬂﬁQﬂﬁ!mJ!ﬂﬂ’J

3.5.1 masanasazalalaay
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A 9y Y 1
NANUVUUVUANE
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3100 (3-6)
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3) nagevdmNasuuilas MminageunuaINNIIAIUTUYDINTT
A a o I A 9 A = ] 1%
asuasndaranaInIsINUINeIAI8IAT89IAT 1415 Hunter Lab 31 Color Flex HAAIAT
A L= a o < A o
mnilsznoun 3-13Tagdamavesnannanainsinumed lumeuvosd s L* a* uagb*
Tag A1 L* (Lightness Parameter) L@ASAIAINE I

A1 a* (Redness Parameter) LAAIMTLAIHI D TIVE)

d%a

A1 b* (Yellowness Parameter) HAAIATINADIHT DALY

mwilsznoud 3-13 1AANUATOIIATD1415 Hunter Lab U Color Flex

1] Y 1
@ mslasunlasnnuuiuiie (Firmness) naasuIasldinieq

Texture Analyzer jU TA. XT. Plus 1e036901M1)52noufl 3-14 A1AINYNADI = 0.001 N ¥
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minageuludnyuzvowusana Tagldiaia Spherical stainless P0.5S azanu3lumsna
10 mm/s ﬂmuﬂixﬁqﬁaﬂﬂmqaﬂﬂimf{aNS@]wa TaefmuasvazBeadmiunies sl

Mode: Measure Force in Compression

Option: Return to Start

Pre-Test Speed: 1.5 mm/s

Test Speed: 1.5 mm/s

Post-Test Speed: 10.0 mm/s

Distance: 10 mm

Trigger Type: Auto-25 g

Tare Mode: Auto

Data Acquisition Rate: 200 pps.

mwilsznoud 3-14 1AANATO Texture Analyzer 1 TA. XT. Plus

2 < ?al.; { H . 4
(5) Usuaveanvanaruanaza1e1ild (Total soluble solids, TSS) 1i®
1 = ¥ 4 1 IS o a
nagoumsnlasumlasanuuduyealsaniiaia iieannlusgiamsnusanaana

- g 2 : . g A
mamsgydeinih idanududuve vhman/dounlaclyl vi'ldTasnsiiviiieiniiie
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(3-7
Vihduitlg
o N vion Ao Normality of NaOH
Vion Ao Usu1Asu09 NaOH 14 lums lnmsa
Y
MW, . Ao M1 TanNaveInsadaIn (0.064)
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(Demineralization) YHABUNITAIIANYOZFNAV0IIAAYU (Deacetylation) FIHANITAUNU
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2. wamsﬁﬁmmag%nm‘fuamm (Demineralization)
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Concentration of chitosan (%) DL* Da* Db* DE
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4.3.4 maJasunlasnnuuiife (Firmness)
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4.3.5 malasunasfSainameaudanazareritld (Total soluble solids, TSS)
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Concentration of chitosan (%)
Total soluble solids (°Brix)
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4.3.6 m3rJasunasfSana Titratable Acidity (TA)
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Concentration of chitosan (%)
Titratable acidity (%)
0.0 02 0.4 0.6 0.8 1.0 1.5
03U 845 | 845 | 845 | 845 | 845 | 845 | 845
39U 841" | 845 | 849" | 849" | 845 | 853" | 853
@ be c c abc ab a ab
6 8.36 828 | 827 | 841 8.49 853 | 841
@ c be b a b a a
93U 798 | 8.11 815 | 8.41 8.23 850 | 8.41
12 Y1 823 | 815 | 798" | 828" | 823° | 841" | 836"
15T 708 | 8.02° | 8.02° | 8117 | 819" | 832" | 823"
o bc ab c ab ab a ab
18 798 | 8.11 785 | 8.11 8.15 823" | 8.15




107

a 1 A = S o A
M31N9N 4-17 (MD) saaemsidasunasSuw TA UBINTUTIAQBDABDIYNITINUINHIN

QUM 30+2°C

Concentration of chitosan (%)
Titratable acidity (%)
0.0 0.2 0.4 0.6 0.8 1.0 1.5
o d c be bc abc a ab
219U 777 | 798 | 8.02° | 8.02° | 811 819" | 8.15
o c a b ab ab ab a
247U 7725 | 815 | 789 | 798" | 8.02 8.06 8.11
27 U 785 | 8.02" | 794" | 798 | 777" | 802" | 7.8
o b ab ab ab ab a a
30 9u 765 | 7.81 785 | 7.89 | 7.94 8.06 | 7.98
o b b
33 734 | 717 | 772" | 785 | 781" | 798" | 789"
o b b by b
36 734 | 738 | 7557 | 759 | 785 | 794" | 785

'
a A

o = o o J o a o { & axAa o
ﬁ]?!ﬁ"llﬂﬁﬂlﬁ’)ﬂﬁ’)@ﬂyi?Lll!‘llQﬁﬂllﬁ'ﬂﬂﬂﬂnﬂlﬁ)ﬂﬁNﬂ‘lJWNﬁ’ﬂW NseAaun TN %  MNIBUATIZH

WYY Duncan’ pg

A a 1 A [~
4.3.7 agﬂwammmsmaaum"lﬂimcummmiﬂﬂmqnmnmnymzun

A ] I~ %
HAINMIANEIV0IETIAA0 VA In Taauasn158ADIgMITINUTNHIV

2
wzu1 Taeldesindoudinnududu 02, 04, 0.6, 0.8, 1.0 uaz 1.5% IN159Y 2 A5

a

~ ) AN o1 A a ° s o A
!,‘]_FilfJ‘]JL‘I/]EJ‘]Jﬂ‘]JiJ%LlTJ“V]lliJmumima’OUN’J (G]g’ﬂﬂ’mﬂu) %1ﬂ1ilﬂﬂiﬂy1ﬂqmﬂﬂu 30+2°C g

U

MMstuineanna 3 7 nUNanBulI1NUeINANZUIIFANIVAVIASNZUNINAIUNT

A a gy A Aaax A v A 3 o gj
Lﬂa’e)‘lJmﬂﬁme’iazmﬂulﬂTGlmu%!,'i‘JJiJﬁmafJﬂuau% 9 1Ay 15 YBINITINUINYT NUY

YZUGAAIANIAZ NZUINAIUNSIAToUAIRIeTITazae la Taauamdudy 1.0% 9z

a = = Y o A o w =
mamstiigaazgnsulasunladhounsgnsauaninluiug 24 waz 36 awday uzudn

1 = a gy 9y 9 = 3 o 2
wmmﬁmaa1Jmm&l’mﬁazma”lﬂimmmmmmu 1.0% Nﬂmﬂ1W1uﬂ13LﬂU‘iﬂ‘H1M$u1’m

= go} Y

~ =\ = = 1 dy a < A ga} A
nga Tﬂﬂi]ﬂ”lifmfﬂllﬁﬂlnﬁuﬂ msiaeunlasd anuuduie ﬂi‘JJ”IﬂHJ’ENLL"’lNVIﬁ$ﬁTEJu1"lﬂ

g

a s o {
uazSuna TA aapae1gMInusnuoeiga




asdmwaminaaea

5.1 Yeayumaide

5.1.1 MsHanlalawiu
a Y A a
MnmMInaaoInsean lalasuagdldn angimuzanlunsnan
TaTaau Ao mamsallsau aremsazarslsnoulaason las (NaOH) (9uTY 4.0% (w/iv)
Tusasrduszuinuddends: arsazareladonleason laaminy 1: 10 (wiv) Ngungl

I o ¥ o w s v a
30+2°C UJHL'JQW 24 GB’JTN\? mﬂuum%mma@auminmum maﬁwazawmﬂaim%am

v
=

v ! ' 2 a 1T o
wiudu 1 N ludasidiuszunailaenna: arsazanonsalalasnaosnminy 1: 10 (w/v) @

a I @ o w ' Aa g = 4
UNIN 30+£2°C !‘].Iu!fla’] 1 GD"JI?JQ Llﬁgﬂ’]ﬁ]ﬂﬂﬂ@gcﬁlﬂﬁﬂ38@115@’]3@1’]316“@811‘1@@3@ﬂul‘:lfﬂ

q

@ 1 a I < ¥ Y
N 30% 8as5 19U 1: 10 guuail 110°C Hual 2 521w Tae %Yield taziiiinluana

{ A Y 1 v o o a 4 o
GUE]\‘IU],ﬂIG]"]ﬂuﬁWﬁ@UlﬂWHﬂU 19.45% Line 8.07)(105 ATUATIAU IMNNITAUATICUNITSAUNIT

@ ]

o ana 9 as v o 1 ~ Y A 1 o
NNIANYDLHENA (%DD) ﬂ’JEJ’J‘ﬁﬂﬁUlﬂmimmiJ’mﬁﬂﬂ WU %DD ‘ﬂllﬂ UAUNNY 85.87%

U

pazaamzlmungaudimiumsiidanyor3nafiguugiines Ae fdanyozdnanie
= s 9 9 a I o o '
msazaneTafon laason ladidudu 40% quugi 30£2°C 11ua 48 92 Tue ons1dIU
1 a ~ S 1w AN Y
sevan lnaunazarsazarely@onlaasen laqminu 1: 10 %DD A lailu 72.45% way
H @ a 14
iinTuanavesla Tasnuilszana 8.97x10° manaalalasuninilaennalunszuiums

T ﬂ' %Yield 11110 19.80% %Qﬂﬂﬁ]t’l‘l’lilﬂﬁIﬂﬂﬂﬁ\i@]ﬂﬂﬁﬂWﬂﬂﬁNﬂu%ﬂﬁ vlﬂl!ﬂ mmmmu

é‘.“D.e

vosmsazate Iwdon laasonleduazgungiinldlunmsmianyozdia ualunsaiildaam

-1

mmummmia amhmau”lamaﬂ"l%ﬂ VU 9 ‘HﬂiJ“lﬂcl, GluﬂWiﬂﬁ]ﬂ’Vill@ FNANITIL

A 19 Y o w 1 an a
GEGR L‘W’e)lliJGl‘Viﬁﬂ13$1uﬂ1iﬂ1%ﬂﬁyﬂ$%ﬂa§uLLiQLﬂ’HVl‘ﬂ

108



109

o [ 4 i g’J
dwmsumsldasazareTs@eulaason lyanrumslFauudr ludunou
o w [ Aaa g}/ dy 9 [ o w [} Aaa 9 =) 4
msmdanyordnatu iesdununmMsmianygezsnasleaisazatelmaoy laason loa
Y 9 A ] ) d o ! , ~ P
WUV 30% NRUNTIFNUNET 1 g 2 A59 oaausenInasazate Isaey laasen laa
a [ Aa I o Y [
uaz  laAuminy 1: 10 guwgdl 110°C Wumar 2 42 1us 191 %DD 111 75.13 uaz
o w X g ~ 0 9 Aa P 9
72.45% auday sudluannziawnsohunldlunmndalaTasuld deansoandunu
Tumsnan'ldng 44.37% usiiia191n %DD vo4'la Tagun lduaiseninlalasunldan
o o ] Aaa 9 = S o (] 9 [ g}/ A
msmIanyezInadledisazate lmaon leason leands luriunsldau auiualsiu

o w ] Aaa 9 = (d'l 9 9 gi ]
Qmwguiumimﬂﬂwg@wmamamsazmaicﬁmﬂﬂamﬂﬂ‘lcmwmumﬂﬂmuummaﬁma

Y = [} Aaa a 2 42 = U 9 ~ YA 1 49!
Timsaanyesdnaseniin laaumuaudsszdwalid laTaanuin 1dtia1 %DD gavu

A a 1 A < v 14
5.1.2 ﬂ‘lﬁ!ﬂﬁi’)ﬂﬂ?ﬂﬂiﬂ"ﬂ‘lﬂﬂﬂﬂ1iﬂﬂ'ﬁ)‘lféﬂ‘lﬁ!ﬂﬂ'ﬁﬂ‘]&l‘lﬂﬁ?ﬁlﬁ@ﬂﬂ@@

1 = %JI v
iﬂﬂfﬂiﬁﬂ‘]ﬂﬂ/‘l‘ﬂ’ﬂ fﬂiE:‘filluL’(?fEJ‘L!THL!ﬂﬂlﬂdﬂéjlﬂﬂﬂuﬂﬂdiunﬂﬂgﬂﬂW'i

o

A X 3 o 1
ﬂﬂa@Qﬂglwuﬁu@a@ﬂ’f)']falﬂ'lﬁlﬂj_]ﬁﬂ(ﬂ'l Iﬂﬂﬂﬁ?ﬂﬁ@3J°I/I’e]Qﬁqﬂﬂﬂ?‘ﬂﬂufﬂzﬁﬂﬁqqﬂ%ﬂumuﬂwm

]
= =

hgaiafounundlereunesNiumMsAdo A1 Laaan In TasuamnsonuANMIFURIY

e

3 Y o Yy 9 44 2 4 1 a3
GUfJ\iul’f]u'lhlﬂﬂlla358@Uﬂ'J’lll!"llllGUuGUfJthﬂT@G]ﬂucﬂl,WllsUullNﬁ@]@ﬂ’lia@ﬂ’liqmulﬁﬂu'lﬂ N

=

Tagase nderiounoINmIuNIsIAdRUAIA8 1A TaguauTNATY 1.5% delimsgapde

o

'
Y I

H a o A . A g A 2 yyy
Wnin mslasuudasgvesnlasn anuuuue u,azﬂﬁmmmmummamwm‘lﬂuawm

Q

) o S o J {
ﬁ”lﬁ':ﬁJ5$8$L’JE‘I"IGI,Hﬂ”I§lﬂTJSﬂH”I WUN ﬂéjﬁﬂﬁﬂi\mﬂﬂ‘gﬂﬂﬁﬂﬂﬂlmgﬂgﬁﬂﬁﬂﬂ'ﬂﬂﬂﬁNTUﬂii

[

a 3 o @ o { a
AR UHINOYMIINUTAE 9 1Az 18 Tu MUAIRY Ngangil 30+2°C

A a 1 =) =3 ol
5.1.3 ﬂ15!ﬂﬁ®ﬂwﬁulﬂiﬂ°ﬂ1uﬂﬂﬂ1iﬂﬂi’)1f4ﬂ1§lﬂﬂiﬂﬂ13~l$‘u13

Y
= o 4

iﬂﬂfﬂiﬁﬂ‘hﬂ WU mi’gmmﬂumuﬂmmmmﬂunﬂwmwﬂaawz

o

4 2 3 o = a3 ) ~ A A o
MNUVUAABABIGNITINUINY Iﬂﬂilgu']'?l‘lgﬂﬂ'l‘]_lﬂllﬂgMﬂ'lﬁqtllulﬁﬂu’]WUﬂiﬂﬂﬂq@m'l’)W]fJ‘Uﬂ‘U

A A A A A A v 9y 9 2
HEHIMINNTIUNITAADUNT Tﬂﬂmmmmumﬁmaaumma‘lﬂimmmmwmu 1.0% UNIT



110

~ ¥ o = ~ A ' A A 2 A H ]
gadeimin msnlasuudasdveuddon anumimile USmvesdshazaieir1a uaz
=Y { H H a <3
Ysumansan lnmsa'lddesnga uzunganiuauuazuzuNmIuMsAda Ao 1gn15N
§n11 24 uag 36 AU AWEIAD NgUNQ 30£2°C INMIANYT WU MINUANTUTUVD
~ Y A I o Y Aa a I @
msazaelalasrunldlumsmasvuain 1.0 Ty 1.5% i lddszansmnlumsmusam
A A A Y D) Aa a X
yzuManaINlonie NN NMTuTY 1.5% szilsing e Induazginsaidalng a9
I =\ 9 (IS ~ a ® A aa 1
odumazimsasaeuianla Tasunvuunu lunanmsazanvoininosdan dima

Tinasoslns

5.2 Yol UL
= = A A A a Yy A g = o
52.1 arsimsanmauauiavesladuiinga’ld iveitluuasgrufeanu
) o ) a I [l
dwmsumaih ldwaadlulaTaauas 1
~ a P o ~ S
522 A5imMInnIzeenlsenouvesaisazate Imaen laason laankiu
9y 9 = = v As 1 A a 9 Y
mslFnunduazAnedaiieninanonaninveslaTasunwdaa laanmsldmsazae
= I 1 Y 9 2 o w ] aa
Twaew laason laanmiums Isnundr luduneumsmianyoz Fia
o A L L [ 4 ] o
523 1511750 ldszgna ldnuna ldUszinmdudie isu assnes d1le
[ I Y
YU Fuau
~ A = '
5.2.4 a2sumanlasuuilas %DD ved'la TaautazAnyIHaved %DD A0
AsanInuoana lil
= = a IS o 1 YA
5.2.5 MsimsAnyIHavesgurgl lumsnusny Aemsasan myoINa 189
] A a 9
FUMTIAA VAN 1A Taau
g/.: 1 9 (% Ya g}/ d' = 1 3‘,
5.2.6 TUADUNMSULING8ATAA 1 AATIVDINANINNFALAZD1VTNITHOU?
Y Ay o A A H Y = ' 9/3’/ 9 A A
nd1eg 1elloanuMsIHeINIIVeInAIe Feo1aadana liuInd el dvemazszeznarluas

IS o da! 9
NUINHIUIUUUNIY



1PNE1501909

a 4 4 A [ % A A A a Y [

NOANSY Inyadauiia. 2552, vavedlaTaesusiunuasmdouidnys Ina ladonunnmas
< a Yy o o H dﬂg a J a v [
MINUNSIVOITUWNUTAWUIHI. AULINGNAAT UNINSA0IFE 1.

