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AMARUIN N.

NSLATANFITATANLN L LU

v

1. a13azanelalngn 0.05 wWafidustinminlagiFuamng

1%
a A

W lalagua uin 0.5 nfu azareluui ddH,0 Usunnl 500 Aadans Aeliduau

a

A8 1ANINIUAEILATAINIUANT LRNNTARLTRN 80 tafidus adliifFunn 12 Aadams nal

v

duau naldnisnaudaeaTasnauans diuiliuamsdag ddH,0 auAsL 1000 AAAAMT WALLAL

a

TAgnuund 4 asActaLTes
2. A1982@¢ Dinitrosalicylic acid (DNS)

azanelnpanlansanlafauai 80 nfu arataluin ddH,0 USu1ns 500 FaaRT
nelFinnsnaudaeATaINIuEns A Dinitrosalicylic acid A W 1 niu asldatnadi Aeld
auanrararanatailuilamantu andwiulnasu-Inuwnadaunifinmnaiuau 60 nfuall

nauauazaeifuiaihaniu Ufuiliuinsdas ddH,0 auAsy 1000 Aadans udatiulunanden

1
a

oM Heg

3. ansazanenglag 5 wWesdudtuininaFung
1nglARauIn 5 niu avaneludy ddH,0 sunnl 50 Haaans Auliazaneiuy

Waneniu Uiuiinanssag ddH,0 auAsy 100 HaAAAT WAUAUNGIUNYH 4 aaAIAE s

4. a1razarsuaaniiniaisea 5 wWasidusinutinlaalsunmns
Paarmiadsaasiuau 5 nfu azaalulaniuaa U381 50 Jaaans Awld

avaneiflulilaipaniu Usudiuinsdag ddH,0 aumsu 100 Aadaans Laaiuluaandsd

a

QNN 4 avATALTEA

a
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NMARNUIN .

aa a % ' o ° a a
AEMsesENAIathaNainnsInailnasnaymaunlulalngiu
Tagldinafia TR-FTIR

o

1. mm,}mﬂmTuT,ﬂ‘L'msmu;Tqri@uu@mﬁqm?ﬁﬂLﬁuLmzﬂ@mﬂa’mLLﬁfamﬁqmmm@ﬂN@uﬁm

2. thinegheiinisuaudasuou 1 fadnin naufuarstnunadaslusludiuau 200
Haaniu Widnnu

3. thandndaeiiesausasugeladiu 10 Safu uaan 2 wil

4. Ysnatineun141uA7e99m TR-FTIR ian1n139ngilansy

v i ey o o v |
ot vt vy e e
N

. gl B

MNHUINT U-1 LATRINDIAINEHNAUNRIALIENBLTBIENT (LAFDA FTIR)
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AMANUIN A.

AEmsAaszimlFanunglasguazuaariinlaisas

1. nglag : Awzininininglaasanda DNS (Miller, 1959)
#15LA | A19aan8 Dinitrosalicylic acid (DNS)

28019

1. WFagNUTNN 1 Naaans ld lvaannaans

. ANanTazane DNS adldiBun 1 adang

s Aenfliuaan 10 und uderinlfifusaciug
Fst ddH,0 1511t 5 HaRART e ldniu
tinldapganAuuasipmaeapiu 540 untumms

¥ ¥ ]

. m@mnm%lmmgm‘[mﬂ%mmzmmQ‘Eﬂ@ﬁmmmmumﬂ (0-1.2 NFUFRRAT)

D o0 A wWN

snnn 1 HafaRs HNa9azae DNS 15n1as 1 Haaans weln fuluinesrinlfidudag
VP AN ddH,0 15unu 5 Hadans weinTidniu dnlildndrganaunansii 540

TRARSTEN T

2.0

y=0.6347x
R?=0.9972

1.8 ~

ATAANAY ULFANANLIIAAY 540 UTUIIAT

a

o

0.0 T T T T T
0 0.5 1 1.5 2 2.5 3
AMuLINdungleg (NSNAaARS)

maARuINy A-1 neNInsgueedngtradning 1495 DNS



95

2. uaanlansaa d”mm'ﬁmi@mnﬁuumﬁmmmmﬁlu 295 W1 luLWAS (Bilal et al., 2004)
28019
1. Wsaegetsunu 3 Aaaansldlunasanaaes e lidnnu
2. ﬁﬂﬂf‘fmmm@@mﬂauumﬁmmmqﬂ?ﬂlu 295 w1 luinms
3. ma‘mﬂm%lmmgmimﬂ%mmmmLL@@Wqu‘Eﬂ?\I@ﬂ@ﬁmmLim%’umﬂ (0-1nFUFBARNT)
Uinou 3 Haaansldlunaennnaes wenlvidnfi ﬂﬁiﬂf‘imm@mﬂﬁwmmﬁ

295 UNTULNAT

g
o

y=4.1715x
3.5 1 R?=0.9927

ANAANAY LAIRANNL1IARY 284 UnTuLIRg

a1

o

0.0 T T T T
0 0.2 0.4 0.6 0.8 1

anuntunaanr inladsaa (nSudadnsg)

NANWINT A-2 ﬂi’mlmmgmmmLL@@Wﬁ‘EwIﬂW@@@
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a a v ©
gmmsmﬂsmwﬁmwminn LNy .

