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M3 1 undovesvinavonn Tuuntygaludiadu (Core to Wall ratio 1:4, 2% w/v Span 80

1aL2% w/v Tween 80)
Chitosan Span 80: YUIAYDIOYNIA (nm) 7130
Formulation TPP(w/v) T v v ey

(% wiv) Tween80 | ASIN 1 | ATIN 2 | ATIN3 | Aundy
1 50/50 5342 | 5115 | 5450 | 5302
2 0.7 60/40 3889 | 401.7 | 3620 | 3842
3 70/30 3489 | 3456 | 3745 | 3563
4 5226 | 5343 | 6060 | 5543
5 2.0 4222 | 3985 | 406.8
6 383.6 399.1 378.7
7 407.9 385.1 400.0
8 418.1 | 417.1 | 406.7
9 381.0 365.0 362.9
10 404.4 4279 401.3
11 404 | 4079 | 4025
12 4326 | 4498 | 4222
13 4345 | 4552 | 4358
14 2.5 3912 | 4146 | 406.6
15 :;_ [ 469.4 | 4853 | 4756
16 ; - 394.0 476.6 4373
17 E 1.5 { 366. 386.7 376.8 376.7
18 e, 0/ 1. } 4163 395.9 397.9
19 50/ .8 ﬁl 446.3 432.1
20 "‘i.l 0.7 60/40  |4£2488 511.2 9 5205 | 506.6

FRNAIIIEU 3 NI Pl Ghss | e

23 50/50 4207 | 4314 | 4684 | 4402
23 3.0 1.0 60/40 4719 | 4737 | 5246 | 490.1
24 70/30 478.5 | 4982 | 4736 | 4834
25 50/50 379.6 | 3404 | 3702 | 3634
26 1.5 60/40 4119 | 4251 | 4578 | 4316
27 70/30 4354 | ass1 | 4627 | as11




M3 N2 AURAoveIvIIAve s Tuuaga ludiiadu (Core to Wall ratio 1:3)
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Chitosan Span 80: YUIAVDIDYNIA (nm) NiA
Formulation TPP(w/v) T A A, —
(% wiv) Tween80 | ASINT | ATIN 2 | ASIN3 | AURAY
28 50/50 330.7 | 298.1 | 3028 | 310.5
29 0.7 60/40 2934 | 3007 | 339.1 | 311.1
30 70/30 2834 | 295 | 2718 | 2834
31 50/50 286.5 | 289 | 2879 | 287.8
32 2.0 1.0 /40 2873 | 307.5 | 3042 | 299.7
33 | 87.6 | 304 296 | 295.9
34 0/ 282.1 | 2789 | 278.7
35 601 306.9 | 299.1 | 2983
36 0 3186 | 3134 | 3105
37 3 2888 | 2739 | 2833
38 =610 283.8 | 2778 | 287.8
| L AN
39 080 3083 | 3105 | 306.9
40 = 3047 | 2942 | 2982
..l; -f":\ |
41 2.5 1974 ¢ 75 | 2883 | 2956 | 2938
42 203 3108 | 326.1 | 3141 | 317.0
43 2785 | 274 | 2803
44 266 | 2883 | 2727
45 301.6 | 3033 | 305.1
46 i 3%5 3293 | 3309
3
47 -] 3 3052 | 3207
48 431290 4073 | 415.1
or 4 F.Y

L3l 2 PRy
50 364.7 | 347.7
51 70/30 364 | 3723 | 3633 | 366.5
52 50/50 297.2 | 3121 | 3118 | 307.0
53 15 60/40 2945 | 2951 | 2979 | 2958
54 70/30 3905 | 350.6 | 374.5 | 371.9
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Chitosan Span 80: VUINVBIDYNIA (nm) 'ﬁ’fﬂ
Formulation TPP(w/v) v T3 ] —
(% wiv) Tween80 | ATIN 1 | ATIN2 | ATIN 3 | AURQY

55 50/50 3374 351.8 327.1 338.8
56 0.7 60/40 368.1 351.1 357.1 358.8
57 70/30 342.0 359.2 397.4 366.2
58 50/50 301.2 3244 335.2 320.3
59 2.0 1.0 385.3 374.1 369.5 376.3
60 331.7 356.5 339.2
61 348.7 328.0 329.7
62 439.0 408.9 415.2
63 332.1 285.1 304.0
64 263.0 252.0 256.5
65 263.5 2739 | 266.5
66 315.0 2844 | 289.8
67 264.2 270.4 258.1
68 2.5 264.2 270.4 258.1
69 318.5 304.6
70 266.8 261.6
71 276.3 268.9
72 264.6 | 272.0
i L1 ‘ 280.0 | 276.1
74 &‘ u ﬂ 286.3 268.7
Saar ¢ 'ﬁ&l 280.1
;W ] a q 05 | 258.5
77 3.0 1.0 60/40 323.0 317.5 320.0 320.2
78 70/30 288.5 278.3 292.5 286.4
79 50/50 238.7 246.1 276.7 253.8
80 1.5 60/40 283.4 270.7 286.1 280.1
81 70/30 272.7 306.9 273:1 284.2
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M3 04 AuRDeveIvIAYe I Tuunyaludiadu (Core to Wall ratio 1:5)