2 a o a o L4 a o £ A a Y
N WA U5z 511 351U uag edna Uszneuuad. 2548, MIFUAADVNINAIY
a A 9 a 4 a v 1 1
laau-laTasuinalaeens. anzdmnssumaas un1INeIaoUo UL,

[ a d v J v @ da A a o Y o a‘f ~
Wiy 10 gFUWIANUT uoTail SUAT HayITe ngNesudud. 2542, annzimuzaylums
[} a [ 4
analalagnu. AaIZgAEIMNITUINEAT UN1INEIRUNBATAAAS.
Fua1 Wi 'laa. 2550, WAYOIEATAAOUHD Sta-fresh 7055 Methyl Cellulose 1ag Sucrose Fatty
1 o < o @
Acid Ester A9 INUaINISINUSNBINGI0MOUNDL. AMZNINEINTTINTNLAY
= a [ = 9 =
maTuTad v amedoma Tu TagnszaeunNaI15uL3.
[ 9 = 4 1 [
AATITH WIUMGH. 2548, WavoIM s IFuaadonnas lsauaz lalaasuaemsinuinunn
Y 1 1 3 o a 4 J
Y9991 INAANB0U Zee mays L. 531HINMINVTAYI. ANLINGAIAAT JWIA0T Dl
YHIING1RY.
[ a v o P < [
¥AIFT INUINT. 2546, WAVDINTIAADUAINIIABUENNUNTADDIGMTINTNHINA WD
[ = = a [ = 9 =3
NoY. AULNTNEINTFIMNUazNA Tu Tag unInerdoma Tu TaowszounaIsuL3.
a Jd A a 4 o 4 a a dy
NN 1BoVaNa 1Az PAUTUNT d1IWae. 2545. Minda laauuaz la Tasuiug v, aue
INITUANANT UMINAIAUAIUATUNT.
AWITIU INAAT. 2544, DNTWAVDIDIYAIIRATUIONTAU HardadIUYBI CO,: O, D
o <3 o a 4 )
WAIINTEN AMATW LAZDIYMTINUSNBING 01 ONNDY. AMZINGIAIEAT a1l
= Yy 9 Y]
ma TuTagnszrounaudAMNHITaIANIZ1Ia.
an ' = A 3 o 9 1Y 14
WINYT AITNIE. 2545, MISANHINTEA0I1NMTNUTNEINE U Taen1s 1FUsTgau MLy
aaulasussenme. aszma 1ulas UHIINGR IV UL,

a o = A a 9 1 o <3 A
‘WJJWGI,ﬂ AHEUIN. 2548. lemmﬁLﬂaa‘Umm&"lﬂTﬁﬁlﬂu@mﬂmmWﬁmmimummmmWa

ANTOIUBINUFNIZTIINIU 72. AL INGIWNAAS UM IneaoFesln.

111



112

[ 4 o 4 a 9 I
Insal TanTaas gnsiand twaana tazdnuas Wsguns. 2536. N5 1% la laugwiluas
A a A A < [ [ a
IAADUHIINOTADIYNITINUTNHINEUID. AUSNTNEINITITNFIA
INAAIVAIUATUNS.
a 1 @ < {
UEgF NTZIWNAN UAzgEN AuITTAL. 2551, KAV 1A I IUADAMNINHAINTINUNEIVDINA
1 4 o a A a o
ndel4. AnzinpasMaA NSNGINTFITNIALILTUIATON VHIINGIAOUITAIS.
4 ' o a S o 1 o < !
151wHg Mief. 2552. wauedla lagunazgungin1sNUSNEIADAMNINHAINISINUINE?
< a 4 a (= ]
YOURAAN. AULINNATAT UM INaITE 1.

S o { 1 %
'J'l?:ﬁjl QWi'lViiJiﬁ’. 2547. ﬂ'liﬁﬂ‘ﬂ'lﬂ'ligﬂﬂ'IQﬂ'lﬁlﬂlliﬂ‘}iﬂhgu’l’)?slj'JfJﬂW"]fugUiiﬂﬁllﬁﬂ@%‘lﬂu.
@ o o v
aomiuswig lasoasnsal Tuwszususglous.
Aa a ] <3 1
252gNT YYI0A. 2550. HAVOIgUNYNUALIZezIa IUNITANgUNYN0E195IAI5IN0AUNIN
s o a 4 @ = Yy 9
HAZDIYNMINUINHINS U, AUSINYIAITAT ﬁﬂ"I']JHLTIﬂIUIaEJ‘Wﬁgi]ﬂlJLﬂaTH]"Iﬂﬂ!
NMITAANTLIN.
o g £ d o o 4 = A
FITUIAU QUAUD LASDITT WANIIUNTG. 2547. ﬂTﬁﬁﬂ‘H’lNaﬂlﬁNulﬂi@]“]f']umﬂﬂﬂﬂWiﬂQﬁﬂ']W
a 4 a % (%
‘U@\ﬁJ&’!ﬁ@!ﬁlﬂﬁ. AUSINYIMNTAT UH1INGIQYTIFNHUHIATAN.
an 4 = Aaxy [ a Aa A Y
FATITIU INTNTU. 2540. ﬂ"liﬁﬂHTQ‘ﬁﬂTiﬁﬂﬂLLﬂ%ﬂ"lﬁ'lmﬁ?g?ﬂﬂﬁuslulﬂa'E)ﬂf]\? ﬂigﬂﬂﬂﬂu uag
=3 a 1 a J = @ [ ~
L!ﬂuﬂﬁ’lﬁllﬂ“]fuﬂ@nﬁc]. ﬂmzmmmﬁmuazmﬂuiaﬂ tTmnmwngm%ma.

a a

AU QAIYAnNa. 2550. dNTWAVDINMFULUITYITAVRUMYNuazIzezIarlumsan
a < 1 A J J a <
Qﬂ!ﬁ{]ﬂﬂﬂﬁﬁ?ﬂlﬁ?@]ﬂﬂ'ﬁlﬂaﬂullﬂaﬂﬂ’lﬁﬂ@uqﬂﬂﬂﬂqcﬁﬂllagﬂﬂﬂcﬁlﬁ]uﬁluﬂlﬂ!&ﬂﬂ
o o S o 9 a ' o =
INHUASAUNWHAINITINUINHINAIYVONNDI. AUSINYIATAAT ﬁﬂ"l‘]JLlW]ﬂIuIﬂEJ
Yy 9 @
WIZIDUINANIIUNKITATIANTSUN.
@ a [ v A a J an = 1Y a 4
AT SNAIUY TUYIAND LTYTNDIDUNT TIITIU Llﬁjﬂﬂ UASDUNINT Wi“l’illﬂigﬂ‘}:li. 2549.
~ A F2 a 4 a o I
ﬂ?ﬁmﬁﬂwulﬂI@]“BWH%Wﬂ!ﬂﬁ@ﬂf}ﬂllagﬂﬁzﬂﬂﬂﬂj. AUSINYIATAT UN1INYIAYITITN
=
UATITHIU.

qU51al §AIna. 2545. N1TAAIANANZUIIAA: ANBURAWIZNIANBATNT SUNDNIOIT 1,

NBF1Y3. ADTUIIBAYAIUG AR,



113

4 Ja Y A 14 1 [
DU WAWUYYT. 2549, N'ﬁ"llE)\‘]ﬂWﬁGl‘lflf]JﬁfJﬂf}ﬁiuﬂWﬁWiﬂ@ﬂﬂ!ﬂWW“ﬁWﬂlLﬁ%i%ﬂ'ﬂ
&I a 4 a [ 19
ﬂﬂlﬁﬁ'mﬂﬁﬂﬁiuluﬂ’Qfﬂiﬂu. AULINNMAAT NH1INGA8L TR,
93N NUA. 2546, DNTWAVDINIFULVITY BATIAS 11a 0,-CO, tazlSimarsgady
a 1 S o a a o 1
L'O‘Vl‘ﬁa‘L!G]@ﬂmﬂWWLm%GTQﬂ1iLﬂUiﬂ}J1N$H1’J. ﬂm%')ﬂﬂ'lﬁTﬁ@g MWW’J‘V]EJRWLHJI%I.
Ben-Yehoshua, s. 1987. Transpiration, Water Stress and Gas Exchange. Journal of Postharvest
Physiclogy of Vegetable, 113-170.
Chen, R.H. and Hwab, H. D. 1996. Effect of Molecular Weight of Chitosan with the Same
Degree of Deacetylation on the Thermal, Mechanical, and Permeability Properties of

the Prepared Membrane. Journal of Carbohydrate Polymers.29, 353-358.

Chien, P-J., Sheu, F. and Lin, H.R. 2007. Coating Citrus (Murcott Tangor) Fruit with Low
Molecular Weight Chitosan Increases Postharvest Quality and Shelf Life. Journal of

Food Chemistry. 100,1160-1164.

Coleman, B. and Manson, J. 1988. Seafood Spray Gives Fruit that Fresher Feeling. Journal of

New Sciencetist. 30, 48.

Du, J. M., Gemma, H. and Iwahori, S. 1997. Effects of Chitosan Coating on the Storage of Peach,
Japanese Pear, and Kiwi Fruit. Journal of the Japanese Society for Horticultural

Science. 66, 15-22.

Jiang, Y. and Li, Y. 2001. Effects of Chitosan Coating on Postharvest Life and Quality of

Longan Fruit. Journal of Food Chemistry. 73, 139-143.

Lertsutthiwong, P., How, N. C. and Chandrkrachang, S. 2002. Effect of Chemical Treatment on
the Characteristics of Shrimp Chitosan. Journal of Metals, Materials and Minerals.12,

11-18.



114

Li, J., Du,Y. and Liang, H. 2007. Influence of Molecular Parameters on the Degradation of
Chitosan by a Commercial Enzyme. Journal of Polymer Degradation and Stability. 92,

515-524.

Muzzarelli, R., Rocchetti, R., Stanic, V. and Weckx, M. 1997. Methods for the Determination of

the Degree of Acetylation of Chitin and Chitosan. Chitin handbook. 109-119.

No, H. K. and Meyers, S. P. 1997. Preparation of Chitin and Chitosan. In : Muzzarelli, R.A.A and

Peter, M.G.(eds.) Chitin Handbook. Oxford, Pergamon. 475-489.

Setha, S. 1999. Effect of Chitosan Coating on Delayed Ripening of Cavendish Banana. Faculty of

Science King Mongkut's University of Technology Thonburi.

Stevens, W. F. 2001. Production of Chitin and Chitosan: Refinement and Sustainability of
Chemical and Biological Processing. In: Uragami, et al. (eds.) Chitin and Chitosan:

Chitin and Chitosan in Life Science. Tokyo, Kodansha Scientific. 293-300.

Wang, Q. Z., Chen, X. G., Liu, N., Wang, S.X., Liu, C. S., Meng, X. H. and Liu, C. G. 2006.
Protonation Constants of Chitosan with Different Molecular Weight and Degree of

Deacetylation. Journal of Carbohydrate Polymers. 65, 194-201.

Win, N. N., Pengju, G. and Stevens, W. F. 2000. Deacetylation of Chitin by Fungal Enzymes.

Advance in Chitin Science. 4, Taiwan, National Taiwan Ocean University. 55-62.

Win, N. N. and Stevens, W. F. 2001. Shrimp Chitin as Substrate for Fungal Chitin Deacetylase.

Journal of Applied Microbiology and Biotechnology 57, 334-341.

Zhang, H and Neau, S. H. 2001. In Vitro Degradation of Chitosan by a Commercial Enzyme
Preparation: Effect of Molecular Weight and Degree of Deacetylation. Journal of

Biomaterials. 22, 1653-1658.



115

I¥wanaersugnavesne. Available online: http://th.wikipedia.org/wiki/ lifwa
@Fuduiio i 4 nqunau 2554)

Iuafifianud iy ugne Available online: http:/www.rakbankerd.com/
agriculture/ open.php?id =493 &s=tblplant (?mﬁ’mﬁaﬁ”uﬁ 4 WOHAAN 2554)

AT INNTIU fi]j a'lne. Available online: http://www.thailandshrimp.com/industrial _

element.html (FUAUIDIUN 8 WO BAIAY 2554)



MANHIN N

v ay v a
maga‘n"lﬂmnmswﬂammiwam"lﬂiﬂmm

116



117

a 4 A a A Y = o w
M1319 N-1 NANITAUATIEYINT %DD "'UlelﬂTW]ﬂuVINa@mmﬂa@ﬂQQIﬂEJiJﬁ’ﬂTJ%ﬂﬁﬂW@

Yoz FNa Aeil NaOH 30% 8a3 a1 la@n: NaOH A1 1: 10 gangil 110°C 2 hr

ﬂ%ﬂ‘ﬁ (pH)
133105 NaOH (ml)
1 2 3

1 1.86 1.85 1.83

2 1.96 1.89 1.87

3 2.07 1.99 1.96

4 2.22 2.10 2.07

5 2.43 2.24 2.24

6 2.82 2.45 2.48

7 3.50 2.85 2.93

8 4.10 3.70 3.72

9 4.40 4.08 421

10 4.69 4.30 4.55

11 4.83 4.57 4.77

12 5.06 4.74 4.99

13 5.28 4.90 5.16

14 5.46 5.18 5.31

15 5.76 5.35 5.47
16 6.05 5.53 5.68

17 6.38 5.74 5.79
18 6.56 6.19 5.96
19 6.83 6.82 6.69
20 9.79 9.84 10.62
21 11.36 10.70 11.22
22 11.79 11.10 11.63
23 11.46

24 11.72
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a o A A A Y = o w
M1319 N-2 HAaNIIAUATITH T %DD "'UlelﬂTﬁ“]ﬂu“ﬂWEW]mﬂlﬂﬁﬂﬂf}‘ﬁiﬂﬂuﬁﬂﬁl%ﬂﬁﬂWﬂ

A3

NN A1 NaOH 30%

oas 18U InAu: NaOH 1m0 1: 15 gaingil 30+2°C 72 hr

ﬂ%ﬂﬁ (pH)
133135 NaOH (ml)
1 2 3
1 1.73 2.07 1.88
2 1.83 2.08 1.93
3 1.92 2.15 1.98
4 2.01 2.22 2.05
5 2.07 2.25 2.03
6 2.25 2.39 2.10
7 2.44 2.49 2.19
8 2.71 2.68 2.34
9 3.15 3.07 2.52
10 4.30 3.93 2.83
11 4.82 4.66 3.73
12 5.25 5.04 4.61
13 5.58 5.31 5.03
14 5.90 5.53 5.47
15 6.05 5.69 5.74
16 6.32 6.00 6.08
17 6.74 6.12 6.39
18 9.01 6.25 7.87
19 10.17 6.53 9.66
20 10.89 7.72 10.56
21 11.12 8.82 11.06
22 11.37 9.86 11.47
23 11.58 10.47 11.65
24 11.73 10.82 11.93
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a o A a A A = o w
M99 N-3 NANITAUATITHTIT % DD "’U’éNllﬂTﬂ"]ﬂuﬂWEW]mmﬂﬁ’f)ﬂfNIﬂEJ‘JJﬁﬂTJgﬂﬁﬂWﬂ

A3

NN A1 NaOH 40%

oas1au lnfAu: NaOH 01 1: 10 guungil 75°C 1 hr

ﬂ%ﬂﬁ (pH)
133105 NaOH (ml)
1 2 3
1 1.93 1.92 1.94
2 1.99 1.99 1.99
3 2.06 2.05 2.07
4 2.17 2.19 2.17
5 2.26 2.28 2.30
6 2.39 2.37 2.54
7 2.60 2.65 3.02
8 3.05 3.11 4.09
9 4.02 4.21 4.60
10 4.77 4.72 4.86
11 5.03 5.09 5.12
12 5.27 5.28 5.37
13 5.43 5.53 5.54
14 5.88 5.83 5.75
15 6.11 6.02 5.91
16 7.32 6.37 6.44
17 8.51 8.25 7.79
18 9.09 9.48 8.96
19 9.69 10.17 9.75
20 10.24 10.60 10.12
21 10.59 10.97 10.63
22 11.06 11.29 10.83
23 11.48 11.58 10.98
24 11.70 11.83 11.13
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a o A a A A = o w
19519 N-4 NANITAUATITHYIT %DD "’U’éNllﬂTﬂ"]ﬂuﬂWEW]mmﬂﬁ’f)ﬂfNIﬂEJ‘JJﬁﬂTJgﬂﬁﬂWﬂ

A3

NN A1 NaOH 40%

oas1au InfAu: NaOH 01 1: 10 guungil 60°C 4 hr

ﬂ%ﬂﬁ (pH)
133135 NaOH (ml)
1 2 3
1 2.30 2.33 2.26
2 2.38 2.39 2.29
3 2,51 2.44 2.40
4 2.65 2.55 2.52
5 2.89 2.67 2.81
6 3.36 2.85 3.07
7 4.63 3.14 3.72
8 5.18 4.11 4.94
9 5.53 4.95 5.37
10 5.88 5.28 5.75
11 7.13 5.59 6.66
12 8.44 6.81 8.13
13 9.16 7.85 9.24
14 9.66 8.73 9.92
15 10.08 9.49 10.36
16 10.35 9.91 10.77
17 10.63 10.33 11.05
18 10.94 10.60 11.37
19 11.14 10.81 11.54
20 11.27 10.92 11.63
21 11.54 11.12 11.71
22 11.57 11.34 11.78
23 11.60 11.56 11.86
24 11.68 11.67 11.92
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a o A a A A = o w
M99 N-5 NANITAUATITHYIT %DD "’U’éNllﬂTﬂ"]ﬂuﬂW’d@mmﬂﬁ’f)ﬂfNIﬂEJ‘JJﬁﬂTJgﬂﬁﬂWﬂ