Encapsulation efficiency (%EE) = (Total sagent — Free agent) = 100 (Yan et al., 2005)

Total agent

gnsnisulssananmwnisdandaas :

Feleasing efficiency (%RE) = (Free agent) = 100 (Ratul et al., 2010)

Total agent

Tnennmuali total agent Aa ANdRdunglnavisousaniniafsaaEusu (nFusodns)

A Y Y A = dl 1 o =3 [ A
free agent An A Ndndunglaavsauaan Tnlafsaai ligniniiu (nFusedns)
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2. mdnddmaasaynmalalaguiniiunglag

Zeta Potential Distribution
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3. AmAnddmansaynalalaguniniiuieaniniafisas

Zeta Potentaal Distribution
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4. adnddmaasaymalalaguniniiunglaguazuaaniinlafises
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5. AmdAnddsnuasaymalaladulanlaaanglas

Zeta Pobtential Distribution
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6. AAndaarataynalalaiulanlaasuaaniinlasas

Zeta Potential Distribution
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7. mAnddmrasaynalalamulanilaasnglrauazuaaniiniaisas

Total Counts

4000007 e

3000007 v

200000+ oo veeeees

Zeta Potential Distribution

| FH

200

Zeta Potential (milV)

o= ¥

AMARUINT -7 nansipAdndasnaasaynialalnmulanlaatnglaauiay

waanTniaises
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¥ EN

a

NIMNNITNAXBY

A19NNARUINT A-1 YszAnaninnisiniiunglag
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Talmenuidud nglaaLdndy prdindn | nglaaf | dsz@ndam | dsz@naaam
(wefidusinwin | (wWefidusiinmin ngleaiiudu | WldfnAy | mefnifu | dnifuede
G E) G (NFuFaanT) | (NFuFeans) | (Wefidus) | (Wefidus)
0.05 0.25 2.056 0.765 62.783 50.404
2.485 1.379 44.530
2.415 1.355 43.900
0.5 3.981 0.463 88.367 74.599
4.953 1.593 67.841
4.845 1.570 67.589
0.75 6.021 2.210 63.289 72.031
7.088 1.705 75.939
7.017 1.623 76.865
1 7.837 2.798 64.291 76.32
9.988 1.643 83.548
9.954 1.551 84.417
2 9.159 1.695 81.496 74.064
9.824 2.838 67.810
9.062 2.457 72.882




A1SNNIANUINT a-1 (sia) Use@nininnisiniiunglag
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lalngnudndu neleadady | aowdindn | nglaafl | dez@vdam | dez@naaam
(Lﬂ@ﬁ%uﬁﬁmﬁﬂ (Lﬂfaﬁs‘iﬁuﬁﬁwﬁﬂ ﬂ@ﬁmmﬁ'mﬁu Wlasndy | asdnAy LD
TaILFNRg) Thef3um9) (NFuFRaRT) | (NFuFeans) | (Wefidus) | (Wefidus)
0.05 3 9.945 2.622 73.639 66.642
9.721 4.021 58.639
9.839 3.183 67.650
5 11.464 1.717 85.019 72.832
11.206 3.918 65.040
11.342 3.230 68.438
10 12.069 2.982 75.292 69.238
11.797 4.781 59.472
11.940 3.230 72.948
0.1 0.25 1.776 0.528 73.233 48.589
2478 1.570 36.671
2.355 1.511 35.863
0.5 4.025 3.076 38.213 57.031
4.921 1.616 67.158
4.259 1.460 65.722
0.75 6.162 4.543 26.282 58.801
7.120 1.758 75.316
7.362 1.855 74.804
1 7.824 4.018 48.650 69.090
9.907 1.625 83.595
9.824 2.454 75.023
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lalngnudndu neleadady | aowdindn | nglaafl | dez@vdam | dez@naaam
(Lﬂ@ﬁ%uﬁﬁmﬁﬂ (Lﬂfaﬁs‘iﬁuﬁﬁwﬁﬂ ﬂ@ﬁmmﬁ'mﬁu Wlasndy | asdnAy LD
TaILFNRg) Thef3um9) (NFuFRaRT) | (NFuFeans) | (Wefidus) | (Wefidus)
0.5 0.25 2.078 1.133 45.459 22.747
2.362 2.131 9.745
1.852 2.139 13.036
0.5 3.905 2.375 39.190 51.540
4.652 2.398 48.463
4.008 1.324 66.968
0.75 5.966 4.204 29.534 54.938
7.014 2.262 67.744
5.499 2.139 67.536
1 8.055 3.702 54.046 66.083
9.945 2.821 71.630
7.798 2.139 72.573
1 0.25 1.971 0.924 53.133 25.993
2.450 2.253 8.064
2.454 4.918 16.782
0.5 4.025 0.624 23.560 28.202
4,928 3.533 28.312
4.954 3.314 33.103
0.75 7.507 3.96 43.400 44.761
7.255 3.788 47.789
7.429 3.788 43.094
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lalngnudndu neleadady | powdindu | nglaafl | des@vdaam | dez@naaam
(Lﬂ@ﬁ%uﬁﬁwﬁﬂ (Lﬂmﬁs‘iﬁuﬁﬁwﬁﬂ ﬂgiﬂmﬁm”u Wlasndy | asdnAy LD
TaILfFNRg) Thef3um9) (NFupRans) | (NFupeams) | (Wefidus) | (Wefidus)
1 11.839 6.382 46.096 50.665
9.595 4,232 55.889
9.838 4,918 50.011
2 0.25 2.272 1.941 14.601 32.759
2.345 1.395 40.538
2.415 1.373 43.137
0.5 5.183 4.169 19.558 37.540
4.719 2.614 44 611
2.817 1.452 48.450
0.75 7.333 6.393 12.817 36.613
6.181 3.286 46.829
5.891 2.934 50.193
1 8.160 6.090 25.362 42.398
7.860 3.935 49.931
7.790 3.747 51.900