Chitosan Span 80: YUIAVDIDYNIA (nm) fida
Formulation TPP(w/v) T3 A LA i

(% wiv) Tween80 | ASIN 1 | ATIN 2 | AN 3 funay
82 50/50 3358 | 3642 | 3521 | 3507
83 0.7 60/40 3259 | 3197 | 3595 | 335.0
84 70/30 356.0 | 3658 | 368.7 | 363.5
85 50/50 3485 | 3556 | 3468 | 3459
86 2.0 1O} | 8040 3752 | 3579 | 3695 | 367.5
87 ' ' 3354 | 3389 | 3647 | 3463
88 — 250 428 | 3496 | 3450 | 3458
89 60/40 3524 | 3984 | 373.1
90 7 . 3446 | 3058 | 349.7
91 :-#; \ 2693 | 256.4 | 263.6
92 1 /40 286.6 | 300.5 | 283.5

NE |
93 7030 305.1 | 300.1 | 297.0
94 s 6 | 2648 | 2785 | 2740
95 2.5 e 659 | 2564 | 2785 | 2669
96 269.8 | 278.6 | 312.6 | 287.0
97 4B 3 /13256 | 3569 | 3426
98 7 : 3126 | 3257 | 3317
99 m 328'm 345.1 | 3489 | 3409
100 ¢ lon 50/50' 346.5 | 3456 | 329.6 | 340.6
101 1 u EI q m E ﬂtﬁow 87;] ﬂ ;i.s 3458 | 363.7
102 369.80 3984 | 378.0
Q3W fi - mss.s 346.1

104 355.8 | 345.6 | 355.6
105 70/30 356.9 | 368.7 | 378.1 | 367.9
106 50/50 305.6 | 311.0 | 314.6 | 3104
107 1.5 60/40 3125 | 3247 | 3267 | 3213
108 70/30 326.8 | 3459 | 352.1 | 341.6
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a

Standard solution no. ANuLtingu (ppm) Auilénsw
1 0 0.0000
2 0.5 31.3073
3 1 67.4742
4 336.0821
5 D 0 / 663.9371
6 — 450 é 3457.9834
7 / ' 6636.9384
8 | \\\\ 33516.5000

o
ﬂ\ N\
40000 * s \ 013x + 5.7428

ﬁuﬁ'tﬁns-lw

2= 1

35000

30000 ,

A ——————————
272 R
20000 - g o
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1500

wwhw ASNYNT

%! 5000 —v

AR ANNAY .,

ANNLNduUtaYrasAiiu (ppm)

o o d a a
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319 92 wanistlaaaeunesgiueinu Tuuallgad 13y Formulation 79 (No.3)
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vy USuaen
Time (min) ANWVUUU (ppm) % release
(lusTasnsy)
0 0 0 0

5 10.30
10 11.96
15 14.01
30 15.73
45 17.36
60 17.57
90 20.64
120 20.91
180 23.40
240 24.82
360 26.45
480 27.21
600 [T—s——u ] 27.44
720 r , 13.757 27.51
| ¢ 1015 213.94 27.53
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MuaInlalawiu ¥inin 1 n3u

A1319 A1 LAAIAINITAIUINU Ny Vinsige St NFA 10 Taaumun 5 ur Tuiums

d, (nm) N, (ua) Vinsige (NM)° Stotal (NM)°
500 2.59941E+14 1.60045E+22 2.04054E+20
400 4.08209E+14 1.26723E+22 2.05084E+20
300 7.31838 +14 9.34087E+21 2.06817E+20

) 2.08218E+20

2.10342E+20

A;I/H Stota (NM)2

n623E1a 4| 716757 1.04109E+20
1 9 1.05171E+20

1.06973E+20

1.08444E+20

1.10701E+20

BAT L&A TP oy T
QS V' 6o07376413° | 3918518421 [ 5.42021E419

400 110172E+14_ | 269004E+21 | 5%3506E+19
QR S A T e | Seiteers
9 250 3.00256E+14 | 1.45522E+21 | 5.89252E+19
200 4.89454E+14 | 1.04918E+21 | 6.14754E+19




A13149 24 HAAIAIMIAIUIN Ny Vinsice Stoa MW 1A Taauannn 50 unTuiums

AULINENINYINT

dp (nm) N, (uiq) Vinsige (NM)3 Stotal (NM)2
500 3.1325E+13 1.04918E+21 2.45902E+19
400 5.1644E+13 7.2973E+20 2.59459E+19
300 1.0057E+14 4.21053E+20 2.84211E+19
250 1.55986E+14 2.7551E+20 3.06122E+19
] 1.42857E+20 3.42857E+19
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Nanoencapsulation of Curcumin in Biodegradable Chitosan via

Multiple Emulsion/Solvent Evaporation

Nataporn Sowasod'”, and Tawatchai Charinpanitkul', Wiwut Tanthapanichakoon?