Yoz FNa Aell NaOH 40% 80 51a7u 1a@u: NaOH WA 1: 10 gmvifil 30£2°C 48 hr

ﬂ%’ﬂﬁ (pH)
133105 NaOH (ml)
1 2 3
1 2.08 2.06 2.03
2 2.10 2.10 2.07
3 2.14 2.17 2.09
4 2.20 2.24 2.15
5 2.25 2.34 2.22
6 2.34 2.47 2.32
7 2.46 2.68 2.46
8 2.65 3.14 2.67
9 2.96 4.14 3.08
10 4.03 4.58 3.98
11 4.28 4.89 4.50
12 4,51 5.09 4.78
13 4.77 5.20 4.98
14 4.94 5.31 5.19
15 5.10 5.44 5.49
16 5.16 5.54 5.64
17 5.22 5.65 5.85
18 5.33 6.25 7.17
19 5.57 7.24 8.83
20 7.27 7.56 9.80
21 7.55 8.00 10.06
22 7.85 8.46 10.37
23 7.97 8.57 10.44
24 8.11 8.62 10.52
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a o A a A A = o w
M99 N-6 NANITAUATITHYIT %DD "’U’éNllﬂTﬂ"]ﬂuﬂW’d@mmﬂﬁ’f)ﬂfNIﬂEJ‘JJﬁﬂTJgﬂﬁﬂWﬂ

A3

NN A1 NaOH 40%

oas 18U InAu: NaOH 1A 1: 10 gaingil 30+2°C 72 hr

ﬂ%ﬁﬁ (pH)
133105 NaOH (ml)
1 2 3
1 2.30 2.25 2.29
2 2.35 2.30 2.34
3 2.43 2.36 243
4 2.52 2.47 2.52
5 2.67 2.61 2.64
6 2.86 2.82 2.81
7 3.33 3.33 3.06
8 4.45 4.46 3.67
9 5.02 5.01 4.72
10 5.31 5.39 5.12
11 5.63 5.63 5.50
12 5.88 5.86 5.82
13 6.34 6.16 6.28
14 8.11 8.49 7.88
15 9.20 9.61 9.52
16 9.91 10.31 9.73
17 10.43 10.74 10.31
18 10.83 11.08 10.68
19 11.11 11.30 11.04
20 11.18 11.41 11.12
21 11.24 11.55 11.23
22 11.35 11.62 11.37
23 11.48 11.69 11.43
24 11.52 11.75 11.51
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a o A a A A = o w
M99 N-7 NAaNITUATITHYIT %DD "’U’éNllﬂTﬂ"]ﬂuﬂWEW]mmﬂﬁ’f)ﬂfNIﬂEJ‘JJﬁﬂTJgﬂﬁﬂWﬂ

Yoz FNa Aell NaOH 40% 80 51a7u 1a@u: NaOH Wi 1: 15 gavifil 30£2°C 48 hr

A5 (pH)

133105 NaOH (ml)
1 2 3
1 2.11 2.03 2.06
2 2.16 2.07 2.11
3 2.20 2.10 2.19
4 2.27 2.15 2.28
5 2.34 2.22 2.36
6 2.45 2.40 2.51
7 2.61 2.71 2.76
8 291 2.89 3.10
9 3.68 3.24 4.02
10 4.18 3.95 439
11 4.50 425 4.67
12 4.76 4.66 4.88
13 5.01 4.92 5.24
14 5.20 5.10 5.33
15 531 5.23 5.46
16 5.42 5.40 5.57
17 5.51 5.54 5.75
18 5.65 5.67 6.62
19 5.92 7.59 8.59
20 7.58 8.20 9.03
21 8.18 8.65 9.64
22 8.60 9.80 10.33
23 8.83 10.08 10.54
24 10.49 10.32 10.87
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M99 N-8 NAaNITAUATITHYIT % DD "’U’éNllﬂTﬂ‘ﬁﬂuﬂW’d@mﬂLﬂﬁ’f)ﬂfNIﬂEJ‘JJﬁﬂTJgﬂﬁﬂWﬂ

Yoz FNa Aell NaOH 40% 80 51a7u 1a@n: NaOH Wi 1: 15 gavigil 30£2°C 72 hr

ﬂ%&ﬁ (pH)
1331015 NaOH (ml)
1 2 3
1 1.92 2.00 2.02
2 1.96 2.06 2.04
3 2.01 2.04 2.08
4 2.08 2.15 2.13
5 2.20 2.25 2.20
6 2.31 2.42 2.33
7 2.51 2.69 2.58
8 2.87 3.28 3.07
9 3.82 4.26 4.11
10 4.55 4.76 4.60
11 4.86 5.10 4.85
12 5.15 5.37 5.08
13 5.39 5.78 5.28
14 5.57 5.95 5.46
15 5.74 6.10 5.67
16 5.88 6.25 5.81
17 6.07 6.97 5.96
18 6.20 10.07 6.19
19 6.35 10.74 8.92
20 9.10 11.29 11.48
21 9.43 11.62 11.81
22 9.78 11.86 12.00
23 10.07 12.05 12.12
24 10.36 12.20 12.21
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M99 N-9 NANITAUNITITHTIT %DD mm'lﬂiwmuﬂwammmﬂaE)ﬂfgﬂmmamwmimm

[

Y
Yoz Fa Aell NaOH 50% 8031e71 1ad: NaOH Wi 1: 10 gauigil 75°C 1 hr

T
133105 NaOH (ml)
1 2 3

1 2.07 2.09 2.10
2 2.21 2.22 2.21
3 2.42 2.45 2.45
4 2.66 2.88 2.99
5 2.98 3.04 3.72
6 3.11 3.55 4.35
7 3.38 4.59 4.51
8 3.84 4.85 4.82
9 5.10 5.08 5.16
10 5.27 5.32 5.20
11 5.52 5.53 5.47
12 5.78 5.75 5.62
13 5.95 5.93 5.83
14 6.05 6.17 6.01
15 6.52 6.59 6.57
16 6.64 6.81 9.56
17 6.79 6.92 9.94
18 7.15 8.64 10.16
19 7.36 9.32 10.23
20 8.43 9.95 10.48
21 9.84 11.63
22 10.91 12.13
23 11.45
24 12.12
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A1 19 N-10 WNANITAUNTIELHINT %DD EU’[’NllﬂTﬂ“]ﬂuﬂwaﬁmﬂlfﬂa’l’)ﬂfNTﬂfJiJﬁ’ﬂTJgﬂﬁﬂWﬂ

A3

NN A1 NaOH 50%

oas1au InfAu: NaOH 01 1: 10 guungil 60°C 4 hr

ﬂ%ﬂﬁ (pH)
133135 NaOH (ml)
1 2 3
1 2.00 2.06 2.03
2 2.04 2.10 2.08
3 2.11 2.16 2.14
4 2.16 2.22 2.19
5 2.23 2.29 2.26
6 2.31 2.38 2.34
7 2.42 2.43 2.44
8 2.60 2.63 2.57
9 2.85 2.84 2.77
10 3.25 3.18 3.06
11 4.16 3.97 3.83
12 4.60 451 4.51
13 4.93 4.80 4.84
14 5.23 5.03 5.11
15 5.38 5.19 5.33
16 5.59 5.34 5.48
17 5.74 5.47 5.65
18 5.94 5.64 5.79
19 6.10 573 5.97
20 6.22 6.72 6.09
21 7.40 9.13 7.46
22 8.99 10.27 8.07
23 10.02 10.80 8.90
24 10.49 11.08 9.50
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A1 19 N-11 WNANITAUNTILHINT %DD éllﬂﬂulﬂTGIGIHu“I/Iwaﬁmﬂlfﬂa’l’)ﬂfNTﬂfJiJﬁ’ﬂTJ%ﬂﬁﬂWﬂ

A3

NN A1 NaOH 50%

oas 18U InAu: NaOH 1A 1: 15 gaingil 30+2°C 48 hr

atafi (pH)
133135 NaOH (ml)
1 2 3
1 2.19 2.08 1.99
2 2.24 2.12 2.04
3 2.26 2.17 2.08
4 2.32 2.24 2.12
5 243 2.32 2.21
6 2.54 2.42 2.30
7 2.70 2.56 2.41
8 3.02 2.78 2.54
9 3.83 3.15 2.75
10 4.62 441 3.26
11 492 4.89 4.30
12 5.14 5.31 4.74
13 5.36 5.58 5.09
14 5.57 5.80 5.46
15 5.77 6.01 5.63
16 5.95 8.11 5.86
17 6.18 9.37 6.59
18 6.49 9.82 7.49
19 7.86 10.26 8.02
20 8.27 10.46 8.63
21 8.62 10.66 8.96
22 10.32 10.83 9.45
23 10.59 11.02 9.81
24 11.35 10.61
25 11.47 10.95
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A1 N-12 WNANITAUNTIEHINT %DD mmulﬂTwmumaﬁmmﬂaamﬂ%uﬁmazmsm%@

¥YjozFNa Aell NaOH 50% 805 1a9u 1a@n: NaOH Wi 1: 15 gavigil 30£2°C 72 hr

a5 (pH)

133105 NaOH (ml)
1 2 3
1 2.21 2.19 2.16
2 2.24 2.14 2.18
3 2.30 2.20 2.23
4 2.37 2.25 2.25
5 2.46 2.33 2.31
6 2.56 2.39 2.39
7 2.70 2.49 2.48
8 2.89 2.55 2.59
9 3.24 2.70 2.73
10 4.24 3.03 2.93
11 5.11 4.03 3.33
12 5.50 4.87 4.63
13 5.86 5.25 5.22
14 6.07 5.58 5.58
15 6.90 5.81 5.86
16 7.71 6.68 7.17
17 8.24 7.43 8.28
18 8.70 8.09 8.96
19 9.07 8.82 9.49
20 9.42 9.54 10.08
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A3

NN A1 NaOH 50%

oas 18U InAu: NaOH 1A 1: 10 gaingil 30+2°C 48 hr

ﬂ%ﬁﬁ (pH)
131175 NaOH (ml)
1 2 3

1 2.06 2.11 2.14
2 2.10 2.17 2.17
3 2.14 2.20 2.22
4 2.22 2.27 2.31
5 2.29 2.34 2.44
6 2.40 2.46 2.58
7 2.57 2.62 2.81
8 2.90 2.93 3.32
9 3.78 3.86 422
10 431 443 4.70
11 4.61 4.75 493
12 491 5.04 5.13
13 5.11 5.25 5.29
14 5.26 5.55 5.51
15 5.59 5.85 5.84
16 5.74 6.17 6.70
17 6.93 7.15 8.36
18 7.39 7.87 9.44
19 8.31 8.32 10.07
20 8.77 8.74

21 9.20 9.17
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¥YjozFNa Aell NaOH 50% 805 1a7u 1a@nu: NaOH Wi 1: 10 gmtigil 30£2°C 72 hr

afadi (pH)
133105 NaOH (ml)
1 2 3
1 1.61 1.64 1.68
2 1.62 1.79 1.82
3 1.66 1.89 1.89
4 1.70 2.02 2.07
5 1.76 2.17 2.15
6 1.83 2.33 2.38
7 1.91 2.54 2.56
8 2.02 2.93 291
9 2.19 4.25 4.28
10 2.53 4.87 491
11 3.31 5.22 5.26
12 4.44 5.56 5.62
13 4.81 5.91 5.94
14 5.12 8.38 8.41
15 5.52 10.22 10.29
16 8.79 11.02 11.11
17 10.39 11.47 11.38
18 11.16 11.80 11.82
19 11.62 12.01 12.06
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M1319 N-15 HANITAUNTIEYIVIT %DD GUfNllﬂI@“]ﬂUV]Waﬂﬁnﬂ!fﬂaﬂﬂf}ﬁiﬂﬂﬂ’]ﬁi%ﬁ’]ﬁaga’]flclﬂslslf
Y Y

QTULLé}ﬁﬁlumuﬂ@uﬂ']iﬂ'ﬁ]ﬂ‘ﬂ%@gc]ﬁqa 1 5901 ﬁﬁﬂ'l'lgﬂ']iﬂ'mﬂﬁgagcﬁﬂa ﬂ\?ﬁ NaOH 30%

oas1au InAu: NaOH i1 1: 10 gaingil 110°C 2 hr

ﬂ%&‘ﬁ (pH)
1f331%5 NaOH (ml)
1 2 3
1 2.20 2.15 2.06
2 2.30 2.19 2.10
3 2.41 2.29 2.19
4 2.56 2.40 2.30
5 2.77 2.54 2.47
6 3.16 2.75 2.71
7 3.44 2.97 3.16
8 4.24 3.82 395
9 4.54 4.20 4.44
10 4.83 442 471
11 4.97 4.69 493
12 5.20 4.86 5.15
13 5.42 5.02 5.32
14 5.80 5.30 5.47
15 6.10 5.47 5.63
16 6.39 5.65 5.84
17 6.72 5.86 5.95
18 6.90 7.31 8.12
19 10.17 8.64 9.85
20 10.73 9.96 10.78
21 11.70 10.82 11.38
22 12.13 11.22 11.79
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M1319 N-16 HANITAUATIZYHIVIT %DD GUfNllﬂI@“]ﬂUV]Waﬂﬁnﬂlﬂaﬂﬂf}ﬁiﬂﬂﬂ’]ﬁi%ﬁ’]ﬁaga’]flclﬂslslf
Y Y

QTULLé}ﬁﬁlumuﬂ@uﬂ']iﬂ'ﬁ]ﬂ‘ﬂ%@gc]ﬁqa 2 9901 ﬁﬁﬂ1'§$ﬂ’]iﬂ1ﬂﬂﬁyagcﬁﬂa ﬂ\?ﬁ NaOH 30%

oas1au InAu: NaOH i1 1: 10 gaingil 110°C 2 hr

ﬂ%’dﬁ (pH)
1f331%5 NaOH (ml)
1 2 3
1 2.06 2.02 2.00
2 2.16 2.06 2.03
3 2.27 2.16 2.12
4 2.42 2.26 2.23
5 2.67 2.41 2.40
6 3.06 2.64 2.63
7 3.24 2.84 3.08
8 4.14 3.69 3.87
9 4.44 4.08 4.36
10 4.70 4.29 4.65
11 4.84 4.56 4.87
12 5.07 4.73 5.09
13 5.29 4.88 5.26
14 5.67 5.17 5.41
15 5.97 5.34 5.58
16 6.28 5.49 5.79
17 6.61 5.73 5.90
18 6.79 8.18 8.07
19 10.06 9.80 9.80
20 10.88 10.12 10.73
21 11.05 10.69 11.33
22 11.68 11.09 11.73
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M1319 N-17 WHANITAUATIEYIVIT %DD GUfNllﬂI@“]ﬂUV]Waﬂﬁnﬂlﬂaﬂﬂf}ﬁiﬂﬂﬂ’]ﬁi%ﬁ’]ﬁaga’]flclﬂslslf
Y Y

QTULLé}ﬁﬁlumuﬂ@uﬂ']iﬂ'ﬁ]ﬂ‘ﬂ%@gc]ﬁqa 3 901 ﬁﬁﬂ1'§$ﬂ’]iﬂ1ﬂﬂﬁyagcﬁﬂa ﬂ\?ﬁ NaOH 30%

oas1au InAu: NaOH i1 1: 10 gaingil 110°C 2 hr

a%ai (pH)
1f331%5 NaOH (ml)
1 2 3
1 1.94 2.12 1.90
2 2.04 2.16 1.93
3 2.15 2.26 1.98
4 2.30 2.38 2.09
5 2.54 2.53 2.25
6 2.93 2.76 2.48
7 3.11 2.96 2.93
8 4.01 3.81 3.72
9 431 4.20 4.21
10 4.57 4.38 4.50
11 4.73 4.65 4.72
12 4.96 4.82 4.94
13 5.18 4.97 5.12
14 5.56 5.26 5.29
15 5.86 5.44 5.46
16 6.17 5.59 5.67
17 8.50 5.81 7.78
18 8.98 8.26 8.95
19 9.94 9.88 9.68
20 10.76 10.20 10.61
21 10.93 10.77 11.21
22 11.56 11.17 11.61
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Y Y

\Tquué}'}ﬁlumuﬂ@uﬂ'ﬁﬂ'ﬁ]ﬂ‘ﬂgﬂgcﬁ‘ﬂa 1 59U ﬁﬁﬂTJgﬂ'ﬁﬂﬁlﬂﬂﬁﬁJ‘lﬂgcﬁﬂa ﬂ\?ﬁ NaOH 40%

oas1au InAn: NaOH Wi 1: 10 gaingil 30+2°C 48 hr

ﬂ%’dﬁ (pH)
1f331%5 NaOH (ml)
1 2 3
1 2.16 2.15 2.14
2 2.26 2.19 2.17
3 2.39 2.29 2.26
4 2.52 2.39 2.37
5 2.77 2.54 2.54
6 3.16 2.77 2.77
7 3.34 2.95 3.19
8 4.24 3.80 398
9 4.52 4.19 4.47
10 4.78 4.40 4.76
11 4.92 4.67 4.98
12 5.15 4.84 5.20
13 5.37 4.97 5.36
14 5.75 5.26 5.51
15 6.05 5.43 5.68
16 8.36 5.58 8.89
17 9.51 7.86 9.00
18 10.69 8.28 9.19
19 10.96 9.90 9.92
20 10.98 10.22 10.85
21 11.15 10.79 11.45
22 11.78 11.19 11.85
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Y Y