105

ANTNNIARNUINT -2 1Bununisiantaasnglraazanuayliazaniuscazionn 7 Ju o

a v

grunnRvied (lalagiuw 0.05  wWefidudiininlaadsnimg nglaa 1 wWefidusdininiae

U3u1m9)
MUY Usnnaunglraaran sununglaaliazas
(NSNGIRART) (NSNGRART)

PR 1 | Al 2 i Aol 1 | ;sal 2 i
0 0.020 0.024 0.022 0.021 0.016 0.018
1 0.164 0.163 0.164 0.178 0.171 0.175
2 0.234 0.284 0.259 0.162 0.142 0.152
3 0.275 0.333 0.304 0.147 0.128 0.138
4 0.333 0.404 0.368 0.142 0.116 0.129
5 0.372 0.451 0.411 0.134 0.104 0.119
6 0.418 0.507 0.462 0.122 0.094 0.108
7 0.424 0.514 0.469 0.105 0.085 0.095
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ANTINNARUINT A-3 HavasANeTnNFaFuunslanlaesnglraazanuay ldazaniy

a v

greziann 7 AU o gouugivies (lalmaiu 0.05  wefidusdtauininalsuing nglaa 1

wefidumiunmintpadsnamg)

MUY ianglaaazauiade Fnanglasliazauiade
(NFNFRARYT) (NSNGIRARYT)

pH 3 pH 5 pH 7 pH 9 pH 3 pH 5 pH 7 pH 9
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.113 0.109 0.099 0.087 0.117 0.112 0.084 0.078
2 0.118 0.115 0.109 0.100 0.113 0.111 0.075 0.072
3 0.128 0.122 0.119 0.106 0.109 0.105 0.070 0.067
4 0.136 0.131 0.128 0.112 0.101 0.100 0.067 0.058
5 0.142 0.135 0.134 0.119 0.095 0.091 0.062 0.053
6 0.150 0.141 0.138 0.127 0.092 0.081 0.056 0.049
7 0.152 0.145 0.141 0.131 0.090 0.077 0.052 0.046

a

o Aa ' ' o
ANSTINNIANUINT -4 N@“ﬂﬂx‘]‘qmuguwmGmﬂ?‘mmm’a‘ﬁ@mﬂ@’ﬂﬂﬂQTﬂ@@mNLL@ﬂN@:ﬁ@NL‘]Ju

szazingn 7 U (lalmau 0.05 wWefidusmintinieulsuing nglaa 1 wWefidusdiininiae

131179)
AU Buninglaaazauiaie Buninglaaliazauiads
(NSNGBART) (NSNGBAMT)
DU 25 45 60 80 25 45 60 80
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.041 0.105 0.149 0.165 0.045 0.102 0.140 0.153
2 0.067 0.121 0.184 0.190 0.038 0.083 0.123 0.142
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adaa

