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ABSTRACT 
 

Low molecular weight of chitosans were prepared by cellulase 

hydrolysis. Four kinds of molecular weight of chitosan hydrolysates (CS)  

were chosen and prepared for different concentrations (0.67, 1.00, 1.34, 

1.68 and 2.00 mg/mL ) and pH (3.0, 4.7 and 6.0) of CS solution. Sodium 

tripolyphosphate (TPP) solution ( 0.84 mg/mL ) was prepared at different 

pHs of 3.0, 5.0 and 9.0. CS-TPP nanoparticles were prepared by mixing 

the above CS and TPP solutions with different CS/TPP mass ratio 2/1-6/1. 

CS-TPP-EGCG nanoparticles were also prepared by adding different 

concentrations (0.1-0.5 mg/mL CS solution) of epigallocatechin gallate 

(EGCG) to the TPP solution before mixing with CS solutions. EGCG 

encapsulation efficiency, particles size and zeta potential of the 

nanoparticles were investigated. Cross linking among CS, TPP and EGCG, 

SEM and stabilities (at pH 1.2 and 7.4) of the nanoparticles were also 

determined. 

 

As result, a high encapsulation efficiency obtained in the following 

conditions : at pH 4.7 and pH 9.0 for the CS solution and the TPP 

solution, respectively, small CS Mw, high CS/TPP mass ratio and low 

EGCG concentration while large nanoparticle size appeared in case of 

small CS Mw, high CS/TPP mass ratio and high EGCG concentration. 

The EGCG encapsulation efficiency changed in a range of 29-47%. The 

nanoparticle size of CS-TPP-EGCG appeared at 244-438nm, and larger 
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than that of CS-TPP particle (226-315nm). FTIR analysis showed that 

cross linking occurred between CS and TPP, but not between CS and 

EGCG or between TPP and EGCG. All the nanoparticles showed positive 

charge (+25.1-+28.8 mV). The nanoparticles were very stable in the pH 

1.2 and pH 7.4 buffers for 2 hr and 6hr, respectively. 

 

Key word: Chitosan hydrolysate, Sodium tripolyphosphate (TPP), 

Epigallocatechin gallate (EGCG), Nanoparticles, Entrapment 

efficiency, stability. 
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Fig 1. Structure of chitin, chitosan and cellulose. 
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Fig 2. Segment of chitosan molecule in acidic aqueous solutions. 

    (Liu et al., 2006) 
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Table 1. Enzyme for the degradation of chitinous materials. 

Type Enzymes Sources 
Cellulase TV  Trichoderma viride  
Cellulase 300P  Trichoderma reesei  
Cellulase AP  Aspergollus niger  
Biocellulase  Aspergollus niger  
Hemicellulase  Aspergollus oryzae  
Bioxylanse  Trichoderma reesei  
Pectinase G  Aspergollus niger  
Pectinex 3XL  Aspergollus niger  
Dextranase 50L  Penicillium Lilacimum  

Glycanases 

Fungamyl 1600S  Aspergillus oryzae  

 Lactozyme Kluyveromyces fragliils 

Papain  Carica papya  
Acid-stable protease  Rhizopus sp.  
Fungal protease 3100  Aspergillus oryzae  
Protease M  Aspergillus oryzae  
Protease N  Bacillus subtilis   
Protease 2A  Aspergillus oryzae  
Prozyme 6  Aspergillus oryzae  
Peptidase A  Aspergillus oryzae  
HT Proteolytic 200  Bacillus subtilis   
Protease S  Bacillus sp.  
Newlase  Aspergillus niger  
Proleather  Bacillus subtilis   
Fungal protease  Aspergillus oryzae  
Fungal protease S202  Aspergillus oryzae  
Bacterial protease S203  Bacillus sp.  
Rhyzome P41  Aspergillus oryzae  
Rhyzome P11  Aspergillus oryzae  
Rhyzome P64  Bacillus licheniformis   
Thermoase  Bacillus thermoproteolyticus  
Alcalase 2.4L  Bacillus licheniformis   

Protease 

Neutrrase 0.5L  Bacillus subtilis   
Lipase MAP-10  Mucor ap.  
Lipase AIE  Aspergillus niger  
PPLipase  Procine pancrease  
Lipase 3TBU  Aspergillus oryzae  

Lipase 

Lipase  Microbial Lipase  

 Trannze  Aspergillus oryzae  

Carbohydrates 

other 

�Pantaleone et al., 1992� 
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Table 2. The applications of novel drug delivery system. 
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Fig 3. Transport across intestinal epithelium. olecules cross the 

intestinal epithelium into the blood primarily by three pathways: 

passive diffusion across the cell membranes (transcellular pathway); 

passive diffusion between adjacent cells (paracellular pathway); 

and carrier-mediated transport (carrier-mediated pathway). 