\Tquué}'}ﬁlumuﬂ@uﬂ'ﬁﬂ'ﬁ]ﬂﬁgﬂgcﬁ‘ﬂa 1 59U ﬁﬁﬂTJgﬂ']ﬁﬂ'mﬂﬁy‘@g“ﬁﬂa ﬂ\?ﬁ NaOH 50%

oas 19U InAu: NaOH Wi 1: 10 gaingil 75°C 1 hr

avafi (pH)
1f331%5 NaOH (ml)
1 2 3
1 2.04 2.06 2.15
2 2.14 2.10 2.19
3 2.25 2.20 2.28
4 2.44 2.33 2.39
5 2.65 2.47 2.56
6 3.04 2.68 2.77
7 3.32 2.90 3.22
8 4.12 3.75 4.21
9 4.42 4.13 4.50
10 471 4.34 4.77
11 4.85 4.61 4.99
12 5.08 4.78 5.21
13 5.27 4.94 5.40
14 5.65 5.22 5.55
15 5.95 5.58 5.71
16 6.25 5.76 5.92
17 6.58 5.97 8.03
18 9.76 7.43 8.63
19 10.03 8.76 9.96
20 10.60 10.08 10.89
21 11.57 10.94 11.47
22 12.00 11.34 11.88
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\Tquué}'}ﬁlumuﬂ@uﬂ'ﬁﬂ'ﬁ]ﬂﬁgﬂgcﬁ‘ﬂa 2 79U ﬁﬁﬂTJgﬂ']ﬁﬂ'mﬂﬁy‘@g“ﬁﬂa ﬂ\?ﬁ NaOH 50%

oas 19U InAu: NaOH Wi 1: 10 gaingil 75°C 1 hr

ﬂ%’dﬁ (pH)
1f331%5 NaOH (ml)
1 2 3
1 2.15 2.17 2.25
2 2.25 2.21 2.29
3 2.36 2.31 2.38
4 2.56 2.44 2.49
5 2.77 2.59 2.66
6 3.16 2.80 2.89
7 3.44 3.02 3.34
8 4.24 3.87 433
9 4.54 4.25 4.62
10 4.83 4.46 4.89
11 4.94 4.73 5.11
12 5.17 4.88 5.33
13 5.36 5.04 5.52
14 5.74 5.32 5.66
15 6.04 5.68 5.82
16 6.33 5.86 6.03
17 6.66 6.07 8.14
18 9.84 7.52 8.74
19 10.13 8.85 10.07
20 10.70 10.17 11.00
21 11.67 11.05 11.58
22 12.10 11.45 11.99
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\Tquué}'}ﬁlumuﬂ@uﬂ'ﬁﬂ'ﬁ]ﬂﬁgﬂgcﬁ‘ﬂa 3 59U ﬁﬁﬂTJgﬂ']ﬁﬂ'mﬂﬁy‘@g“ﬁﬂa ﬂ\?ﬁ NaOH 50%

oas 19U InAu: NaOH Wi 1: 10 gaingil 75°C 1 hr

ﬂ%’dﬁ (pH)
133105 NaOH (ml)
1 2 3
1 2.09 2.09 2.19
2 2.19 2.13 2.23
3 2.30 2.23 2.32
4 2.48 2.36 241
5 2.69 2.51 2.58
6 3.68 2.72 2.81
7 3.76 2.94 3.26
8 4.16 3.09 4.25
9 4.44 3.23 4.53
10 4.73 4.39 4.80
11 4.84 4.66 5.02
12 5.07 4.81 5.24
13 5.26 4.97 5.43
14 5.64 5.25 5.57
15 6.95 5.61 5.73
16 8.04 5.80 7.94
17 8.87 8.01 8.77
18 9.75 8.76 9.49
19 10.02 9.79 10.00
20 10.59 10.11 10.93
21 11.56 10.99 11.51
22 11.99 11.39 11.93
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Concentrations of

Weight loss (g)

Chitosan Coating Storage Time (days)
(%) 0 3 6 9 12 15 18
0.0 140.73 | 126.87 | 115.22 | 112.07 - - -
0.2 145.80 | 137.62 | 130.05 | 123.65 | 117.32 | 111.32 | 107.62
0.4 138.25 | 131.32 | 124.63 | 119.41 | 113.65 | 108.32 | 103.62
0.6 139.51 | 132.94 | 126.34 | 120.74 | 115.55 | 110.27 | 106.21
0.8 171.08 | 163.15 | 155.17 | 148.52 | 142.02 | 136.07 | 131.11
1.0 138.65 | 132.54 | 126.34 | 120.67 | 115.31 | 110.64 | 107.24
1.5 153.62 | 147.08 | 141.51 | 137.14 | 132.74 | 128.10 | 125.07
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Concentrations of L*-Value
Chitosan Coating | Repeated Storage Time (days)
(%) 0 3 6 9 12 15
1 48.43 58.73 68.93 70.56 - -
0 2 48.45 58.71 68.91 72.98 - -
3 48.47 58.77 68.97 72.00 - -
1 48.43 53.69 56.99 62.10 65.12 70.62
0.2 2 48.45 53.64 57.00 62.11 65.43 69.98
3 48.47 53.48 57.01 62.14 65.29 70.94
1 48.43 52.65 55.24 58.24 63.79 69.45
0.4 2 48.45 52.14 55.19 58.31 63.45 69.83
3 48.47 53.26 55.21 58.28 63.06 69.57
1 48.43 51.60 54.47 57.02 62.15 69.23
0.6 2 48.45 52.10 54.40 57.25 62.13 69.15
3 48.47 51.45 54.51 57.78 61.78 69.46
1 48.43 50.65 53.05 56.02 61.23 68.95
0.8 2 48.45 50.48 53.04 56.02 62.14 69.10
3 48.47 49.87 53.48 56.47 61.85 68.58
1 48.43 50.36 52.34 54.47 60.12 67.91
1.0 2 48.45 50.46 52.32 54.45 60.30 67.84
3 48.47 52.03 52.32 54.47 59.12 66.98
1 48.43 48.23 50.26 53.21 55.12 63.45
1.5 2 48.45 48.36 50.12 53.02 55.10 63.81
3 48.47 47.97 51.30 53.79 55.14 64.10
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Concentrations of a*-Value
Chitosan Coating | Repeated Storage Time (days)
(%) 0 3 6 9 12 15
1 -11.15  -1.70 6.97 11.53 - -
0 2 -11.08  -1.63 7.04 11.60 - -
3 -11.25  -1.80 6.87 11.43 - -
1 -11.15  -5.85 -2.05 -0.24 2.35 8.36
0.2 2 -11.08  -5.61 -2.01 -0.31 2.38 8.61
3 -11.25  -5.75 -2.04 -0.33 2.32 7.98
1 -11.15  -6.63 -3.12 -1.62 -0.82 8.02
0.4 2 -11.08  -6.27 -3.08 -1.58 -0.77 8.36
3 -11.25  -6.45 -3.22 -1.72 -0.94 8.22
1 -11.15  -6.31 -4.01 -2.31 -0.81 7.52
0.6 2 -11.08  -6.12 -4.86 -2.15 -0.69 7.69
3 -11.25  -6.15 -4.83 -2.17 -0.65 7.11
1 -11.15  -6.09 -5.19 -3.69 -1.19 6.89
0.8 2 -11.08  -7.06 -5.16 -3.56 -1.24 6.71
3 -11.25 771 -5.06 -3.75 -1.28 7.36
1 -11.15  -6.62 -5.62 -4.21 -1.71 6.06
1.0 2 -11.08  -6.53 -5.54 -4.04 -1.54 6.36
3 -11.25  -6.48 -5.48 -4.98 -1.48 6.24
1 -11.15  -7.71 -4.21 -3.41 -2.41 4.36
1.5 2 -11.08  -7.65 -4.15 -3.33 -2.33 4.21
3 -11.25  -7.59 -4.08 -3.29 -2.27 4.48
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Concentrations of b*-Value
Chitosan Coating | Repeated Storage Time (days)
(%) 0 3 6 9 12 15
1 32.45 45.26 52.69 54.56 - -
0 2 32.37 45.12 52.55 54.77 - -
3 32.58 45.90 53.33 56.02 - -
1 32.45 42.35 44.22 46.42 50.14 54.84
0.2 2 32.37 42.65 44.18 46.38 50.32 54.21
3 32.58 42.62 44.22 46.46 50.40 54.16
1 32.45 41.25 42.25 43.45 47.55 52.68
0.4 2 32.37 41.62 42.17 43.37 47.47 52.98
3 32.58 40.76 42.38 43.58 47.68 53.10
1 32.45 40.32 41.78 43.28 47.36 51.23
0.6 2 32.37 40.27 41.84 4334  47.15 51.47
3 32.58 40.01 41.80 4330  47.05 51.89
1 32.45 40.12 41.75 42.85 45.68 51.36
0.8 2 32.37 40.65 41.14 4225 46.25 51.63
3 32.58 40.92 40.98 4210  45.78 51.98
1 32.45 39.58 4144 4524 4412 49.36
1.0 2 32.37 39.85 41.42 4520  44.65 49.25
3 32.58 40.21 41.43 45.23 44.98 49.03
1 32.45 37.21 37.28 39.78 41.23 45.12
1.5 2 32.37 36.95 37.25 39.75 41.36 45.16
3 32.58 36.84 37.16 39.66 41.50 4539
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Concentrations of Firmness (N)
Chitosan Coating | Repeated Storage Time (days)
(%) 0 3 6 9 12 15
1 31.28 25.40 11.87 2.45 - -
0 2 30.21 26.58 12.55 2.75 - -
3 31.09 24.32 11.18 2.84 - -
1 31.28 26.38 16.38 13.24 4.32 2.62
0.2 2 30.21 25.69 17.95 12.65 4.02 2.62
3 31.09 26.58 17.65 12.95 4.12 2.69
1 31.28 27.36 18.34 14.22 4.61 2.56
0.4 2 30.21 26.38 18.63 13.63 4.61 3.21
3 31.09 27.36 19.32 13.04 5.00 2.04
1 31.28 26.38 19.32 15.99 5.59 3.02
0.6 2 30.21 25.99 19.03 16.57 5.30 3.25
3 31.09 28.73 21.58 16.28 7.16 2.66
1 31.28 27.36 22.36 17.36 7.65 3.04
0.8 2 30.21 2824  24.62 16.28 8.34 3.25
3 31.09 27.66 22.75 16.38 7.55 2.69
1 31.28 28.64  20.40 18.34 8.04 2.96
1.0 2 30.21 29.32 22.65 18.34 8.63 293
3 31.09 28.05 22.95 17.95 8.34 3.65
1 31.28 27.66 22.07 18.83 9.61 3.71
1.5 2 30.21 27.46 23.63 18.63 10.20 3.63
3 31.09 28.05 22.65 19.32 12.36 4.02
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Concentrations of Total soluble solids (°Brix)
Chitosan Coating | Repeated Storage Time (days)
(%) 0 3 6 9 12 15
1 4.0 7.2 15.6 20.2 - -
0 2 4.0 7.2 15.6 20.2 - -
3 42 7.2 15.4 20.2 - -
1 4.0 7.0 13.0 15.2 18.6 21.8
0.2 2 4.0 7.0 13.0 15.2 18.6 21.8
3 42 7.0 132 15.0 18.4 21.8
1 4.0 6.2 11.2 15.2 17.4 21.2
0.4 2 4.0 6.2 11.2 15.2 17.4 21.2
3 42 6.0 11.2 15.2 17.2 21.4
1 4.0 5.8 10.8 13.2 15.2 20.6
0.6 2 4.0 5.8 10.8 13.2 15.2 20.6
3 42 5.6 10.8 13.0 15.2 20.4
1 4.0 6.2 9.2 13.8 14.2 20.2
0.8 2 4.0 6.2 9.2 13.8 14.2 20.2
3 42 6.0 9.0 13.6 14.2 20.2
1 4.0 4.2 9.4 12.4 13.4 19.4
1.0 2 4.0 4.2 9.4 12.2 13.4 19.2
3 4.2 4.2 9.4 12.2 13.4 19.4
1 4.0 4.6 8.2 10.8 11.8 17.2
1.5 2 4.0 4.6 8.2 10.8 11.8 17.4
3 42 4.6 8.4 10.6 11.8 17.3
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Concentration of chitosan (%)

Storage Time (days) Weight loss (g)
0.0 0.2 0.4 0.6 0.8 1.0 1.5
0 83.18 88.15 85.72 89.50 82.65 86.46 85.65
3 81.02 86.14 | 84.01 87.65 81.30 85.24 84.01
6 80.54 85.64 | 83.14 86.98 80.84 84.87 83.64
9 78.21 83.52 82.15 85.52 79.35 84.15 82.46
12 76.85 82.14 | 81.15 84.65 78.24 83.16 81.44
15 76.22 81.98 80.29 83.85 77.34 82.96 81.05
18 75.39 80.16 79.36 82.91 76.38 82.01 80.68
21 74.14 | 79.68 78.65 81.87 | 75.85 81.03 79.65
24 73.56 78.35 77.06 80.23 73.98 80.08 77.69
27 72.01 77.10 75.58 79.12 | 73.11 79.48 76.24
30 70.32 75.65 73.54 77.14 | 71.65 77.54 | 74.56
33 68.54 | 73.14 | 71.65 75.68 70.23 75.48 72.84
36 67.32 71.65 70.10 73.65 68.58 74.56 | 71.39
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Concentration of chitosan (%)
Storage Time (days) | Repeated L*-Value
0.0 0.2 0.4 0.6 0.8 1.0 1.5
1 44251 49.84 | 44.13 | 45.21 | 45.98 | 46.17 | 45.39
0 2 4438 | 49.84 | 44.15 | 45.32 | 45.99 | 46.16 | 45.37
3 44.16 | 49.82 | 44.17 | 45.20 | 45.99 | 46.14 | 45.32
1 45.23 | 50.82 | 44.98 | 46.01 | 46.73 | 46.84 | 46.09
3 2 4536 | 50.78 | 44.99 | 46.13 | 46.74 | 46.84 | 46.08
3 45.15| 50.74 | 45.03 | 46.02 | 46.74 | 46.84 | 46.04
1 46.37 | 51.84 | 45.83 | 46.77 | 47.25 | 47.34 | 46.62
6 2 46.50 | 51.80 | 45.88 | 46.91 | 47.31 | 47.35 | 46.59
3 46.29 | 51.76 | 45.92 | 46.78 | 47.29 | 47.31 | 46.56
1 4792 | 53.36 | 47.24 | 48.05 | 48.46 | 48.45 | 47.77
9 2 48.08 | 53.34 | 47.31 | 48.22 | 48.55 | 48.47 | 47.73
3 4791 | 53.27 | 47.35 | 48.11 | 48.51 | 48.39 | 47.70
1 48.95 | 54.56 | 48.17 | 48.87 | 49.20 | 49.01 | 48.38
12 2 49.15 | 54.34 | 48.22 | 49.08 | 49.31 | 49.01 | 48.38
3 48.99 | 54.34 | 48.28 | 48.94 | 49.22 | 48.89 | 48.32
1 51.15 | 56.28 | 49.78 | 50.42 | 50.63 | 50.22 | 49.69
15 2 51.45 | 56.12 | 49.89 | 50.62 | 50.74 | 50.24 | 49.73
3 51.09 | 56.09 | 49.95 | 50.51 | 50.65 | 50.12 | 49.73
1 52.09 | 57.18 | 50.63 | 51.17 | 51.27 | 50.66 | 50.01
18 2 52.40 | 57.05 | 50.71 | 51.33 | 51.39 | 50.70 | 50.10
3 52.06 | 56.96 | 50.75 | 51.30 | 51.32 | 50.57 | 50.14
1 54.41 | 59.33 | 52.04 | 52.37 | 52.51 | 51.57 | 51.15
21 2 54.70 | 59.24 | 52.16 | 52.58 | 52.62 | 51.66 | 51.29
3 54.40 | 59.07 | 52.21 | 52.53 | 52.52 | 51.55 | 51.25
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Concentration of chitosan (%)
Storage Time (days) | Repeated L*-Value
0.0 0.2 0.4 0.6 0.8 1.0 1.5
1 55.65 | 60.41 | 53.11 | 53.16 | 53.25 | 52.18 | 51.89
24 2 55.90 | 60.38 | 53.19 | 53.29 | 53.41 | 52.33 | 52.07
3 55.63 | 60.26 | 53.21 | 53.35 | 53.31 | 52.24 | 52.00
1 5639 | 61.22 | 53.75 | 53.67 | 53.69 | 52.52 | 52.35
27 2 56.72 | 61.25 | 53.84 | 53.83 | 53.87 | 52.72 | 52.54
3 56.41 | 61.08 | 53.92 | 53.85 | 53.79 | 52.66 | 52.44
1 5724 | 61.92 | 54.34 | 54.14 | 54.09 | 5291 | 52.84
30 2 57.61 | 62.01 | 54.35 | 5442 | 54.30 | 53.09 | 52.95
3 5724 | 61.84 | 54.48 | 5438 | 54.22 | 53.01 | 52.97
1 59.16 | 63.73 | 56.03 | 55.65 | 55.67 | 54.21 | 54.25
32 2 59.71 | 63.90 | 55.99 | 56.06 | 55.84 | 54.48 | 54.47
3 59.21 | 63.70 | 56.15 | 55.97 | 55.76 | 54.25 | 54.44
1 60.44 | 65.05 | 56.98 | 56.52 | 56.32 | 54.81 | 55.01
36 2 60.89 | 65.14 | 56.96 | 56.86 | 56.53 | 55.06 | 55.12
3 60.42 | 65.01 | 57.12 | 56.83 | 56.36 | 54.86 | 55.12
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Concentration of chitosan (%)