ql 1 1 U 1
AISNNIANUINT A-4  (sia) navevgnan)inNselsuunslantdesnglaaazanuaslyl

&

azasifluszezioan 7 Fu (laleanu 0.05 wlefidusviuminiaailsunns nglaa 1 wlafidus

ﬁmﬁﬂ‘imﬂﬂ?mm)
AU inunglaaazauiade Funanglasliazaniade
(NTNFRARST) (NSNFBAMT)
25 45 60 80 25 45 60 80
3 0.153 0.210 0.214 0.219 0.031 0.078 0.098 0.116
4 0.159 0.274 0.276 0.302 0.016 0.063 0.083 0.091
5 0.179 0.374 0.387 0.414 0.010 0.040 0.058 0.072
6 0.230 0.382 0.413 0.437 0.004 0.018 0.035 0.045
7 0.248 0.403 0.422 0.451 0.000 0.009 0.015 0.017
2. uaaninladsaa
A1S9NIANUINT a-5 UszAnanannisiniuweaninlailsea
Talmaw | weanInlaisea anududy | wearihinTasea | dsz@ndnan | Use@nnw
(asigust G waavihtnlaflsen | 7ildldgnanuiu Anuiy fnifuieds
Hvining (Lﬂ@ﬁ%uﬁﬁwﬁﬂ Gudu (NFUFADARNT) (defidus) | (Uefidus)
15um9) (G ErNRTZE) GEVEEREE)
0.05 0.25 2.334 1.469 77.382 65.385
2.060 1.284 62.335
1.965 1.100 56.437
0.5 3.439 3.117 90.638 84.118
1.113 0.936 84.151
1.215 0.942 77.567
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Ialpgnw | wearihinlafsea Anudndy | weavinlafsea | Uss@ninan | Use@nsnan
(o fifust Wi waarnleailsea ﬁiﬂirﬁw’gﬂﬁmﬁu alaltaty fnifueag
dwiinlag (Lﬂ@ﬁ%uﬁﬁmﬁﬂ Gudu (NFUFADARNT) (ofidus) | (Uesfidus)
UFum9) G E) (NTNFRARST)
0.05 0.75 3.689 1.046 71.645 71.970
6.263 0.279 77.420
6.226 0.422 66.844
1 4.193 1.346 67.894 66.609
1.766 0.530 69.972
1.783 0.678 61.962
0.1 0.25 2.771 0.627 62.932 50.913
0.823 0.310 42.941
0.857 0.373 46.866
0.5 3.836 1.467 89.605 76.816
1.130 0.287 74.605
1.275 0.431 66.239
0.75 5.751 0.624 89.156 71.007
1.349 0.480 64.427
1.421 0.577 59.437
1 5.810 2.040 64.887 54.621
2.174 1.023 52.958
2.247 1.213 46.018
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Ialpgnw | wearihinlafsea Anudndy | weavinlafsea | Uss@ninan | Use@nsnan
(o fifust Wi waarnleailsea ﬁiﬂirﬁw’gﬂﬁmﬁu alaltaty fnifueat
dwiinlag (Lﬂ@ﬁ%uﬁﬁmﬁﬂ Gudu (NFUFADARNT) (ofidus) | (Uesfidus)
UFum9) G E) (NTNFRARST)
0.5 0.25 2.351 2.005 14.708 27.970
0.539 0.418 22.557
1.377 0.449 46.646
0.5 2.222 0.933 57.992 57.572
1.225 0.643 47.511
1.787 0.586 67.213
0.75 1.970 0.486 57.673 39.038
1.388 0.951 31.508
1.415 1.019 27.932
1 2.351 2.082 11.443 35.414
1.807 1.103 38.951
1.840 1.250 32.039
1 0.25 1.798 0.588 67.296 54.038
0.809 0.396 50.998
1.943 1.092 43.820
0.5 2.029 0.551 72.852 66.646
1.387 0.503 63.766
1.424 0.522 63.322
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Talmanuw | weanrInlasaa AL weavInlaW | se@vBaw | Usc@ninw
(Wasidus Wi waannlafsaa ?@@ﬁiﬂﬁgﬂﬁﬂ AN SniALLaAs
vining (Lﬂ@ﬂéﬁuﬁﬁwﬁﬂ Gud VL (sasigus) (sasigus)

15199) T fsanmg) (GQENEERIZE) GQEEERIZE)

1 0.75 5.481 1.553 71.664 58.371
1.521 0.752 50.591
1.619 0.763 52.857
1 5.784 1.716 70.330 56.120
1.807 0.955 47.164
1.941 0.953 50.866
2 0.25 1.957 0.721 63.171 50.217
1.165 0.615 47.230
2.139 1.278 40.251
0.5 2.903 0.790 72.780 65.587
1.585 0.600 62.130
1.663 0.635 61.851
0.75 5.614 1.606 71.385 59.814
1.944 0.885 54.482
2.051 0.952 53.574
1 5.740 1.935 66.298 55.544
3.432 1.732 49.524
3.641 1.791 50.810
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ANSINNIANWINT 2-6 Tuun9lanilaasuaan niaiseaaranuasliazanilureazinan
7 T guuniives (lalagau 0.05 wWefidudinniniaadinans ueaninlasea 0.5

wefidumiunmintpadsnamg)

AUILTU Bunnweainlaisesazan | Burnweaninlaisealiazan
(NSNGIRART) (NSNGRART)

pieTi 1 | m¥ed 2 lade piefi 1 | Aed 2 lade
0 0.006 0.009 0.007 0.006 0.009 0.007
1 0.165 0177 0.171 0.165 0177 0.171
2 0.188 0.181 0.184 0.131 0.128 0.130
3 0.197 0.191 0.194 0.120 0.116 0.118
4 0.241 0.226 0.233 0.103 0.112 0.108
5 0.275 0.281 0.278 0.092 0.089 0.091
6 0.289 0.294 0.291 0.052 0.059 0.055
7 0.313 0.303 0.308 0.049 0.052 0.050
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ANSINNIANUINT A-7 HaTadANaTNRFARLTNuN1Tlantaasaan niaNsaaszauLay lu

azanifluszezionn 7 54 o goannivies (lalnau 0.05 wefidusiiininlaalsuing uaanain

IAWs04 0.5 Wafidusminuin g Bunnsg)