' Center of Excellence in Particle Technology, Department of Chemical Engineering,
Chulalongkorn University, Bangkok 10330
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? National Nanotechnology Cent

Abstract

Curcumin extract was nanoencapsi

DA, Phathumthani 12120

wiwut@nanotec.or.th

. Structure of curcumin.

biopolymer obtain from renewable
discarded crustacean shells. Chitosan is
basic units of 2-deoxy-N-acetyl-D-
nine and 2-deoxy-D-glucosamine linked by b-1,4

possesses  biocompatibility,

tripolyphosphate (TPP) cross-linked Wi

groups of chitosan in the nanocapsul The yield of

nanoencapsulated  curcumin range ff

96.28 Y%ow/w.

1. Introduction

extracted from the turmeric. One application of curcumin

is the usage as an antioxidant [1]. Its chemical structure is

shown in Fig. 1.

MSG to
AN
¢
e RSO R

iodegradabiiit xicity and biological properties
presence of amino and hydroxy! groups.

tough and inert solid, insoluble in

w%ej[Z].

lation rption in capsules of active
lif pﬂﬂﬁnﬂﬁdely used in the fields of
cosmetolo&
‘ lly vesi inwvhich an active ingredient
Kﬁﬁoﬁﬁﬂr@ ﬂity surrounded by a

single polymeric membrane [3]. A potential application is

and dermatolegy. Nanocapsules are

the slow release of the active ingredient using the
chitosan membranes.

The objective of this study was to nanoencapsulate
curcumin in chitosan cross-linked with tripolyphosphate

(TPP) and to characterize the nanocapsules.
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2. Materials 3.3 Nanocapsules characterization
2.1 Polymer: chitosan (CS) (molecular weight around 3.3.1 Particle size distribution
227,000, degree of deacetylation 87 %) was obtained The particle size distribution of the prepared nanocapules
from Seafresh Chitosan (Lab) Co., Ltd, Thailand. was measured in suspension state by Dynamic Light
2.2 Active agent: curcumin was obtained from Thai- Scattering (DLS) method with a Zetasizer Nano-ZS.
China Industry Co., Ltd, Thailand. 3.3.2 Yield of encapsulation

2.3 Solvents: acetic acid and ethanol (99.7%) were Y = (L/TIX 100 (Yowlw)

obtained from Merck England.

2.4 Surfactants: sorbitan monooleate (Span 80) anq

ules and T. is the total concentration of

‘ where L. is the curcumin concentration in loaded
polyxyethylene sorbitan monooleate (Tween 8 S

roduced in the preparation.
,“ Cum entration was analyzed by High-

P iguid Chromatography (HPLC) analysis.

obtained from Sigma-Aldrich, Switzerland.

3. Methods

3.1 Nanocapsules preparation

vaporation. The nanocapsules were

xing the ratio of water phase and oil

d 60/40v/v), TPP concentration 1.5%w/v.

“experimental results were summerized in Table 1.

Add tripolyphosphate || batches. of nanocapsules had average size

range of 2558413 2nm. The preliminary results on the
!'\' was found to range from 18.56-

C. 30 min) 0.28 % w/w.

grogaisd, L7 W %gWﬂ:yTﬂ e and Yield of encapsulation.
ks iN redi
3 T ﬂ:um henﬁ ﬁz
: % C Span 80/ verage %Yield of
. I\ e iz¢ (am) | encapsulation
0 L .

60/40 415. 25.90
25 50/50 261.6 18.56
Fig. 2. Preparation procedure of nanocapsules. mene st g o
30 50/50 253.8 64.45
60/40 282.4 96.28

3.2 Polymer characterization
The chitosan structure was confirmed by using Fourier

transform infra-red spectroscopy (FT-IR).
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Fig. 3 shows an example of nanocapsule size distribution 5. Conclusion
in the suspension state obtained the ratio of water phase Under the conditions of this study, the nanocapsules had
and oil phase (4:1), the surfactant in a blend of Span 80 average size of 253.8-4152 nm. The yield of
and Tween 80 (50/50v/v), chitosan concentration at encapsulation was at 18.56-96.28 %w/w. The average
3%w/v and TPP concentration at 1.5 %w/v. size and yield should further be improved by optimizing

the synthesis conditions.
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and commercial chitosan is shown in Fi
3434.16 cm can be attributed to -NH, an
in the commercial chitosan. In chitosan nano 4244 : ‘ .\ \ Moo
shift from 3434.16 to 3434.69 cm™' was obs *_ ge :

valley of 3434.69 cm™ became wider, thereby i

enhanced hydrogen bonding. In nanocapsules the 1641. lrs
and 1579.98 cm’' peaks of —-NH, bending
shifted to 1632.86 and 1571.98 cm . 7 -
attributed to the linkage betwee v_ -1'""

tnpolyphOSphonc groups of TPP were U'OSS lmked with

ﬂ U Eﬂ ANYNINYINT

1632 86 cm 98 cm’
} i

g Whmnimum'mmaﬂ

ammonium ions [4]. It may be considered t

i
o SN,
T
|

¥ 5 &

Ve 343469 cm”

Fig. 4. FT-IR spectra of chitosan nanocapsules.
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