Storage Time (days) | Repeated a*-Value

0.0 0.2 0.4 0.6 0.8 1.0 1.5

1 -11.85| -8.35 | -12.25|-12.05|-11.29|-10.42 | -10.30

0 2 -12.01| -8.31 |-12.18|-12.21|-11.39|-10.33 | -10.23
3 -11.94| -8.35 | -12.35|-12.14|-11.36 | -10.25 | -10.21

1 -10.64 | -7.21 |-11.18|-11.08|-10.44| -9.66 | -9.55

3 2 -10.82| -7.20 |-11.12|-11.21|-10.52| -9.58 | -9.47
3 -10.74 | -7.20 |-11.29|-11.16|-10.51| -9.51 | -9.43

1 -9.79 | -6.44 [-10.46(-10.54|-10.03| -9.31 | -9.11

6 2 -9.95 | -6.42 [-10.36 [ -10.67 | -10.09 | -9.24 | -9.05
3 -9.89 | -6.42 |-10.55|-10.60 [ -10.09| -9.14 | -9.03

1 -8.44 | -5.22 [ -9.35 | -9.53 | -9.09 | -8.50 | -8.26

9 2 -8.61 | -5.18 | -9.24 | -9.66 | -9.13 | -8.38 | -8.16
3 -8.52 | -5.18 | -9.46 | -9.62 | -9.17 | -8.28 | -8.15

1 -7.32 | -4.24 | -8.54 | -8.62 | -8.52 | -8.08 | -7.71

12 2 <744 | -4.21 | -8.40 | -8.71 | -8.59 | -7.93 | -7.62
3 <742 | -4.24 | -8.66 | -8.66 | -8.58 | -7.88 | -7.56

1 -5.85 | -2.92 | -7.35 | -7.51 | -7.71 | -7.44 | -6.89

15 2 -5.99 | -2.87 | -7.20 | -7.55 | -7.75 | -7.26 | -6.76
3 -6.07 | -2.95 | -7.52 | -7.56 | -7.78 | -7.25 | -6.76

1 -4.64 | -1.75 | -6.40 | -6.71 | -6.88 | -6.73 | -6.14

18 2 -4.73 | -1.75 | -6.23 | -6.69 | -6.94 | -6.51 | -5.97
3 -4.86 | -1.85 | -6.61 | -6.67 | -6.92 | -6.57 | -6.00

1 -2.12 | 0.59 | -427 | -4.74 | -5.32 | -5.42 | -4.73

21 2 -223 | 0.56 | -4.12 | -4.78 | -5.43 | -5.15 | -4.48
3 -2.30 | 049 | -445 | -4.70 | -5.38 | -5.27 | -4.54
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Concentration of chitosan (%)
Storage Time (days) | Repeated a*-Value
0.0 0.2 0.4 0.6 0.8 1.0 1.5
1 -1.17 | 145 | -3.64 | -4.16 | -4.81 | -4.82 | -4.02
24 2 -1.32 | 1.37 | -3.47 | -4.13 | -4.85 | -4.49 | -3.84
3 -1.32 | 1.36 | -3.80 | -4.09 | -4.82 | -4.66 | -3.82
1 -0.46 | 2.31 | -2.90 | -3.55 | -4.03 | -4.52 | -3.55
27 2 -0.54 | 2.15 | -2.71 | -3.46 | -4.15 | -4.17 | -3.44
3 -0.50 | 2.27 | -3.10 | -3.44 | -4.18 | -4.31 | -3.35
1 0.33 | 3.13 | -2.30 | -3.00 | -3.51 | -4.15 | -3.12
30 2 0.17 | 3.04 | -2.08 | -2.84 | -3.56 | -3.86 | -2.97
3 032 | 3.02 | -2.41 | -2.86 | -3.64 | -4.00 | -2.93
1 1.59 | 454 | -0.38 | -1.74 | -2.40 | -3.25 | -2.15
32 2 1.46 | 457 | -0.73 | -1.55 | -2.37 | -2.92 | -2.02
3 1.56 | 448 | -1.04 | -1.65 | -2.66 | -3.14 | -1.98
1 285 | 545 | 042 | -1.00 | -1.87 | -2.94 | -1.58
36 2 224 | 547 | 0.16 | -0.81 | -1.78 | -2.53 | -1.52
3 2.54 | 5.61 | -0.19 | -0.89 | -2.12 | -2.79 | -1.42
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Concentration of chitosan (%)

Storage Time (days) | Repeated b*-Value
0.0 0.2 0.4 0.6 0.8 1.0 1.5
1 32.10 | 35.82 | 31.85 | 31.12 | 37.75 | 35.24 | 32.58
0 2 31.95 | 35.76 | 31.77 | 32.07 | 38.16 | 35.22 | 32.61
3 31.91 | 35.88 | 31.98 | 32.11 | 37.37 | 35.20 | 32.44
1 32.98 | 36.57 | 32.58 | 31.70 | 38.19 | 35.67 | 33.03
3 2 32.82 | 36.54 | 32.51 | 32.63 | 38.62 | 35.64 | 33.06
3 32.78 | 36.66 | 32.69 | 32.66 | 37.83 | 35.62 | 32.88
1 33.86 | 37.32 | 33.31 | 32.28 | 38.63 | 36.10 | 33.48
6 2 33.69 | 37.32 | 33.25 | 33.19 | 39.08 | 36.06 | 33.51
3 33.65 | 37.44 | 33.40 | 33.21 | 38.29 | 36.04 | 33.32
1 35.32 | 38.52 ( 34.32 | 33.22 | 39.49 | 36.77 | 34.20
9 2 35.14 | 38.53 | 34.22 | 34.15 | 39.94 | 36.70 | 34.25
3 35.12 | 38.63 | 34.41 | 34.14 | 39.13 | 36.71 | 34.05
1 36.45 | 39.62 | 35.24 | 34.03 | 40.29 | 37.41 | 34.94
12 2 36.28 | 39.65 | 35.19 | 34.99 | 40.68 | 37.37 | 34.96
3 36.23 | 39.77 | 35.31 | 35.00 | 39.99 | 37.32 | 34.76
1 37.86 | 41.03 | 36.44 | 35.03 | 41.21 | 38.15 | 35.76
15 2 37.73 | 41.07 | 36.42 | 36.01 | 41.66 | 38.15 | 35.81
3 37.63 | 41.23 | 36.57 | 35.97 | 40.97 | 38.05 | 35.58
1 39.24 | 42.23 | 37.54 | 35.92 | 42.16 | 38.75 | 36.44
18 2 39.07 | 42.30 | 37.50 | 36.88 | 42.62 | 38.80 | 36.56
3 38.94 | 42.44 | 37.69 | 36.78 | 41.87 | 38.66 | 36.29
1 41.39 | 44.27 | 39.35 | 37.70 | 43.71 | 39.96 | 37.78
21 2 41.20 | 44.28 | 39.35 | 38.62 | 44.16 | 40.06 | 37.95
3 41.07 | 44.53 | 39.56 | 38.45 | 43.43 | 39.84 | 37.53
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Concentration of chitosan (%)
Storage Time (days) | Repeated b*-Value
0.0 0.2 0.4 0.6 0.8 1.0 1.5
1 42.64 | 45.42 | 40.30 | 38.61 | 44.52 | 40.68 | 38.59
24 2 42.43 | 45.45 | 40.24 | 39.49 | 45.05 | 40.82 | 38.90
3 42.30 | 45.61 | 40.53 | 39.40 | 44.29 | 40.61 | 38.42
1 43.51 | 46.13 | 41.00 | 39.15 | 45.03 | 41.13 | 39.14
27 2 43.37 | 46.23 | 41.03 | 40.10 | 45.58 | 41.31 | 39.40
3 43.15 | 46.43 | 41.25 | 39.90 | 44.77 | 41.06 | 38.94
1 4433 | 46.80 | 41.78 | 39.88 | 45.63 | 41.54 | 39.71
30 2 44.24 | 46.84 | 41.74 | 40.83 | 46.16 | 41.84 | 39.91
3 4398 | 47.10 | 42.10 | 40.69 | 45.46 | 41.55 | 39.48
1 46.44 | 48.71 | 43.59 | 41.58 | 47.10 | 42.98 | 41.22
32 2 46.22 | 48.81 | 43.66 | 42.56 | 47.77 | 43.36 | 41.53
3 45.96 | 49.07 | 43.96 | 42.44 | 47.13 | 43.12 | 41.09
1 47.31 | 49.52 | 44.31 | 42.09 | 47.50 | 43.30 | 41.73
36 2 47.36 | 49.61 | 44.42 | 43.18 | 48.22 | 43.75 | 41.98
3 46.88 | 49.94 | 44.72 | 42.93 | 47.58 | 43.38 | 41.63
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Concentration of chitosan (%)

Storage Time (days) | Number of Limes | Repeated Firmness (N)
00 02] 04| 06| 08 10] 15
1 1.06 | 1.06 [ 1.06 | 1.06 [ 1.06 | 1.06 | 1.06
1 2 123 [ 1.23 | 1.23 | 1.23 ] 1.23 | 1.23 | 1.23
’ 1 1.57 | 1.57 [ 1.57 | 1.57 | 1.57 | 1.57 | 1.57
? 2 135 135 135 1.35( 1.35| 1.35| 1.35
1 526|397 (322343269 3.12| 2.65
1 2 6321 3.26 | 3.65| 3.13 [ 2.99 | 3.60 | 2.39
’ 1 5.69 | 492 | 398 3.61 | 3.06 | 2.85] 3.06
? 2 533|421 |3.67]295(3.54]265] 3.51
1 823|542 |495| 4.65| 428|456 4.82
! 2 827|563 (432|436 436|435 4.61
° 1 6.99 | 5.01 [ 5.13 | 495 5.01 | 498 | 4.95
? 2 7.68 | 6.54 | 532 5.32 | 5.20 | 5.01 | 4.62
1 621 ] 6.12 | 6.01 | 595 | 5.64 | 598 | 5.68
1 2 540 | 625 6.32 | 532 | 598 | 5.63 | 5.95
’ 1 895 | 641 | 6.44 | 5.14 | 6.04 | 5.02 | 6.01
? 2 8.65| 587 | 7.52] 574632514 6.41
1 7251 695 | 7.10 | 6.58 | 6.25 | 6.20 | 6.35
1 2 798 | 7.02 | 7.31 | 6.95 | 639 [ 6.31 | 6.84
. 1 801 | 736 | 745 | 7.01 | 6.12 | 6.14 | 7.01
? 2 846 | 7.64 | 6.85 | 6.49 | 6.88 | 6.66 | 5.23
1 9.12 [ 695 | 7.65 | 7.12 | 7.01 | 7.12 | 7.14
1 2 936 | 6.84 | 795 | 731 | 7.12 | 7.45 | 7.63
° 1 801 [ 7.01 | 7.32 | 8.06 | 823 | 7.32 | 7.98
? 2 8.64 | 723 | 7.21 | 695 [ 811 | 7.04 | 8.01
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Concentration of chitosan (%)
Storage Time (days) [ Number of Limes | Repeated Firmness (N)

00| 02] 04| 06| 08 10] 15

1 984 | 795 | 736 | 7.52 | 724 | 6.82 | 7.32

1 2 10.12| 7.62 | 7.88 | 7.63 | 7.36 | 6.35 | 7.01

a 1 937 | 744 | 7.01 | 741 | 7.04 | 6.98 | 7.65
? 2 9.64 | 812 | 8.63 | 7.01 | 7.13 | 7.03 | 6.95

1 10.64| 825 | 8.01 | 7.63 [ 7.36 | 6.55 | 6.84

1 2 1032 834 | 7.63 | 7.74 | 8.02 | 6.32 | 6.95

! 1 9.65 | 811 | 7.65 | 8.61 | 811 [ 6.41 [ 7.02
? 2 944 | 796 | 8.11 | 7.02 | 7.10 | 6.78 | 7.65

1 12.04] 795 | 8.65 | 795 | 8.05 | 7.35 | 7.32

1 2 1236 8.15 | 834 | 7.68 | 823 | 6.98 | 7.65

# 1 10.65]| 8.64 | 8.49 | 7.63 | 8.41 | 7.01 | 7.44
? 2 11.23]1 9.03 | 798 | 891 | 8.04 | 6.85 | 7.90

1 12.05] 9.21 | 836 | 8.02 | 823 | 7.65 | 7.62

1 2 12921 9.56 | 845 | 931 | 8.62 | 7.21 | 7.51

s 1 11.45] 934 | 891 | 8.04 | 7.96 | 7.36 | 8.32
? 2 11.05| 8.17 | 9.30 | 8.62 [ 7.51 | 8.01 | 8.36

1 12.12]1 936 | 9.01 | 9.15 | 9.12 | 8.69 | 9.02

1 2 12.01 ] 10.32] 9.35 | 9.04 | 9.65 | 877 | 9.14

¥ 1 12.02 | 11.01] 10.02 | 9.01 [ 10.01| 8.25 | 9.36
? 2 12.56 1 10.65( 9.36 | 895 | 10.11| 8.74 | 8.65

1 12.34 1 10.64 | 9.14 | 10.25 [ 10.36 | 9.65 | 10.20

1 2 12.85110.22 9.36 | 10.34 [ 10.75| 9.14 ] 10.36

2 1 13.01 1 11.45(10.63 | 10.23 | 10.22| 9.77 | 9.14
? 2 12.12] 10.541 1097 | 11.02 | 10.41 | 10.23 | 9.22
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Concentration of chitosan (%)

Storage Time (days) | Number of Limes | Repeated Firmness (N)
00| 02] 04| 06| 08 10] 1.5
1 1290 11.32] 11.62 | 10.82 | 10.23 | 10.63 | 10.65
1 2 12.81 12.65] 10.65| 10.95 | 10.64 | 10.25| 10.95
% 1 13.021 12.04 [ 11.85] 11.06 [ 10.98 | 9.25 ] 10.32
? 2 1256 11.41 ) 11.32 11.35( 10.20 | 9.65 | 9.65
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M919 v-12 MslasuudasdfSuaveandanazaieninld (Total soluble solids, TSS) U4

3 o @
WEUT TSI UNVINYT 36 TU

Concentration of chitosan (%)
Storage Time (days) | Number of Limes | Repeated Total soluble solids (°Brix)

00| 02|04 )| 06| 08] 1.0 15
1 74 | 74 | 74 | 74| 74| 74| 74
1 2 72 (7272|7272 72|72
3 72 (72|72 72|72 72|72
’ 1 72 (7272|7272 72| 72
2 2 72 (7272|7272 72|72
3 74 | 74 | 74 | 74| 74| 74| 74
1 76 | 74 | 76 | 74 | 74| 72| 70
1 2 76 | 74 | 76 | 74 | 72| 72| 7.0
3 76 | 74 | 76 | 74 | 72 | 70 | 7.0
’ 1 74 (74 | 76 | 74 | 72| 70 | 74
2 2 72 | 72| 74 | 72| 72| 70 | 74
3 74 (72| 74 | 74| 72| 70| 74
1 76 | 72 | 76 | 74 | 74| 74 | 74
1 2 76 | 72 | 76 | 74| 72| 74 | 74
3 76 | 72 | 76 | 74 | 72| 74 | 74
° 1 74 [ 74 | 78 | 74 | 72| 72| 7.8
2 2 74 | 74 | 78 | 74 | 72| 74 | 7.8
3 76 | 74 | 80 | 74 | 74 | 74 | 7.8
1 76 | 74 | 74 | 78 | 7.6 | 74 | 72
1 2 74 [ 76 | 76 | 76 | 7.6 | 74 | 7.2
3 76 | 76 | 78 | 76 | 7.8 | 74 | 72
’ 1 78 [ 72 | 78 | 76 | 76 | 72 | 72
2 2 78 72 | 78 | 78 | 7.6 | 72 | 7.6
3 76 | 72 | 7.8 | 78 | 7.6 | 72 | 7.6
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WEUT FTHLIAUNVINYT 36 TU

Concentration of chitosan (%)
Storage Time (days) | Number of Limes | Repeated Total soluble solids (°Brix)