ATUANTU Brnaueariinlaflseadzauiede Bunnuuearhinlafisenliazas eds
(NFNFRARYT) (NSNGIRARYT)

pH 3 pH 5 pH 7 pH 9 pH 3 pH 5 pH 7 pH 9

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.142 0.130 0.106 0.099 0.136 0.129 0.106 0.097
2 0.162 0.138 0.129 0.114 0.134 0.122 0.103 0.094
3 0.171 0.145 0.136 0.129 0.131 0.120 0.099 0.092
4 0.176 0.154 0.143 0.133 0.129 0.117 0.089 0.085
5 0.181 0.162 0.149 0.145 0.124 0.111 0.086 0.076
6 0.189 0.168 0.153 0.152 0.121 0.101 0.080 0.072
7 0.194 0.173 0.156 0.153 0.119 0.099 0.079 0.070

a

ANTNNIARUINT 2-8 NATDIgUUYANNAa BN N andetLaannInlalsanazanuay

Tdazaniluszazingn 7 91 (lalagnu 0.05 1ilaf

wafidusnminlaeFuamng)

<

b4

sunminiaafunng waannladsaa 0.5

smoniu | Bunnuearnnlaflseadzaniede Bunnsuearinlaftsealiazaieds
(NSNGBART) (NSNGBAMT)
DU 25 45 60 80 25 45 60 80
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.097 | 0112 | 0118 | 0126 | 0097 | 0115 | 0121 | 0.126
2 0.137 0.147 0.154 0.150 0.094 0.114 0.118 0.124
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ANFINNIANUINT 2-8 (FD)

Qd‘d ]

HATBENP LU NNHAD
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1Burainisdantaasiaanninlaflsaaszay

wazldazandluszazinan 7 94 (lalngu 0.05 wWefidusinminlaasunng wearinlaisea

0.5 weafidustnvininglsumng)

fuandu | Bunnuearnnlafiseaazasieds Bunnuuearhinlafisealiazas eds
(NSNGIRART) (NSNFBAMT)

DU 25 45 60 80 25 45 60 80
3 0.139 0.152 0.159 0.166 0.089 0.109 0.115 0.121
4 0.144 0.154 0.167 0.175 0.086 0.105 0.109 0.119
5 0.146 0.160 0.185 0.190 0.079 0.097 0.104 0.111
6 0.148 0.165 0.193 0.197 0.067 0.086 0.096 0.107
7 0.150 0.166 0.196 0.200 0.063 0.083 0.092 0.104

3. nalpauazuaanrinlansaa

ANTIMARUINT 2-9 Fununislanilaesnglaauazuaaviinlaiseaazanuas liavany

TLETIIAT 7 TU DU RIUNAN

IS4

Was (lalaaiu 0.05 wefiduduininlaalsunns nglaa 1

wafidustinminineiBums wazwaannlasaa 0.5 wlefidustinminineFunmns)

ATUIUTU Bunninnsuansesazasieds Bunninnsuanses laigzasieds
(NFUFDANT) (NFUFDAMT)
nglag unarInTasaa nglea unannnlaWsan
0 0 0 0 0
1 0.047 0.085 0.040 0.090
2 0.061 0.124 0.036 0.088
3 0.101 0.136 0.029 0.083
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A199NNANUINT 29 (sn) 1BNnunslanidetnglaauazueanninlaiseaszanuaslyl

azanifluszezionn 7 5 o goamniivies (lalngu 0.05 wWefidusminminlaaisuins nglaa 1

L1l

wlefifudinuinineBunng wazweanninlaflsea 0.5 Wesidustiiminlaal3umns)

ATUANTU Brnaumsantaesasaniens Bunaumsantaesliazaueas
(NSNGIRART) (NSNGIRARYT)
nglea unarhInTasaa nglag waarihinTasaa
4 0.148 0.003 0.020 0.074
5 0.184 0.004 0.016 0.072
6 0.216 0.004 0.005 0.065
7 0.223 0.003 0.0009 0.060

pRp

=i o : ' |
A1TINNIANUINT 2-10 N@‘ﬂ‘ﬂ\‘]ﬂ’?‘wL@‘H‘V]Nﬁ]ﬂﬂc"s‘ﬁ\l’m«m’]ﬁ‘ﬂ@mﬂ@@ﬂﬂ@Iﬂ@@Z’&NLL@%iNZQz@N

a v

annisinifiuansaesaiia Wusyezioan 7 94 o grungivies (lalagw 0.05 wafidusiiauin

Tnaiiunms nglag 1 wWaesidusminuinlaelsuims wazueaniniaflses 0.5 wefidusiiinin

GG E)
AU ﬂ??mmmﬂﬂmmm@ﬁlﬂ ﬂ?u’]mn@ﬂmimg@umﬁﬂ
(NFNFRARYT) (NSNGIRARST)
pH 3 pH 5 pH 7 pH 9 pH 3 pH 5 pH7 pH 9
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.086 0.066 0.046 0.025 0.103 0.070 0.046 0.031
2 0.115 0.078 0.069 0.033 0.099 0.059 0.036 0.026
3 0.135 0.109 0.091 0.076 0.081 0.049 0.028 0.019
4 0.177 0.167 0.159 0.097 0.059 0.040 0.022 0.013
5 0.224 0.190 0.175 0.122 0.047 0.030 0.016 0.009
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ANSNNANWINT 9-10  (Fla) HavasANeaNFaTunnslanaennglnaazanuayla