(Ward et al., 2000) 
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Abraham, 2006�� 
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Table 3. Application of Chitin and Chitosan. 
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³�'Tight junction } ~ M ù �� ò � i � � 

Fig 4. Schematic representation of interactions among tight junction  

proteins. (Ward et al., 2000) 
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7. E F G � (reverse micellar method) 
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 �c1 h )*��� �i � 4�b�/ 
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�i � 4�c�Chitosan-TPP crosslinking��

Fig 5. (a) Molecular structure of chitosan in acid solution, (b) that of  

tripolyphosphate (TPP) and (c) ionic crosslinking between  

chitosan and TPP. (Hsieh et al., 2008). 

(a) Chitosan in acid solution 

(b) Sodium tripolyphosphate (TPP) 

(c) Chitosan-TPP crosslinking 
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� , ü �endocytic mechanism�× Ø ç è �À DOX s cç è ¸ 2 3 �

��± U V � V � � 

 

Pan³´ (2002)�� �
 �:;< => � � � ��# $ Ó � � �

~ Ã ¹ �S T 4Þ � Á ¬�i j n 7� �
 �:;< =s 7 p � � �

ce Ö �Ê Ü Ý ½ �3� �  [ � ~ Ã ¹ Þ � 	 � �> ? 21 I.U./kg 

� � � �¼ 3Þ � � �0 Ö 15 F ñ�À \ �s U Vh 6 V \ ] m M

p � � 14.9 % �,� 

 

Janes( Alonso (2003) U VNaNO2 	 
 � �
 �� ��� � � �

��� �
 ��� � ��� �
 �. TPP � �] � 8 9¦ > ? � �

���   � � u F =D �� �
 �:;< =�i j t S �< ==D 7

280-360 nm�G H I J 7+40 mV ~ +48 mV�> ? } � � ��> ?C

� 70-81 %� 
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 Xu( Du (2003)ï ê ë R # $ ¬ � � &n# $ � ����
 �

c� � :;< =�v � BSA�> ?C n4·~ 2 3 � � �i j t S �

� �� ! p�80-210 kDa�4> ?C ! p�18.8-54.4 %��ä Y " � 2

3 C B ! � �73.9-17.6 %�� 

 

Qi³´ (2004)� � � �
 �:;O => ? BSA�$ Á # � > ¡ ª

&'pH �n CS/TPP 6 Â � R � �
 � ¬ � � &o pÀ � u $��

��� � ñ�o s / ü =D E F � � � R c� pH��pH 3-5���

f�4=D ! E �c 2 3 m H �a b e Ö ñs � � 0 Ö ø Õ 6 y� 

� �
 �� � ª � h �c Qi³´ (2004) k l � � � �
 �:;< =�

4i j < ==D % y 7 40 nm�G H I J 7+51 mV�4ª � © h 6 �

�
 �¦ t � j æ Ò� 

 

Vila³´ (2004)cÃ ¹ � � ��U V� � ��� �
 ��Mw 23'  

38 ( 70 kDa�> ? Tetanus toxoid (TT) � � � �
 �:;< =_ 7

� Ú Û b Ì �4:;< ==D |7 350 nm'G H I J |7+40 mV(

> ?C 7 50-60 %�� � & K L M N O P S T � Ú Û ç è k l � �


�:;< =u � �
 �)*Ô é ½ p4c P � � � �� �
 �:;<

=s � _ / ü 2 3 Ì ��' £ ( �,��± Ö ï U V � j � 

 

Wu³´ (2005)�# $ � � ��� �
 �> ? ammonium 

glycyrrhizinatec:;< =¸ �4< ==D F �>210 nm��=D w x

$��s > ? ammonium glycyrrhizinate % &p� 0.5 mg/mL�2 3 )

¯ ¹ N � À 2 l � �ä �` _ 2 3 ñ� 1 � * _ 2 3 � � ¼ � 
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Deng³´ (2006)U V# $ � ��� �
 �> ? lysozyme � � �

�
 �:;< =�i j t S � 	 � �
 �� ��'/ 
 0 1 2 % &�

(	 � lysozyme % &s � 	 lysozyme > ?C �encapsulation efficiency, 

EE %��( / ü 2 3 � j ! Ò� 

 