00| 02| 04| 06| 08] 10| L5
1 78 | 74 | 74 | 76 | 78 | 74 | 1.6
1 2 78 | 74 | 74 | 76 | 78 | 74 | 1.6
3 78 | 74| 74 | 76 | 78 | 74 | 74
. 1 78 | 7.8 | 72 | 76 | 7.8 | 76 | 74
2 2 78 | 78 | 72 | 76 | 78 | 7.6 | 14
3 76 | 76 | 72 | 74 | 78 | 7.6 | 14
1 76 | 7.6 | 74 | 78 | 78 | 74 | 7.6
1 2 78 | 76 | 74 | 78 | 78 | 74 | 7.8
3 78 | 76 | 74 | 76 | 78 | 74 | 7.8
P | 78 | 7.6 | 72 | 78 | 74 | 74 | 8.0
2 2 78 | 74 | 72 | 78 | 74| 74 | 80
3 78 | 74 | 72 | 78 | 7.6 | 7.6 | 8.0
1 78 | 7.8 | 76 | 78 | 8.0 | 7.6 | 7.6
1 2 78 | 7.8 | 7.8 | 80 | 80 | 7.6 | 74
3 78 [ 76 | 78 | 80 [ 80 | 74 | 74
18 1 80 | 78 | 78 | 80 | 76 | 74 | 72
2 2 78 | 7.8 | 7.8 | 80 | 7.6 | 74 | 72
3 80 | 78 | 78 | 80 | 7.8 | 74 | 7.0
1 80 | 78 | 7.8 | 80 | 7.8 | 74 | 7.8
1 2 80 | 78 | 78 | 82 | 80 | 74 | 7.8
3 80 | 78 | 76 | 82 | 80 | 72 | 7.8
. 1 82 | 82 | 76 | 82 | 78 | 72 | 7.6
2 2 82 | 82 | 78 | 82 | 78 | 72 | 74
3 82 | 80 | 78 | 84 | 78 | 72 | 74
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Concentration of chitosan (%)
Storage Time (days) | Number of Limes | Repeated Total soluble solids (°Brix)
00| 02| 04| 06| 08] 10| L5
1 80 | 80 | 78 | 7.8 | 80 | 7.6 | 7.6
1 2 80 | 80 | 78 | 7.8 | 80 | 7.6 | 7.4
3 82 | 80 | 78 | 7.8 | 80 | 7.6 | 74
24
1 82 | 82 [ 78 | 84 | 76 | 72 | 7.6
2 2 82 | 80 | 76 | 84 | 76 | 72 | 7.6
3 82 | 82 | 76 | 82 | 76 | 74 | 7.6
1 80 | 80 | 78 | 82 | 7.8 | 7.6 | 8.0
1 2 82 | 80 | 78 | 82 | 7.8 | 7.6 | 8.0
3 82 | 80 | 78 | 84 | 78 | 7.6 | 8.2
27
1 84 | 82 | 74 | 86 | 80 | 7.8 | 7.6
2 2 84 | 82 | 74 | 86 | 80 | 7.8 | 7.6
3 84 | 82 | 74 | 84 | 80 | 76 | 7.6
1 84 | 82 | 82 | 80 | 80 | 7.6 | 8.0
1 2 84 | 84 | 80 | 80 | 82 | 7.6 | 82
3 84 | 84 [ 80 | 80 | 82 | 74 | 82
¥ 1 86 | 86 | 80 | 80 | 82 | 74 | 7.6
2 2 86 | 86 | 80 | 82 | 82 | 74 | 7.6
3 86 | 84 [ 80 | 82| 82 | 74 | 7.8
1 86 | 84 [ 82 | 82 | 82 | 7.8 | 82
1 2 86 | 87 | 82 | 82 | 84 | 76 | 84
3 86 | 86 | 82 | 82 | 84 | 76 | 84
¥ 1 88 | 86 | 82 | 84 | 84 | 7.8 | 84
2 2 88 | 86 | 80 | 84 | 84 | 7.8 | 82
3 88 | 86 | 82 | 82 | 82 | 7.8 | 8.2
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Concentration of chitosan (%)
Storage Time (days) | Number of Limes | Repeated Total soluble solids (°Brix)

00| 02|04 (06| 08| 1.0] 15
| 90 | 86 | 84 | 84 | 82 | 80 | 82
1 2 90 | 86 | 84 | 84 | 84 | 82 | 82
3 88 | 86 | 86 | 86 | 84 | 82 | 82
¥ 1 88 | 84 | 86 | 86 | 82 | 8.0 | 84
2 2 88 | 86 [ 8.6 | 86 | 82 | 8.0 | 84
3 88 | 86 [ 8.6 | 84 | 82 | 7.8 | 84
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M3 v-13 Psavea Twden laasen loan 141ums Inmsaien1dsunal Titratable Acidity

S o o
(TA) UDINTUTI TLILIAUNUINYI 36 U

Concentration of chitosan (%)
Storage Time (days) Repeated Volume of NaOH (ml)

0.0 0.2 0.4 0.6 0.8 1.0 1.5

1 65.0 | 650 | 650 | 650 | 650 | 650 | 65.0

0 2 68.0 | 68.0 | 68.0 | 68.0 | 68.0 | 68.0 | 68.0
3 65.0 | 650 | 650 | 650 | 650 | 650 | 65.0

1 66.0 | 650 | 650 | 67.0 | 66.0 | 66.0 | 66.0

3 2 66.0 | 660 | 67.0 | 66.0 | 67.0 | 66.0 | 67.0
3 65.0 | 67.0 | 67.0 | 66.0 | 650 | 68.0 | 67.0

1 65.0 | 650 | 650 | 650 | 66.0 | 66.0 | 66.0

6 2 65.0 | 650 | 640 | 66.0 | 66.0 | 68.0 | 67.0
3 66.0 | 640 | 650 | 66.0 | 67.0 | 66.0 | 66.0

1 62.0 | 640 | 650 | 66.0 | 640 | 67.0 | 65.0

9 2 63.0 | 63.0 | 630 | 66.0 | 640 | 66.0 | 66.0
3 62.0 | 63.0 | 63.0 | 650 | 650 | 66.0 | 66.0

1 650 | 63.0 | 620 | 640 | 640 | 66.0 | 65.0

12 2 640 | 640 | 620 | 650 | 640 | 650 | 65.0
3 64.0 | 640 | 63.0 | 650 | 650 | 66.0 | 66.0

1 63.0 | 620 | 630 | 63.0 | 640 | 650 | 64.0

15 2 63.0 | 63.0 | 620 | 63.0 | 640 | 650 | 65.0
3 61.0 | 63.0 | 63.0 | 640 | 640 | 650 | 64.0

1 63.0 | 63.0 | 620 | 650 | 640 | 650 | 64.0

18 2 62.0 | 63.0 | 620 | 62.0 | 640 | 650 | 64.0
3 62.0 | 640 | 60.0 | 63.0 | 63.0 | 63.0 | 63.0

1 61.0 | 620 | 620 | 63.0 | 640 | 640 | 63.0

21 2 60.0 | 620 | 630 | 63.0 | 63.0 | 640 | 64.0
3 61.0 | 63.0 | 63.0 | 62.0 | 63.0 | 640 | 64.0




160

M3 ¥-13 (90) Ysunavea Ta@on laason loan 15 1ums InmsamenidSuna Titratable
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Concentration of chitosan (%)
Storage Time (days) Repeated Volume of NaOH (ml)

0.0 0.2 0.4 0.6 0.8 1.0 1.5

1 61.0 | 63.0 | 620 | 62.0 | 620 | 640 | 63.0

24 2 60.0 | 63.0 | 620 | 62.0 | 63.0 | 62.0 | 63.0
3 60.0 | 650 | 61.0 | 63.0 | 63.0 | 63.0 | 64.0

1 58.0 64.0 63.0 62.0 60.0 63.0 62.0

27 2 60.0 62.0 63.0 63.0 60.0 63.0 62.0
3 60.0 62.0 60.0 62.0 62.0 62.0 63.0

1 58.0 60.0 60.0 61.0 62.0 62.0 62.0

30 2 56.0 61.0 62.0 62.0 62.0 64.0 62.0
3 57.0 62.0 62.0 62.0 62.0 63.0 63.0

1 56.0 56.0 60.0 61.0 60.0 63.0 62.0

32 2 56.0 56.0 60.0 62.0 62.0 62.0 62.0
3 55.0 56.0 61.0 61.0 61.0 62.0 61.0

1 55.0 58.0 59.0 58.0 61.0 62.0 62.0

36 2 56.0 57.0 59.0 59.0 61.0 62.0 61.0
3 55.0 58.0 59.0 61.0 62.0 62.0 61.0
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Abstract — This study was conducted to determine the effect of chitosan on postharvest quality and shelf
life of “Hom Thong” Banana (Musa A44 Group,Gros Michel) fruit. The banana samples were dipped for
1 min and 2 times into chitosan solution of 0% (control). 0.2%. 0.4%. 0.6%. 0.8%. 1.0% and 1.5% (W/v).
The coated samples were stored at room temperature (30+2°C) until decadent. The properties of weight
loss. color. total soluble solids. and firmness for all samples were measured every 3 day. A chitosan
coating could reduce weight loss and prolong color from greenish to yellowish of the banana. The
increasing in total soluble solids and delay changing firmness during samples storage was found as the
chitosan coating. Increasing the concentration of chitosan coating pronounced the beneficial effects on the
postharvest quality. Coating “Hom Thong™ Banana with 1.5% chitosan solution was found the most
effectiveness for treatments that could prolong the shelf life until 18 days from 10 days.

Keyword: Chitosan coating, Postharvest quality; Banana
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1. Introduction

“Hom Thong™ Banana is an importance fruit for
commercial in world trade. Bananas are usually
harvested by cutting the plant carefully to prevent
damage to the fruits. It is harvested at full maturity for
domestic consumption. but for export it must be shipped
uripe so the harvesting stage should be before fully
mature. An important problem that effects to the fiuit
exporting is postharvest management according to a
short shelf life. Green bananas are shipped at
temperature range from 13-14°C. One method of
extending postharvest shelf-life is the use of edible
coating. Many techniques of fruit coating for storage
after harvest have been developed to extend the shelf
life and prolong freshness of fruits such as polyethylene
wax emulsion, TAL Prolong. beewax. carnuba,
candelilla, chitosan. and paraffin. Application of the
chitosan-edible coatings is promising to improve the
quality and extend shelf life in manufacturing process.
A composite film derived from chitosan has good wet
strength. gas barrier. and biodegradable. Chitosan is a
safe material that has been reported to form an ideal
film—coating on fruits surface to delay the ripening of
fiuits. Tt has been successfully used as food wraps [1]
and thus maintains the quality and reduced weight loss
of fruits and vegetable such as litchi. Chinese water
chestnut and longan fruit [2][3].

Consequently. objective of this work was to study the
effects of chitosan coating on postharvest shelf life and
quality consist weight loss. color. total soluble solids
and firmness of “Hom Thong™ Banana.

2. Materials and method
2.1 Materials

“Hom Thong" Banana (Musa AAA Group,Gros
Michel) fruit samples were obtained from a conunercial
market. Fresh fruits were selected for uniform size.
shape. and color.

2.2 Experimental method

Prepared different concentrations of chitosan
solutions (0.1. 0.2, 0.3. 0.4, 0.5 and 1%) by dissolved
with 0.5% acetic acid. After washing. the fiuit were
dipped for 1 min into chitosan (80-85% deacetylated)
solution of 0% (control). 0.2%. 0.4%. 0.6%. 0.8%. 1.0%
and 1.5% (w/v). Two times dipped coating was
performed after the fiuit dried to make sure for
completely coated. The coated samples were stored at
room temperature (30=2°C) until decadent.

2.3 Determining of Weight Loss

Weight loss was measured and calculated
progressively on the basis of a comparison for fruit
weight as coating with chitosan during the storage

period. The percentage of weight loss was calculated as
equation (1).

Initial weight — Final weight "
Initial weight

Weight loss = 100 {1

2.4 Color Measurement

The color value of banana was measured by a Hunter
Lab. Color Flex model. The color was expressed as L*-
ralue  for lightness. a*-value for redness (+) or
greenness (-). and b*-value for yellowness (+) or
blueness (-).Additionally. the total color difference (AE)
was defined as equation (2).

AE=[L,—L,f +(as—a,f +6o 5, V) @

Where Ly and L are the initial and final lightness
value. respectively. The a; and a; are the initial and final
redness value. respectively. The by and by are the initial
and final vellowness value, respectively. A standard
white plate (L” = 92.82. a" =124. b" = 0.50) and a
black plate were used to standardize the instruments.

2.5 Measurement of Total Soluble Solids (TSS)

Tissue (20 g) from “Hom Thong” Banana was
homogenized in a grinder and then centrifuged for 20
min. The supernatant phase was collected and analyzes
to determine the amount of total soluble solids. °Brix.
using a hand refractometer (ATAGO. N-o model) [4].

2.6 Firmness Analysis

The firmness value was measured during storage until
decadent by using texture analyzer (TA.XT plus. stable
micro systems model). The samples were taken from
different parts of fruit with the pressure tester equipped
with a 5 mm diameter flat plunger. which penetrate to a
depth of 10 mm at a test speed of 50 mm/min [5]. The
average value of firmness for each fiuit was calculated
from these values.

2.7 Statistical Analysis

The data from the repeated experiments were
analyzed to determine whether the variances were
statistically homogeneous. Statistical comparisons were
made by one-way analysis of variance (ANOVA)
followed by Duncan’s multiple range test. Least
significant differences (LSDs) were calculated to
compare significant effects at P <0.05 level.

3. Results and Discussion

3.1 Effect of Chitosan Coating on Weight Loss

The effect of chitosan coating on the weight loss is
shown in Fig.1. The weight loss of bananas coating with
the chitosan solution was lower than the controlled

bo11-2



condition (0% chitosan). Among various chitosan
concentrations. increasing chitosan concentration has
result in weight retention of stored bananas. After 18
days of storage. the weight loss of the control samples
and 1.5% chitosan-coated were 28.23% (highest) and
19.18% (lowest), respectively.

30
— —+— (% (control) .
25 | —=—o02%
= ——04%
£ "
= 20 —=—06? o
2 " ——08%
2 P71 —e-10%
% —*—1.5%
- 10 4
=
5 -
0 T T T
0 3 10 15 20

Storage time (days)

Fig.1 Effect of chitosan coating on weight loss of “Hom Thong™
Banana during storage at room temperature (30=2°C)

3.2 Effect of Chitosan Coating on Color

The feature of banana ripening that is most obvious to
a casual observer is the color change from green to
yellows. Finally. quality analysis of chitosan coating
showed that change of lightness value (L*). redness
value (a*), yellowness value (b*) and the total color
difference (AE*) decreased with increase concentration
of chitosan coating. (Table 1) The effect of chitosan
coating on the total color difference value of banana is
shown in Fig.2. Affer 15 days of storage the banana
treated with 1.5% chitosan was the lowest of the total
color difference value.

Table 1 Effect of chitosan coating on the color changed of banana
after 15 days of storage at room temperature (30£2°C)

Chitosan Color changed of banana
coating Lighiness Redness Yellowness -

(%) (L7) (@) [Lig)] <

0.0 16.50°£0.13 9.38°0.02 21654011 28 84°+0.16
02 1450%002 | 689005 | 298038 | 26.42°:030
0.4 14.42°£0.10 773007 | 21.03%x027 | 26.65°£0.28
0.6 13.44°£0 31 6.68=0.09 | 20182046 | 25152038
08 1433°%001 | 529%004 | 2005116 | 2521°%094
10 13.54°0.01 6.81£0.10 17.48°+026 | 23.13%022
L5 11.49%:035 4204048 1349°:0.19 | 18327040

Mean within the same column with different letters are significantly
different at the 95% confidence level.
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Thetotal color difference (AE*)
— — (%) (] (V) (¥
o th © h O

L g
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0 T T T
0.0 0.5 1.0 1.5 2.0

Concentration of chitosan coated (%)

Fig.2 Effect of chitosan coating on the total color difference value of
“Hom Thong™ Banana during storage at room temperature (30=2°C)

3.3 Concentrations of Total Soluble Solids

The effect of chitosan coating on the total soluble
solids content of banana is shown in Fig.3. The total
soluble solids confent were investigated in the both
uncoated and coated banana pulp with chitosan during
storage. Sucrose was the major presented sugar: the
main increasing occurred in early ripening process and
increasing to the maximum confent in fully ripened
fruits. The total soluble solids content of banana
increased during shelf life in all treatments and the
bananas that were coated with chitosan had lower
contents of total soluble solids than the controlled
samples. From the results, it was indicated that chitosan
coated banana significantly delayed the increasing rate
of the total soluble solids content. The 1.5% chitosan
coated could be one which was the most effective
treatments.

=
=
aa]
e
8 —+—0% (control)
3 ——02%
2 ——04%
=
= e .6%
[=] 5 4
@ ——038%
£ ——-10%
= ——15%

a T T T

0 5 10 15 20

Storage time (days)

Fig.3 Effect of chitosan coating on total soluble solids of “Hom
Thong" Banana during storage at room temperature (30=2°C)

3.4 Effect of Chitosan Coating on Firnnmess

The effect of chitosan coating on the firmness of
banana is shown in Fig4. The firmness decreased
sharply on the initial day of storage in all treatments.
Bananas that were coated with chitosan had higher
firmness value than controlled condition through the
end of storage. The decreased in firmmess which
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observed in coated fimits were not statistically
significant among various chitosan concentrations. After
15 days of storage. the banana treated with 1.0 and 1.5%
chitosan had the highest firmness value.