a v

azanannIIniiuansaes sl Wuszezinan 7 Ju ol gaungd

(laTmenu 0.05 e fidus

&

uminteaifsuams nglag 1 wWefifusmiminlaaiFuins uazusan miaisea 0.5 nlafidus

ﬁmﬁﬂ‘imﬂﬂ?mm)
AU ﬂ??mmﬂqiﬂmmmm?iﬂ ﬂ?mm%ﬂﬂmiﬂmaumﬁlﬂ
(nFureans) (nFnreans)
pH 3 pH 5 pH 7 pH 9 pH 3 pHb5 pH 7 pH 9
6 0.261 0.243 0.193 0.146 0.039 0.022 0.011 0.006
7 0.269 0.258 0.205 0.156 0.029 0.018 0.004 0.003

ANSNAANUINT A-11 HavaIA NIRRT UN TUanlaasuaan InTaNsaadzatLay

ldazdanaInnIsAnALANTda9TRA ussazinan 7

Tu o guugivies (latagiu 0.05

wafidustnninlaeiiung nglaa 1 wWefidusiiminlaeiiung wazueannnlasea 0.5

wafidusunminlaeFuamng)

ATUIUTU Bunnuearnnlafiseaszanieas Bunnuearhinleitsenldazaniads
(NFNFDARMT) (NFUFDART)

pH 3 pH 5 pH 7 pH9 pH 3 pH 5 pH 7 pH9

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1 0.113 0.109 0.099 0.087 0.117 0.112 0.084 0.078

2 0.118 0.115 0.109 0.100 0.113 0.111 0.075 0.072

3 0.128 0.122 0.119 0.106 0.109 0.105 0.070 0.067

4 0.136 0.131 0.128 0.112 0.101 0.100 0.067 0.058

5 0.142 0.135 0.134 0.119 0.095 0.091 0.062 0.053
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navadANNaTNAFAa TN N1l andaaswaan niaNsaaszan

(laTlmanu 0.05

wafidustnuminlaeiFuing nglaa 1 wWefidusiminlaeifunns wazueannlases 0.5

waefidumiunmintpadsnamg)

AU Bunnsuearinlnfiseaszaniaas Bunnsuearinlailsenldazauiede
(NTNFRARYT) (NSNGIRARYT)

pH 3 pH 5 pH 7 pH9 pH 3 pH 5 pH 7 pH9

6 0.150 0.141 0.138 0.127 0.092 0.081 0.056 0.049

7 0.152 0.145 0.141 0.131 0.090 0.077 0.052 0.046

AITINMANUINT A-12 [aTeguu)inifeTunslanlaesnglraazanuazliazan

annIeinAuasaesniia Wluszazinan 7 54 (lalmanw 0.05 wefiduduimininead3uams

nglaa 1 wefidusinminiauiFuins weanInlases 0.5 wWasidu

b4

Arnvin e FNmg)

MUY Buninglaaazauiais Buninglaaliazauiads
(NSNGIBARFT) (NFNFBAMT)

GRIEE 25 45 60 80 25 45 60 80
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.025 | 0.054 | 0.086 | 0123 | 0048 | 0.081 | 0.099 | 0.130
2 0.035 0.077 0.123 0.138 0.038 0.069 0.089 0.113
3 0.047 | 0.126 | 0139 | 0.159 | 0.029 | 0.058 | 0.070 | 0.100
4 0.072 0.146 0.150 0.180 0.022 0.045 0.051 0.088
5 0.103 | 0.163 | 0.171 | 0197 | 0013 | 0.033 | 0.043 | 0.059
6 0.119 0177 0.195 0.214 0.004 0.019 0.036 0.049
7 0.130 0.189 0.208 0.223 0.001 0.010 0.026 0.045
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ANTNMARNUINT A-12 HaTasgUU)AnHFAe BN sanldetuaannInlalsanazanuay

v
& O

ldgzanannisiniiuansdeariin duszazinan 7 54 (lalaanu 0.05 wefidusdtiiuiining

13u1m9 nglaa 1 wasifusiinuminiaailiuamns weanrnladses 0.5 ulafifudtiudniae

U3u1m9)
smaniu | Bunnuearnnlsflseadzanieds Bunnsuearnlaftsealiazaiade
(NFUFDAMT) (NFuFDAMT)