Qi³´ (2006)�� �
 �:;< =û ü à ¿ ç è �cç è � � � 

=D 40 nm�� �
 �< =s � � û ü à ¿ ç è 4c P � � � ���

40'70( 100 nm�� �
 �:;< =û ü à ¿ ç è �k l =D o F

4û ü ¿ ç è \ Ö ¼ ½ o p�û ü ¼ ½ �  7 61.7'58.9( 34.9 %�� 

 

Papadimitriou³´ (2008)�� �
 �:;< => ? dorzolamidn 

pramipexole� � 	 Ì �c + ð Û ,� ! " ñX�À0 Ö Ì � 2 3 ñ

X�7 pÌ ��\ ·U VC �� R � 	 � �
 �% &ñ�4> ?C (

/ ü � _ 2 3 ñX � j u Ò�s � � 12 F ñ�, 2 3 � j � 

 

+�. / 0  

 

ó , ; - �. �/ ¦ ¤ Y 0 9 \ © �# s � â �Ñ Ò �ß 	 ,¤

¥¦ yq Ð 5 � û � 7 1 �� ¨ 2 3 � ð N æ Y 4 5 � 5 �@   7R

R ] 
 �§ ¨ � ¢ ��c�Ç ­ Û Y_ 7Ì % Ê 3V�± 6 7 Û ï 8

9 : ; (7Ñ Ò �± � < = �Ñ � > ò ? �¤ ± ´ - ��Ñ Ò �   7

@ r� : �/ E A B 4 C � h Ñ Ò � ¦ �æ º ���£ � � � Ï Ð (

, ¼ h   � � ¨ ��Ñ Ò � Ê Î 7Ï Ð Ñ Ò �Ó�2006�� 

 

���T U 1 V W X Y  
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� � �s )h   � |¢� � þ �5 �� 30-40D ò ó �4�� �

�Y��s )h   � £ �­ � ����s )h   � � � ×   s � 7f

Ë E � �� � F G g �4£ �¢��s )h   � H E e � �Y� I J

K L �� � ¦ M �� � 4i � �� � �s � 7�f� E g �4�� �

�7� � � g �� �   � � 

 

1. M N Ä g �flavanols��¤ O � �� g �catechins��Y� � �£ �­

p� � F G g �|¢ ¼ �� 75-80 %�4� �   � 7 ¯ � ?�> ¡

catechin (C)'epicatechin (EC)'epigallocatechin (EGC) / � ��(�

¬�� � �1 (gallic acid ) � epicatechin gallate (ECG) (

epigallocatechin gallate (EGCG) � � �4�� EGCG £ �­ p�¢

40~50%�� �� g �¬ X i � ´³'�� �� g Á Y� I � K L �

� ¦ M � 

 

2. M P Ä g �flavonols�(4! �·� � õ g h Q R ��z � M N �

g ¬ù ��Y� I � N ( K L � � ¦ M � ¦ � 

 

3. � N Q R ��leucoanthocyanims�: Q R �� � ª« ¬© h �4i  

� n4ª« ¬½ � R R E �� ø �s � S 
 � Þ Ø T [ �� � à  

á Ï Ð � � ��(	 � « ¬ £ ½ n4 8 U V � j � 

 

4. G 1 �phenolic acid��´ � � �1 �gallic acid�'U V 1 �courmaric 

acid�³� 

 

5. « ¬ @ 
 ù G g �´� M � �theaflavin�'� � � �thearubigin�³

  � �Y� �� g ÙÕ k � _ V�« ¬ ¨ �   �[ �� 
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³''� � �1 (� �� g �¬ X i � � 

Fig 6. Chemical structure of gallic acid and the four major catechins in  

green tea: gallic acid (GA); (–)-epigallocatechin-3-gallate  

(EGCG); (–)-epigallocatechin (EGC); (–)-epicatechin-3-gallate 

(ECG); (–)-epicatechin (EC). (Cabrera et al., 2006) 

 

 

 

 

EC 
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���Z T [ \ 1 . ] ^ _ �  
 

~ � Ç ¸ ~ k G �§ ¨ W X �> � � �� g n4« ¬
 ù �� �

ª« ¬'ª¾ 'ª � 'ªç è À Á _ V'®¬O Þ Ø © h '� 	 ·¸

� \ � � j�'	 � Þ*� ² � Ä n� � & � } ~ £ �'
 � Y ] s

t'û ü Þ £ , 8 nªÕ v ³ � � \ � � � �¤ ¦ ¦ �� ��� , ¼

h E r   �cç è � P � � � 4ª« ¬h 'û � 'ª¿ (ªÄ Å ³m

H § ¨ �À � � � 5 c EGCG�§ ¨ �EGCG � � � Z �ª« ¬'