12
—#%— (0% (control)

10 —-a- 02%
= ——0.4%
=8 —— 0.6%
o
& -k (1.8%
2. o
P ——1.0%
7
o
g4
=
A=
=2

O T T T

Storage time (days)

Fig.4 Effect of chitosan coating on firmness of “Hom Thong" Banana
during storage at room temperature (3022°C)

4. Conclusions

The application of chitosan coating could be
beneficial in extending postharvest life. maintaining
quality. and controlling decay of “Hom Thong" banana.
In summary. the 1.5% chitosan coating was more
effective than another treatment. Ripening of coated
bananas was delayed when compared with controlled
samples. Chitosan coating could reduce weight loss,
delay changing color and firmness during storage. and
mcreasing the total soluble solids. This studying can be
considered for commercial application during storage
and marketing.
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ABSTRACT

Chitosan is a biodegradable natural polymer with great potential for agricultural applications due
to its biocompatibility, high charge density, non-toxicity and mucoadhesion. The use of chitosan is
directly related to the polymer’s molecular weight and degree of deacetylation. which depends on the
conditions of chitin deacetvlation step. The main objective of this research was to study the optimum
deacetylation condition of the chitosan production from shrimp waste after chitin extraction by
chemical method. Parameters of deacetylation conditions that interesting consisted of deacetylation
time, temperature, concentration and ratio of chitin: NaOH. Optimum operating condition for chitosan
production with a high degree of deacetylation can be obtained by using 30% NaOH at 110°C for 2
hour. ratio 1:10 (w/v) of chitin: NaOH. The degree of deacetylation was 85.87% and a molecular
weight (M,) of chitosan of about 8.07x10°. This process gave 19.45% yield in dry basis of shrimp
waste. The potential titration method for the determination of the degree of deacetylation of chitosan.

1. INTRODUCTION

Thailand is leading in sea food industry and exporting. Many wastes from shrimp has been
produced from seafood production line. The weight of the head and the shell of the shrimp is 45%
while the real meat i1s only 55%. Value added of the shrimp wastes can be performed by chitosan
production. Chitosan, p-(1—4) D-glucosamine, is a partially deacetylated form of chitin, p-(1 =>4 )
N-acetyl-D-glucosamine. Chitin can be converted into chitosan by enzymatic means or alkali
deacetylation this being the most used method. During the course of deacetylation. part of polymer N-
acetyl links 1s broken with the formation of D-glucosammine units, which contain a free amine group,
increasing the polymer’s solubility in aqueous [1]. Chemical structure of chitin and chitosan is similar
to cellulose by the chain of saccharide as shown in Fig.1[2]. But they are composed of hydroxyl,
acetamido. and amino group on the different position C-2.

n|| on

R A e A

DH OH
uli

(a) Cellulose

9
‘{k,- . \.nm | D, -_H‘/,, 1i10
”}UL‘T\\L ”” /\”“H\ Hﬂw /Z\/ HO P

\HL(H ,Z\ KHOCH,
OH OH

(b) Chitin (¢) Chitosan

Fig.1 Structure of cellulose (a) chitin (b) and chitosan (c) [2]
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Chitosan can be produced from the shell marine invertebrates such as shrimp, crab, squid, insects
and snails. It is not soluble in all organic solvents and water at neutral or alkaline. But can be dissolved
in weak acid. The criterion accepted among researchers must be presented degree of deacetylation
percentage (% DD) at value higher than 70%. Chitosan has many applications in agriculture,
pharmaceutical, medicine, environment, and food industry [1]. Although the production of chitosan is
not complicated but the appropriate conditions is essential to study for reducing production costs.
Parameter that reduces the cost of chitosan production such as operating time and temperature in
reaction, ratio of chitin: NaOH or concentration of alkali that used in the production. Degree of
deacetylation increased with increasing temperature. Ratio or concentration of alkali that used in the
production 1s one of the factors that affect the cost of production as well. The concentration and ratio
of chitin: NaOH should be enough to allow the reaction to chitin thoroughly. However, the
concentration and ratio of chitin: NaOH that excess does not affect the optimization of the production
of chitosan, but increases the cost of production.

The aim of this research was to study the optimum condition of deacetylation step for chitosan
production from shrimp waste by alkali chemical method. Parameters of deacetylation conditions
consisted of deacetylation time, temperature, concentration, and ratio of chitin: NaOH. The
effectiveness of chitosan production was examined by degree of deacetylation percentage (% DD),
yield, and molecular weight of chitosan production.

2. MATERIALS AND MATHODS
2.1 Materials

Shrimp wastes (Pacific white shrimp) were obtained from a commercial market. Shrimp wastes
were dried at 70°C for about 10 hour. After that mashed dried shrimp wastes until 20-40 mesh size.
Chemicals used in the production of chitosan consist 1 N HCI (w/v) 4%, 30-50% NaOH (w/v) 2%
CH;COOH and distilled water. The Fig.2 shows 2,000 ml batch reactor for chitosan production by
chemical method. The reactor consisting of motor, agitator, thermometer, oil bath and heater was
installed using materials that are durable for corrosion from alkali chemicals.

Mater Thermometer

eactor
N

Raw matetial

Heater

Fig. 2 The batch reactor for chitosan production

2.2 Chitin preparation step

Chitin was prepared from shrimp waste by the chemical method. The grinded shrimp was
deproteinized using 4% NaOH for 24 hour, ratio 1:10 (w/v) and demineralized using 1 N HCI for 1
hour, ratio 1:10 (w/v). The both process performed at ambient temperature after that washed with
distilled water until neutrality (pH=7) and stured throughout the process.
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2.3 Chitosan production by deacetylation

Chitosan was prepared by different conditions of deacetylation reaction with 30-50% NaOH at
ambient temperature (30+£2°C) to 110°C for 48 or 72 hour. The ratio of chitin to NaOH was 1:10 or
1:15 (w/v) and stirred throughout the process. The chitosan was washed with distilled water until
neutrality (pH=7). The final product was dried at 70=1°C for 12 hour. The sample was taken and kept
in sealed in plastic bag at ambient temperature. The deacetylation conditions for extraction chitosan
are shown in Table 1.

Table 1 The conditions of deacetylation for extraction chitosan.

NaOH conc. (%) | Temperature (°C) | Time of Deacetylation (hr) | Ratio NaOH: Chitin
30 110 2 1:10
30/ 40/ 50 75 1 1:10
30/ 40/ 50 60 4 1:10
30/ 40/ 50 30£2 48, 72 1:10
30/ 40/ 50 3042 48,72 1=135

2.4 Testing of chitosan

To preliminary testing of the chitosan, 0.1 g chitosan sample were dissolved in 10 ml of 2%
CH;COOH 10 ml. After that 5 ml of dishwashing liquid was added to the solution. In case of chitosan.
the similar egg white solution will appear. The Yield of Chitosan was calculated as equation (1)

W,
Soveild = f' x100 1)
A )
where W, is initial weight of shrimp wastes (g) and W is final weight of chitosan (g).

%DD of chitosan can be determined by potentiometric measurement. The two abrupt change
potential titration method was employed [3]. Chitosan samples 0.2 g were dissolved under stirring in
20 ml of 0.1 M HCl. Measurements were made in a 100 ml and titration with a solution of 0.1 M
NaOH by using a pH meter. (DELTA 320, METTLER TOLEDQO). Plot graph between pH and volume
of 0.1 M NaOH. Potential concentrations were given as pH - log [H']. The DD of chitosan was
calculated by equation (2).

_ AV Cyop X107 x16 )
M x 0.0994

DD

where AV is the volume of NaOH between two inflexion points, Cygop is the concentration of the
NaOH solution, M is the weight of chitosan sample, 16 and 0.0994 1s the related molecular weight and
theoretical amount of amino groups.

2.5 Molecular weight determination

Molecular weight of chitosan was determined by a literature viscometric method [4]. Chitosan
samples were prepared in 0.2 M acetic acid/ 0.1 M sodium acetate. The relative viscosity, 1. of
chitosan samples was measured using a Ubbelohde capillary viscometer at ambient temperature
(3042°C). Specific viscosity was determined eq. (3).
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Intrinsic viscosity, [n], is defined as reduced viscosity, 1,4 extrapolated to a chitosan concentration, C,
of zero:

[7]= [%] = (it Lsa (4)

where C 1s in g/ml. Viscosity average molecular weight (M) was calculated based on the Mark-
Houwink equation

)= 517 ©

with K=1.64x 10*°x DD'*a=-1.02x 10”x DD + 1.82
where DD is the degree of deactylation of chitosan expressed as the percentage [3].

3. RESULTS AND DISCUSSION
3.1 The effect of parameters on chitosan production

Table 2 Result of clhitosan production

Parameters Preliminary Response
No. | NaOH conc. Temp. Time Ratio Testing %DD % Yield
(%) 0 (hr)

1 [A] 30 110°C 2 v 85.87 1945
2 30 X - 1826
3 40 75°C 1 y 64.40 18.86
4[B] 50 + 80.50 1845
5 30 X - 18.14
6 40 60°C 4 v 24.15 18.26
7 50 1:10 v 64.40 17.18
8 30 X = 18.81
9[C] 40 30£2°C 48 \" 72.45 19.80
10 50 v 56.35 18.21
11 30 X 3 19.11
12 40 30=2°C 72 v 40.25 18 45
13 50 v 32.20 18.10
14 30 X - 19 45
15 40 30+2°C 48 V 69.77 17.33
16 50 i V 40.25 17.67
17 30 o v 56.35 18.86
18 [D] 40 30=2°C 72 A 72.45 18.91
19 50 v 24.15 16.56

=l

[ 7he product is chitosan because the DD values higher than 70%, [A], [B ],/C] and [D] meaning

the sample of chitosan.

The result of chitosan production is demonstrated in table 2. For the preliminary testing showed
that concentration and temperature had directly impact on the production of chitosan. The chitosan



product had a high DD. If
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using the low concentration or temperature, it will be affects the solubility

of chitosan in weak acid solution. The chitosan product may or not soluble [5]. From all experiment

found that there are 4 the

condition that can be chitosan is produced with a DD values higher than

70%. Chitosan with a high DD can be obtained by using 30% NaOH at 110°C for 2 hour, ratio 1:10
(w/v) of chitin: NaOH. The optimum condition can get the highest degree of deacetylation at 85.87%.

The vield that obtained has

similar values for all experiment.

3.2 Characterization of chitosan samples

The DD values of
potentiometric titrations of

12

10

pH
(=

four samples can be measured from two inflexion points curve of
chitosan as presented in Fig.3.

Sample [A]
1 —=—Sample [B]
—-*— Sample [C]
—+— Sample [D]

10 15 20 25 30
Vxaom (mD

Fig.3 Potentiometric titration of chitosan sample

(=]
o -

The average molecular weight is the most difficult parameter to be measured but can be
determined by several methods, viscometry is claimed to be the simplest, most rapid, and probably the
most precise determination method. Fig.4 presents the reduced viscosity versus concentration plot for
the sample. M, was calculated based on the Mark-Houwink equation by using the intrinsic viscocity
from the y-intercept [4]. The [n] and the M, for the samples are demonstrated in Table 3.

7000
6000
T
T 5000
:A
7 4000
= 3000
g
2 2000
&
1000
0

—&— Sample[A]
—e— Sample[B]
—+— Sample[C]

—»*— Sample[D]

0.00 0.05 0.10 0.15 0.20 0.25

C(g/ml)x 100

Fig.4 Plot of reduced viscosity versus concentration for the four chitosan sample.
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Table 3 Degree of deacetylation (DD). intrinsic viscosity ([n]) and molecular weight (M,) for chitosan
samples.

5

Chitosan %DD [n] (ml/g) M, x10r
Sample[A] 85.87 734 8.07
Sample[B] 80.50 658 8.49
Sample[C] 72.45 490 8.97
Sample[D] 72.45 473 8.68

Table 3 shows that data values of DD, [1] and M, for the four chitosan samples. Sample[A] and
[B] have almost the same DD and M,. Sample[C] and [D] have the same DD and have almost the

same M,. Sample[A] has the lowest M, and the highest DD, as a result of the high-temperature of

deacetylation reaction [5].
4. CONCLUSION

The results of chitosan production by alkaline chemical method showed that the extent of DD is
governed mainly by the NaOH concentration and temperature of reaction, followed by time. and ratio,
respectively. Optimum condition of deacetylation reaction was obtained by using 30% NaOH at 110°C
for 2 hour, ratio 1:10 (w/v) of chitin: NaOH. The degree of deacetylation was 85.87% and a molecular
weight of chitosan of about 8.07x10°. This process gave 19.45% yield in dry basis of shrimp waste.

5. ACKNOWLEDGEMENTS

The author gratefully acknowledges the financial support from the Graduate School of Prince of
Songkla University and the PSU funding, budget year 2011. The authors also thank Department of
Chemical Engineering, Faculty of Engineering, Prince of Songkla University.

REFERENCES

1. R.F. Weska, .M. Moura, L.M. Batista, J.Rizzi, L.A.A. Pinto, Optimization of deacetylation in
the production of chitosan from shrimp wastes: Use of response surface methodology, J. Food
of Engineering Vol. 80 (2007) pp.749-753.

2. CXK.S. Pillai, W. Paul, C.P. Sharma, Chitin and chitosan polymers : Chemistry, solubility and
fiber formation, Progress in Polymer Science Vol. 34 (2009) pp. 641-678.

3. Q.Z. Wang, X.G. Chen, N. Liu, S.X. Wang, C.S. Liu, X.H. Meng, C.G. Liu, Protonation
constants of chitosan with different molecular weight and degree of deacetylation,
Carbohydrate Polymers Vol. 65 (2006) pp. 194-201.

4. H. Zhang, S.H. Neau. In vitro degradation of chitosan by a commercial enzyme preparation:

effect of molecular weight and degree of deacetylation, Biomaterials Vol. 22 (2001) pp. 1653-

1658.

W. Unson, O. Wongkhamchan, A studv of the effect of chitosan on protecting tomato fruit

becoming rotten, thesis, Rajabhat Mahasarakham University (2004).

h



MANUIN A

NANHANN NN N INNTINUE

161



162

TIChE International Conference 2011
November 10— 11, 2011 at Hatyai, Songkhla THAILAND

Paper code: tb011

Effects of Chitosan Coating on Postharvest Quality
and Shelf Life of Banana Fruit

; 1 . i 2%
Manuskwan Jitprakong ', Juntima Changsiriporn

! Department of Chemical Engineering, Faculty of Engineering.
Prince of Songkla University., Songkhla, 90112, Thailand
*e-mail: juntima.c(@hotmail.com

Abstract — This study was conducted to determine the effect of chitosan on postharvest quality and shelf
life of “Hom Thong” Banana (Musa A44 Group,Gros Michel) fruit. The banana samples were dipped for
1 min and 2 times into chitosan solution of 0% (control). 0.2%. 0.4%. 0.6%. 0.8%. 1.0% and 1.5% (W/v).
The coated samples were stored at room temperature (30+2°C) until decadent. The properties of weight
loss. color. total soluble solids. and firmness for all samples were measured every 3 day. A chitosan
coating could reduce weight loss and prolong color from greenish to yellowish of the banana. The
increasing in total soluble solids and delay changing firmness during samples storage was found as the
chitosan coating. Increasing the concentration of chitosan coating pronounced the beneficial effects on the
postharvest quality. Coating “Hom Thong™ Banana with 1.5% chitosan solution was found the most
effectiveness for treatments that could prolong the shelf life until 18 days from 10 days.

Keyword: Chitosan coating, Postharvest quality; Banana
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1. Introduction

“Hom Thong™ Banana is an importance fruit for
commercial in world trade. Bananas are usually
harvested by cutting the plant carefully to prevent
damage to the fruits. It is harvested at full maturity for
domestic consumption. but for export it must be shipped
uripe so the harvesting stage should be before fully
mature. An important problem that effects to the fiuit
exporting is postharvest management according to a
short shelf life. Green bananas are shipped at
temperature range from 13-14°C. One method of
extending postharvest shelf-life is the use of edible
coating. Many techniques of fruit coating for storage
after harvest have been developed to extend the shelf
life and prolong freshness of fruits such as polyethylene
wax emulsion, TAL Prolong. beewax. carnuba,
candelilla, chitosan. and paraffin. Application of the
chitosan-edible coatings is promising to improve the
quality and extend shelf life in manufacturing process.
A composite film derived from chitosan has good wet
strength. gas barrier. and biodegradable. Chitosan is a
safe material that has been reported to form an ideal
film—coating on fruits surface to delay the ripening of
fiuits. Tt has been successfully used as food wraps [1]
and thus maintains the quality and reduced weight loss
of fruits and vegetable such as litchi. Chinese water
chestnut and longan fruit [2][3].

Consequently. objective of this work was to study the
effects of chitosan coating on postharvest shelf life and
quality consist weight loss. color. total soluble solids
and firmness of “Hom Thong™ Banana.

2. Materials and method
2.1 Materials

“Hom Thong" Banana (Musa AAA Group,Gros
Michel) fruit samples were obtained from a conunercial
market. Fresh fruits were selected for uniform size.
shape. and color.

2.2 Experimental method

Prepared different concentrations of chitosan
solutions (0.1. 0.2, 0.3. 0.4, 0.5 and 1%) by dissolved
with 0.5% acetic acid. After washing. the fiuit were
dipped for 1 min into chitosan (80-85% deacetylated)
solution of 0% (control). 0.2%. 0.4%. 0.6%. 0.8%. 1.0%
and 1.5% (w/v). Two times dipped coating was
performed after the fiuit dried to make sure for
completely coated. The coated samples were stored at
room temperature (30=2°C) until decadent.

2.3 Determining of Weight Loss

Weight loss was measured and calculated
progressively on the basis of a comparison for fruit
weight as coating with chitosan during the storage

period. The percentage of weight loss was calculated as
equation (1).

Initial weight — Final weight "
Initial weight

Weight loss = 100 {1

2.4 Color Measurement

The color value of banana was measured by a Hunter
Lab. Color Flex model. The color was expressed as L*-
ralue  for lightness. a*-value for redness (+) or
greenness (-). and b*-value for yellowness (+) or
blueness (-).Additionally. the total color difference (AE)
was defined as equation (2).