quunfl | 25 45 60 80 25 45 60 80
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 0.090 0.107 0.116 0.119 0.089 0.098 0.111 0.119
2 0.101 0.129 0.132 0.139 0.086 0.100 0.109 0117
3 0.107 0.140 0.144 0.151 0.084 0.100 0.106 0.113
4 0.113 0.148 0.153 0.159 0.081 0.092 0.099 0.106
5 0.131 0.160 0.168 0.171 0.075 0.085 0.090 0.103
6 0.137 0.162 0177 0.179 0.067 0.081 0.084 0.096
7 0.141 0.165 0.179 0.182 0.066 0.080 0.081 0.095
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Abstract: In this research glucoses-encapsulated chitosan na';\oparticles were prepared to study
glucose encapsulated efficiencies, determined released rate, study of temperature and pH effects. This
glucoses encapsulation is the model for serving as a hydrophilic substance to encapsulate in chitosan
nanoparticles. The efficiency of glucose encapsulation in term of an accumulative release rate was
increased over time and was then decreased. However, non-accumulative release rate gradually
decreased. Effect of temperature showed the best release of glucose at 40 degrees Celsius. On the

other hand, PBS buffer pH 8.0 was the best.

Introduction

Chitosan is the second abundant polysaccharide and a cationic polyelectrolyte present in
nature [1]. It is a linear polysaccharide composed of randomly distributed B-(1-4)-linked D-
glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit). Its commercial forms
are essentially produced from N-deacetylation of chitin. Because of its biocompatibility.
biodegradability, nontoxicity and low to high molecular weight biopolymer. Chitosan has attracted
much attention in pharmaceutical, cosmetical, biomedical applications. Uniquely, the glucosamine
units on the chitosan backbone render this hydrophilic polymer a high density of positive charge in an
acid solution and was presently utilized as the wall material of the delivery system [2]. Encapsulation
potentially can protect active molecules from degradation by direct exposure to severe environments,

e.g., light, oxygen, chemicals, etc. In other words, encapsulation can reduce the loss of activity of the
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active compounds [3]. However, the objectives of this study were to study glucose encapsulated
chitosan and glucose released efficiency including the effect of temperature and pH changes on the
glucose released rate. So that we used the model agents encapsulated chitosan nanoparticles. In
addition, the other work can apply soluble agents encapsulated chitosan nanoparticles to utilize for
carrier system. We propose a spectrophotometric method to determine total glucose concentration in
chitosan nanoparticles because the reaction of DNS with reducing sugars is simple [4].
Materials and Methods

Chitosan (95% DD, M,,= 100,000) was obtained from Seafresh Chitosan (Lab). D-glucose
purchased from Ajax Finechem Pty Ltd. Tripolyphosphate (TPP). 3, S-Dinitrosalicylic acid (DNS)
was prepared by dissolved sodium hydroxide 80 g in 500 ml of distilled water with magnetic stirrer.
Add 1 g DNS and stir continuously until well dissolve. Add sodium-potassium tartrate 60 g until
homogeneous dissolve with little heat. Adjust to final volume of 1000 ml with volumetric flask.
Keep DNS solution in brown glass bottle.
Chitosan nanoparticles preparation

Mixed 0.05 %w/v chitosan solution with 10%w/v glucose. Then dropped with TPP solution
0.75 mg/ml slowly with magnetic stirrer to glucose encapsulated chitosan. Then sonication for one
minute and centrifuged 15 minutes at 5,000 rpm. Washing with distilled water for three times by
centrifugation. Kept supernatant for determined glucose encapsulated chitosan nanoparticles with
DNS method. The pellet was added with distilled water to suspension continuously measured.
Glucose-encapsulated chitosan nanoparticles efficiencies determination

Glucose-encapsulated efficiencies delerminatidn by detection of glucose amounts with DNS
method. Separated glucose-encapsulated chitosan nanoparticles suspension to 3 test tubes. Mixed 1 ml
of sample with 1 ml of DNS solution and boiled for 10 minutes. Cool down the samples with put the
sample tube in cold water immediately. Added 5 ml of distilled water and mixed well. Determined
absorbance at wavelength 540 nanometer by spectrophotometer. Convert ODsy with glucose
concentration standard curve for encapsulated efficiencies determination.
Rate of accumulative glucose released determination

Glucose-encapsulated chitosan nanoparticles suspensions were divided to 14 tubes and shaked
at 180 rpm all time. Next day after prepared glucose-encapsulated chitosan nanoparticles divided
suspension samples into 2 tubes to centrifuged 15 minutes at 5,000 rpm. Then separated supernatant
and pellet and stored at -20°C. The same procedure was repeated everyday for one week. Then
supernatant were determined with DNS method.
Rate of non- accumulative glucose released determination