ª DNA x s 'ª [ ] 'ª¿ (ªÄ Å ³© h � 

 

1. � J K� � �  �  

  

� ��� � N � �ªÄ Å © h (ª¾ � 9�ä � � \ � © h   �

Y EGCG�Ahmad et al., 2000��EGCG û ü � BALB /3T3 \ è � ]

^ 1 �okadaic acid�Ò � �Ä Å ì � ô � 2α �tumor necrosis factor 2α, 

TNF2α��[ �n»ô �G ��Suganuma et al., 1996��EGCG ¼ û

ü º » \ è �º � � � �lipopolysaccharide, LPS�n _ ` 2γ�interferon 

2γ�Ò � � 50 % �,� NO��Chan et al., 1995��c P �a M § ¨

� , 3V EGCG ¼ û ü � \ ] � � Ó � LPS F ¹ � � ¢ C �EGCG

ô ¼ a b â � ¾ e h c e [ F ¹ �IL222/ 2 C57BL /6 F ¹ ��¹ · ´

R h �¾ e 8 9�Varilek et al., 2001�� 3 � c j � N µ  EGCG � �

ª¾ © h � 
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2. L M  � : 

 

� � E ��§ ¨ > ¹ �� ��³ � G ¬ù � � � � ¾ � �û � _

V�EGCGn4¯ � � G g � � ¹ N � ¾ � �û � Ê M � � � �

�Staphyiococcus aureui�' s d e 
 f � �Salmonella typhi�'e ¾ e


 � �Salmonella enteritidis�'gh f � d � �Shigeilaf lexneri�'g

h f i T � �Shigella dysenteriae�� j k � �Pseudomonas 

aeruginosa�'E e k � �Escherichia coli�'l ´ m k � �Bacillus cereus�

( n o p � �Vibrio cholera��Bandyopadhyay et al., 2005��(; d q

r'd ¿ � s 
 t u k � �Helicobacter pylorl��Yanagawa et al., 

2003�'¾ v [ w � x � k � �Clostridium botulinum��y ;4¯ 7 ]

ç � (� � � [ � �Ishigami, 1991��v H E � O \ �� z �EGCG

n ECG û ü � ¾ � _ V6 4¯ � �� g ?�ª � ��´���

�tetracycline�n � , Ý ��vancomycin�¦ t � j Ò�Cheng et al.,  

2007�� 

 

3. N O  �  

 

� � G � � ¶ Ë _ V�¼ z ¶ ì � { ¨ � L �'/ Ë � � | } L �'

é Ì 1 ~ v � �� � L �' Ë Ì Ä �ö Ë �³� L �À % &o p�µ

¶ � j 6 Ò� � ¸ v � �1987��� ��� Õ  Y EGCG�� � ¹ N

ì í �¶ Ë _ V�v z ¶ ö Ë � � � » � Ä �MeSH�� � j 6 | V

�¶ Ë Ó � � � 2 �SCC�®�g ^ B ��1992�� 
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4. P Q � R  

 

� ��� � 	 � � � & � } ~ �@ 7 pp � & � } ~ � � � ��

� X � � f v 33 ` Ð 5 � � � y b � 500 � � � �� g �| 10 �

���Ù 3 £ ( `A B 4Þ � £ ��Á ¬�i j ¼ ² � Ä % &� � Á

¬�ä p � & � } ~ ² � Ä % &N � , 8 �á�2005�� 

 

5. S T U V  

 

� �� g ¼ ® � û ü \ � � �� � , � > ¹ � �� g s ¹ N � �

� � � n � � [ ê � �ä Yv ö ¸ ��4¯ O \ �@ � � Û Ü �ô }

���� �� g . Ã �s v � � �   � ù h � 
 � � j �á�2005�� 
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1�2 3 � 4 5  
 

��6 7 2 3  
 

� � � � �� E � �Chitin­�¦ M �� ¹ p � 9¬ � � �p �  � � � 

 

G � � �� ��� � �1 ��Epigallocatechin gallate�EGCG��

Sigma�Æ Ç � 

 