AE=[L,—L,f +(as—a,f +6o 5, V) @

Where Ly and L are the initial and final lightness
value. respectively. The a; and a; are the initial and final
redness value. respectively. The by and by are the initial
and final vellowness value, respectively. A standard
white plate (L” = 92.82. a" =124. b" = 0.50) and a
black plate were used to standardize the instruments.

2.5 Measurement of Total Soluble Solids (TSS)

Tissue (20 g) from “Hom Thong” Banana was
homogenized in a grinder and then centrifuged for 20
min. The supernatant phase was collected and analyzes
to determine the amount of total soluble solids. °Brix.
using a hand refractometer (ATAGO. N-o model) [4].

2.6 Firmness Analysis

The firmness value was measured during storage until
decadent by using texture analyzer (TA.XT plus. stable
micro systems model). The samples were taken from
different parts of fruit with the pressure tester equipped
with a 5 mm diameter flat plunger. which penetrate to a
depth of 10 mm at a test speed of 50 mm/min [5]. The
average value of firmness for each fiuit was calculated
from these values.

2.7 Statistical Analysis

The data from the repeated experiments were
analyzed to determine whether the variances were
statistically homogeneous. Statistical comparisons were
made by one-way analysis of variance (ANOVA)
followed by Duncan’s multiple range test. Least
significant differences (LSDs) were calculated to
compare significant effects at P <0.05 level.

3. Results and Discussion

3.1 Effect of Chitosan Coating on Weight Loss

The effect of chitosan coating on the weight loss is
shown in Fig.1. The weight loss of bananas coating with
the chitosan solution was lower than the controlled

bo11-2



condition (0% chitosan). Among various chitosan
concentrations. increasing chitosan concentration has
result in weight retention of stored bananas. After 18
days of storage. the weight loss of the control samples
and 1.5% chitosan-coated were 28.23% (highest) and
19.18% (lowest), respectively.

30
— —+— (% (control) .
25 | —=—o02%
= ——04%
£ "
= 20 —=—06? o
2 " ——08%
2 P71 —e-10%
% —*—1.5%
- 10 4
=
5 -
0 T T T
0 3 10 15 20

Storage time (days)

Fig.1 Effect of chitosan coating on weight loss of “Hom Thong™
Banana during storage at room temperature (30=2°C)

3.2 Effect of Chitosan Coating on Color

The feature of banana ripening that is most obvious to
a casual observer is the color change from green to
yellows. Finally. quality analysis of chitosan coating
showed that change of lightness value (L*). redness
value (a*), yellowness value (b*) and the total color
difference (AE*) decreased with increase concentration
of chitosan coating. (Table 1) The effect of chitosan
coating on the total color difference value of banana is
shown in Fig.2. Affer 15 days of storage the banana
treated with 1.5% chitosan was the lowest of the total
color difference value.

Table 1 Effect of chitosan coating on the color changed of banana
after 15 days of storage at room temperature (30£2°C)

Chitosan Color changed of banana
coating Lighiness Redness Yellowness -

(%) (L7) (@) [Lig)] <

0.0 16.50°£0.13 9.38°0.02 21654011 28 84°+0.16
02 1450%002 | 689005 | 298038 | 26.42°:030
0.4 14.42°£0.10 773007 | 21.03%x027 | 26.65°£0.28
0.6 13.44°£0 31 6.68=0.09 | 20182046 | 25152038
08 1433°%001 | 529%004 | 2005116 | 2521°%094
10 13.54°0.01 6.81£0.10 17.48°+026 | 23.13%022
L5 11.49%:035 4204048 1349°:0.19 | 18327040

Mean within the same column with different letters are significantly
different at the 95% confidence level.
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Fig.2 Effect of chitosan coating on the total color difference value of
“Hom Thong™ Banana during storage at room temperature (30=2°C)

3.3 Concentrations of Total Soluble Solids

The effect of chitosan coating on the total soluble
solids content of banana is shown in Fig.3. The total
soluble solids confent were investigated in the both
uncoated and coated banana pulp with chitosan during
storage. Sucrose was the major presented sugar: the
main increasing occurred in early ripening process and
increasing to the maximum confent in fully ripened
fruits. The total soluble solids content of banana
increased during shelf life in all treatments and the
bananas that were coated with chitosan had lower
contents of total soluble solids than the controlled
samples. From the results, it was indicated that chitosan
coated banana significantly delayed the increasing rate
of the total soluble solids content. The 1.5% chitosan
coated could be one which was the most effective
treatments.

=
=
aa]
e
8 —+—0% (control)
3 ——02%
2 ——04%
=
= e .6%
[=] 5 4
@ ——038%
£ ——-10%
= ——15%

a T T T

0 5 10 15 20

Storage time (days)

Fig.3 Effect of chitosan coating on total soluble solids of “Hom
Thong" Banana during storage at room temperature (30=2°C)

3.4 Effect of Chitosan Coating on Firnnmess

The effect of chitosan coating on the firmness of
banana is shown in Fig4. The firmness decreased
sharply on the initial day of storage in all treatments.
Bananas that were coated with chitosan had higher
firmness value than controlled condition through the
end of storage. The decreased in firmmess which

b011-3



observed in coated fimits were not statistically
significant among various chitosan concentrations. After
15 days of storage. the banana treated with 1.0 and 1.5%
chitosan had the highest firmness value.

12
—#%— (0% (control)

10 —-a- 02%
= ——0.4%
=8 —— 0.6%
o
& -k (1.8%
2. o
P ——1.0%
7
o
g4
=
A=
=2

O T T T

Storage time (days)

Fig.4 Effect of chitosan coating on firmness of “Hom Thong" Banana
during storage at room temperature (3022°C)

4. Conclusions

The application of chitosan coating could be
beneficial in extending postharvest life. maintaining
quality. and controlling decay of “Hom Thong" banana.
In summary. the 1.5% chitosan coating was more
effective than another treatment. Ripening of coated
bananas was delayed when compared with controlled
samples. Chitosan coating could reduce weight loss,
delay changing color and firmness during storage. and
mcreasing the total soluble solids. This studying can be
considered for commercial application during storage
and marketing.
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ABSTRACT

Chitosan is a biodegradable natural polymer with great potential for agricultural applications due
to its biocompatibility, high charge density, non-toxicity and mucoadhesion. The use of chitosan is
directly related to the polymer’s molecular weight and degree of deacetylation. which depends on the
conditions of chitin deacetvlation step. The main objective of this research was to study the optimum
deacetylation condition of the chitosan production from shrimp waste after chitin extraction by
chemical method. Parameters of deacetylation conditions that interesting consisted of deacetylation
time, temperature, concentration and ratio of chitin: NaOH. Optimum operating condition for chitosan
production with a high degree of deacetylation can be obtained by using 30% NaOH at 110°C for 2
hour. ratio 1:10 (w/v) of chitin: NaOH. The degree of deacetylation was 85.87% and a molecular
weight (M,) of chitosan of about 8.07x10°. This process gave 19.45% yield in dry basis of shrimp
waste. The potential titration method for the determination of the degree of deacetylation of chitosan.

1. INTRODUCTION

Thailand is leading in sea food industry and exporting. Many wastes from shrimp has been
produced from seafood production line. The weight of the head and the shell of the shrimp is 45%
while the real meat i1s only 55%. Value added of the shrimp wastes can be performed by chitosan
production. Chitosan, p-(1—4) D-glucosamine, is a partially deacetylated form of chitin, p-(1 =>4 )
N-acetyl-D-glucosamine. Chitin can be converted into chitosan by enzymatic means or alkali
deacetylation this being the most used method. During the course of deacetylation. part of polymer N-
acetyl links 1s broken with the formation of D-glucosammine units, which contain a free amine group,
increasing the polymer’s solubility in aqueous [1]. Chemical structure of chitin and chitosan is similar
to cellulose by the chain of saccharide as shown in Fig.1[2]. But they are composed of hydroxyl,
acetamido. and amino group on the different position C-2.

n|| on
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(a) Cellulose
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(b) Chitin (¢) Chitosan

Fig.1 Structure of cellulose (a) chitin (b) and chitosan (c) [2]
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Chitosan can be produced from the shell marine invertebrates such as shrimp, crab, squid, insects
and snails. It is not soluble in all organic solvents and water at neutral or alkaline. But can be dissolved
in weak acid. The criterion accepted among researchers must be presented degree of deacetylation
percentage (% DD) at value higher than 70%. Chitosan has many applications in agriculture,
pharmaceutical, medicine, environment, and food industry [1]. Although the production of chitosan is
not complicated but the appropriate conditions is essential to study for reducing production costs.
Parameter that reduces the cost of chitosan production such as operating time and temperature in
reaction, ratio of chitin: NaOH or concentration of alkali that used in the production. Degree of
deacetylation increased with increasing temperature. Ratio or concentration of alkali that used in the
production 1s one of the factors that affect the cost of production as well. The concentration and ratio
of chitin: NaOH should be enough to allow the reaction to chitin thoroughly. However, the
concentration and ratio of chitin: NaOH that excess does not affect the optimization of the production
of chitosan, but increases the cost of production.

The aim of this research was to study the optimum condition of deacetylation step for chitosan
production from shrimp waste by alkali chemical method. Parameters of deacetylation conditions
consisted of deacetylation time, temperature, concentration, and ratio of chitin: NaOH. The
effectiveness of chitosan production was examined by degree of deacetylation percentage (% DD),
yield, and molecular weight of chitosan production.

2. MATERIALS AND MATHODS
2.1 Materials

Shrimp wastes (Pacific white shrimp) were obtained from a commercial market. Shrimp wastes
were dried at 70°C for about 10 hour. After that mashed dried shrimp wastes until 20-40 mesh size.
Chemicals used in the production of chitosan consist 1 N HCI (w/v) 4%, 30-50% NaOH (w/v) 2%
CH;COOH and distilled water. The Fig.2 shows 2,000 ml batch reactor for chitosan production by
chemical method. The reactor consisting of motor, agitator, thermometer, oil bath and heater was
installed using materials that are durable for corrosion from alkali chemicals.

Mater Thermometer

eactor
N

Raw matetial

Heater

Fig. 2 The batch reactor for chitosan production

2.2 Chitin preparation step

Chitin was prepared from shrimp waste by the chemical method. The grinded shrimp was
deproteinized using 4% NaOH for 24 hour, ratio 1:10 (w/v) and demineralized using 1 N HCI for 1
hour, ratio 1:10 (w/v). The both process performed at ambient temperature after that washed with
distilled water until neutrality (pH=7) and stured throughout the process.
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2.3 Chitosan production by deacetylation

Chitosan was prepared by different conditions of deacetylation reaction with 30-50% NaOH at
ambient temperature (30+£2°C) to 110°C for 48 or 72 hour. The ratio of chitin to NaOH was 1:10 or
1:15 (w/v) and stirred throughout the process. The chitosan was washed with distilled water until
neutrality (pH=7). The final product was dried at 70=1°C for 12 hour. The sample was taken and kept
in sealed in plastic bag at ambient temperature. The deacetylation conditions for extraction chitosan
are shown in Table 1.

Table 1 The conditions of deacetylation for extraction chitosan.

NaOH conc. (%) | Temperature (°C) | Time of Deacetylation (hr) | Ratio NaOH: Chitin
30 110 2 1:10
30/ 40/ 50 75 1 1:10
30/ 40/ 50 60 4 1:10
30/ 40/ 50 30£2 48, 72 1:10
30/ 40/ 50 3042 48,72 1=135

2.4 Testing of chitosan

To preliminary testing of the chitosan, 0.1 g chitosan sample were dissolved in 10 ml of 2%
CH;COOH 10 ml. After that 5 ml of dishwashing liquid was added to the solution. In case of chitosan.
the similar egg white solution will appear. The Yield of Chitosan was calculated as equation (1)

W,
Soveild = f' x100 1)
A )
where W, is initial weight of shrimp wastes (g) and W is final weight of chitosan (g).

%DD of chitosan can be determined by potentiometric measurement. The two abrupt change
potential titration method was employed [3]. Chitosan samples 0.2 g were dissolved under stirring in
20 ml of 0.1 M HCl. Measurements were made in a 100 ml and titration with a solution of 0.1 M
NaOH by using a pH meter. (DELTA 320, METTLER TOLEDQO). Plot graph between pH and volume
of 0.1 M NaOH. Potential concentrations were given as pH - log [H']. The DD of chitosan was
calculated by equation (2).

_ AV Cyop X107 x16 )
M x 0.0994

DD

where AV is the volume of NaOH between two inflexion points, Cygop is the concentration of the
NaOH solution, M is the weight of chitosan sample, 16 and 0.0994 1s the related molecular weight and
theoretical amount of amino groups.

2.5 Molecular weight determination

Molecular weight of chitosan was determined by a literature viscometric method [4]. Chitosan
samples were prepared in 0.2 M acetic acid/ 0.1 M sodium acetate. The relative viscosity, 1. of
chitosan samples was measured using a Ubbelohde capillary viscometer at ambient temperature
(3042°C). Specific viscosity was determined eq. (3).
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Intrinsic viscosity, [n], is defined as reduced viscosity, 1,4 extrapolated to a chitosan concentration, C,
of zero:

[7]= [%] = (it Lsa (4)

where C 1s in g/ml. Viscosity average molecular weight (M) was calculated based on the Mark-
Houwink equation

)= 517 ©

with K=1.64x 10*°x DD'*a=-1.02x 10”x DD + 1.82
where DD is the degree of deactylation of chitosan expressed as the percentage [3].

3. RESULTS AND DISCUSSION
3.1 The effect of parameters on chitosan production

Table 2 Result of clhitosan production

Parameters Preliminary Response
No. | NaOH conc. Temp. Time Ratio Testing %DD % Yield
(%) 0 (hr)

1 [A] 30 110°C 2 v 85.87 1945
2 30 X - 1826
3 40 75°C 1 y 64.40 18.86
4[B] 50 + 80.50 1845
5 30 X - 18.14
6 40 60°C 4 v 24.15 18.26
7 50 1:10 v 64.40 17.18
8 30 X = 18.81
9[C] 40 30£2°C 48 \" 72.45 19.80
10 50 v 56.35 18.21
11 30 X 3 19.11
12 40 30=2°C 72 v 40.25 18 45
13 50 v 32.20 18.10
14 30 X - 19 45
15 40 30+2°C 48 V 69.77 17.33
16 50 i V 40.25 17.67
17 30 o v 56.35 18.86
18 [D] 40 30=2°C 72 A 72.45 18.91
19 50 v 24.15 16.56

=l

[ 7he product is chitosan because the DD values higher than 70%, [A], [B ],/C] and [D] meaning

the sample of chitosan.

The result of chitosan production is demonstrated in table 2. For the preliminary testing showed
that concentration and temperature had directly impact on the production of chitosan. The chitosan
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using the low concentration or temperature, it will be affects the solubility

of chitosan in weak acid solution. The chitosan product may or not soluble [5]. From all experiment

found that there are 4 the

condition that can be chitosan is produced with a DD values higher than

70%. Chitosan with a high DD can be obtained by using 30% NaOH at 110°C for 2 hour, ratio 1:10
(w/v) of chitin: NaOH. The optimum condition can get the highest degree of deacetylation at 85.87%.

The vield that obtained has

similar values for all experiment.

3.2 Characterization of chitosan samples

The DD values of
potentiometric titrations of

12

10

pH
(=

four samples can be measured from two inflexion points curve of
chitosan as presented in Fig.3.

Sample [A]
1 —=—Sample [B]
—-*— Sample [C]
—+— Sample [D]

10 15 20 25 30
Vxaom (mD

Fig.3 Potentiometric titration of chitosan sample

(=]
o -

The average molecular weight is the most difficult parameter to be measured but can be
determined by several methods, viscometry is claimed to be the simplest, most rapid, and probably the
most precise determination method. Fig.4 presents the reduced viscosity versus concentration plot for
the sample. M, was calculated based on the Mark-Houwink equation by using the intrinsic viscocity
from the y-intercept [4]. The [n] and the M, for the samples are demonstrated in Table 3.

7000
6000
T
T 5000
:A
7 4000
= 3000
g
2 2000
&
1000
0

—&— Sample[A]
—e— Sample[B]
—+— Sample[C]

—»*— Sample[D]

0.00 0.05 0.10 0.15 0.20 0.25

C(g/ml)x 100

Fig.4 Plot of reduced viscosity versus concentration for the four chitosan sample.
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Table 3 Degree of deacetylation (DD). intrinsic viscosity ([n]) and molecular weight (M,) for chitosan
samples.

5

Chitosan %DD [n] (ml/g) M, x10r
Sample[A] 85.87 734 8.07
Sample[B] 80.50 658 8.49
Sample[C] 72.45 490 8.97
Sample[D] 72.45 473 8.68

Table 3 shows that data values of DD, [1] and M, for the four chitosan samples. Sample[A] and
[B] have almost the same DD and M,. Sample[C] and [D] have the same DD and have almost the

same M,. Sample[A] has the lowest M, and the highest DD, as a result of the high-temperature of

deacetylation reaction [5].
4. CONCLUSION

The results of chitosan production by alkaline chemical method showed that the extent of DD is
governed mainly by the NaOH concentration and temperature of reaction, followed by time. and ratio,
respectively. Optimum condition of deacetylation reaction was obtained by using 30% NaOH at 110°C
for 2 hour, ratio 1:10 (w/v) of chitin: NaOH. The degree of deacetylation was 85.87% and a molecular
weight of chitosan of about 8.07x10°. This process gave 19.45% yield in dry basis of shrimp waste.
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