Glucose-encapsulated chitosan nanoparticles suspensions were divided to 2 tubes and shaked
at 180 rpm all time. The first day after prepared glucose-encapsulated chitosan nanoparticles sample

was took to centrifuged 15 minutes at 5,000 rpm. Kept supernatant at -20°C. The pellet was added
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ith distilled water and continuously shaked. The same procedure was repeated everyday for one
eek. Supernatants were determined with DNS method.
Effects of temperature and pH on glucose released efficiencies
Glucose-encapsulated chitosan nanoparticles were stirred until getting homogeneous
bsuspcnsion.l Separated into each of tube S5 ml and incubated in shaker at O, 15, 25, 30,37,
4045, 50, 55, 60 °C for 1 hour and centrifuged for 15 minutes at 5,000 rpm. Supernatants
were determined with DNS method.
Effects of pH on glucose released efficiencies
Glucose-encapsulated chitosan nanoparticles were stirred until getting homogeneous
suspension. Separated into each of tube 5 ml and centrifuged for 15 minutes at 5,000 rpm to separated
unencapsulated glucoses. After that adding with buffer solution i.e. acetate buffer pH 3.0, 3.5, 4.0,
; 4.5, 5.5, PBS buffer pH 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 and Tris HCI buffer pH 7.5, 8.0, 8.5,9.0, 9.5 into
_each tube for 5 ml. Then was shaked 180 rpm at room temperature for 1 hour. Centrifuged for 15
. minutes at 5,000 rpm. Supernatant were determined with DNS method?*
esults and Discussion

For measurement of glucose concentration in all samples were calculated from this
tandard curve. The chemistry of the DNS method tests for the presence of free cari)ony]
group (C=0) in glucose. This involves the oxidation of the aldehyde functional group appear
o be oxidized to carboxyl groups. Simultaneously, 3,5-dinitrosalicylic acid is reduced to 3-
ino,5-nitrosalicylic acid under alkaline conditions. T,hé/ facts, however, that the
“equivalence between aminonitrosalicylic acid produced and sugar is not exact and that
different sugars yield different amounts of color suggest that the chemistry of the test may

actually be appreciably more complicated [5,6].
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ig. 1 : Rate of accumulative glucose released from Fig. 2 : Rate of non - accumulative glucose
chitosan nanoparticles released from chitosan nanoparticles
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Determination of cumulative glucose released rate from chitosan nanoparticles found
that increased continuously because the glucose éoncenlration in chitosan nanoparticles have
accumulated which glucose concentration is very. So, the diffusion of glucose from chitosan

4 nanoparticles to the surrounding water until the fourth day was slowly decreased in the next
i day because of glucose terminated from chitosan nanoparticles (Fig.1).
1 In measurement of non-accumulative glucose release rate from chitosan nanoparticles

found that the release rate decreased continuously. Because the first day is the diffusion of glucose

release from chitosan nanoparticles well because the concentration of glucose within the chitosan

nanoparticles more than in the surrounding water. While the following day were added to fresh
| distilled water every day. Of course, there will be a decrease in glucose concentration in chitosan
nanoparticles every day. When fresh distilled water is added the concentration of water over therefore,
4 0.16 the diffusion of water into the
W -
i 0.14 chitosan nanoparticles are very.
5 = i Resulting in glucose release out
: 0.1
¥ = : :
i 2 008 less, respectively (Fig.2). Effect
< 0.06 of temperature on glucose
w
<
S, released found that glucose
O 002 | ! e 3 ,
aX : concentration increased which
0 10 20 0 0 59 60 7 70 the best temperature glucose
Temp (°C) : 50
Y released was| 4(y'C. Moreover,
Fig. 3 : Effect of temperature- on glucose release from L
! : the viscosity and molecular
chitosan nanoparticles
1 weight of chitosan. Both
decreased when the temperature gradually rises. For instance, the . viscosity and 3
g molecular weight of the product were reduced to 40.9 g/ml and 2.00x10*, respectively, at
i 80 C. However, the yields of 0.06
‘ chitosan gradually decreased when o005 —#=fcetafc buffer
: ; = —=—PBS buffer
the temperature rises, which < 004
! ; e ~#—Tris buffer
g . indicates that the more chitosan is ; 0.03
4 =3
degraded into soluble chitosan or g 0.02 %
i monomer at higher temperatures [7]. oot
# Higher temperatures result in stronger 5
structures  chitosan  less  allowing O e R S I e R ST S e [
i =
glucose released it. (Fig. 3). Fig. 4 : Effect of pH on glucose released from
chitosan nanoparticles
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To study the effect of pH on the release of glucose. When the glucose encapsulated chitosan
nanoparticles and then to fill the buffer solution such as acetate buffer, PBS buffer and Tris-HCI buffer
found that when pH increased the release of glucose from the chitosan nanoparticles increased. To a
certain level, then begin to decreased the glucose released. PBS buffer solution pH 8.0 resulted
in the best glucose released when compared with the acetate buffer and Tris HCI buffer (Fig. 4).
Because each of buffer solution will have the ability to resistance to change pH of the substance is not
the same. The PBS buffer solution has buffer capacity more than other two buffer solution and work
effectively in a range from pH 5.0 to 8.0 The buffer capacity depends on the presence of actual moles
of conjugate acid and base.

Conclusion
The results imply that the rate of glucose release from the concentration of glucose in

chitosan nanoparticles and the water outside was unequal therefore, the diffusion of glucose into the

outside. Over time caused the released of more glucose. When temperatures increase the efficiency of
glucose release better and pH increasing effect of glucose released from chitosan nanoparticles.
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