4¯ Ì û ��

1. Ê 1 �Acetic acid�17N��� � ¬ X � � ® � � � � � � � � 

2. Z « ¬2 �Sodium hydroxide��� � ¬ X � � ® � � � � �� � � 

3. Potassium polyvinyl sulfate soluteon (P.V.S.K)�n " Í Ì �� � �� 

4. Toluidine blue�Sigma�Æ Ç � 

5. �� � ��Cellulase from Trichoderma reesei ATCC�6.9 units/mg 

solid��Sigma�Æ Ç � 

6. / 
 0 1 2 �Sodium tripolyphosphate�TPP��n " Í Ì �� � � 

7. Folin-Ciocalteu’s phenol reagent (2N)�Sigma�Æ Ç � 

 

��6 7 8 9  
 

1. � � , �1hp?�   ¡ I , � � � ® � � � � � � � � 

2. � W � { �Tyler + � � � � { �Eedecotts � � � B Ç � 

3. I ! M Õ � , �OCTAGONDIGITAL2000?�Eedecotts � � �B Ç � 

4. ¢ Ú M £ ª ¤ ¥ , �BT-350�Yih Der � � � � � � 

5. � � ¦� þ � , �EYELAFD-5N�Tokyo � � �� � � 
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6. § ç Ø Ú & � �CANNON 50?�Cannon � � �Æ Ç � 

7. £ ª � ¨ © �TV 4000?�Tamson � � �J ª � 

8. O �ø pí � � , �CS 120GX?�Hitachi � � �� � � 

9. ø « & ç è % ¬ , �SONIFER�Branson � � � ­ Ç � 

10. ® ] :;=D (r H I § � W ¯ �Zetasizer Nano 3000HS?� 

Malvern Instrument � � � B Ç �  

11. K ° M I �N O P �JSM 7000F?�Jeol � � �� � � 

12. ± ² � L ³ � ~ ¯ " ´ ¯ �IR Prestige-21?�Shimadzu � � � 

� � � 

 

&�: ; < =  
 

���� � � 	 � � �  
     

µ P � � � � Ù � � `�Õ � �t ± � � 40-60 mesh < =��

� � �# ú � �2004��m V �+� � � 	 Ø 57 % (w/v) NaOH)*

�20 mL/g chitin��c 100 ±2�� ª &f
� 160 min��` ¬ ¶ NaOH

� *( Ä � é � ¶ Â � �
 � ¬ ¶ NaOH;�h pH�þ ��80��8 

hr��A B 4 ¬ � � &@ jtE � 85 % ¬ � � &�� �
 �� 

 

���` a � � � � � � 	 � � �  
 

# ú Qin³´ (2004)( Lin³´ (2005)�� � ��
 � �
 ��

� � m V �j 1g �� �
 ��Mw 481.3 kDa�)
 � 100 mL� 0.2M

Ê 1 )*��! " 1 % (w/v) � �
 �)*�� 4N NaOH L� )* pH

; 5.0 �©� 	 Ø # $ % &�1.0'2.5'5.0'7.5( 10 mg/g chitosan�
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��� � ��cellulase�6.9 units/mg solid��� 37�� ¨ ¤ ¥ 8 9 12

F ñ`� ² · 	 ] �100��15 min�� ¸ � � �_ V� ¹ )*¦ B

; º ª �� 4 � ý » Õ ý )*�ß V 4N NaOH L� )* pH; 7.03

� �
 �W ë �W ë �ÙÕ � t pí � � �21000¼g�30 min�'� Â

¬ ¶ è g `�¦� þ ��A B 4� ��@ jt ¨ I � ���� �
 �

�
 ��chitosan hydrolysates�CS�� 

  

+�6 7 4 5  
 

���� � � 	 -�� b c d �CS-TPP�� � * +  
� � �  

     

# ú Calvo³´ (1997)�� �
 �:;< =� � m V �� �
 �

�-NH3
+ group � I J ./ 
 0 1 2 �sodium tripolyphosphate�TPP�

�-P3O10
5-'-HP3O10

4-(-OH- group i I J [ \ � �] � _ V

�ionic-crosslinking� �   � �
 �:;< =� 

 

1. pHW CS-TPP:;< = X Y Z[\ ] ^  

 

+� �
 ��Mw 481.3 kDa�)� 1 % (v/v)� Ê 1 ��34% &

7 2.00 mg/mL�L4 pH; 3.4(original)'4.7( 6.04p ~ + TPP)

� ¬ � ����7 0.84 mg/mL�% &�@ + TPP)*L pH; 3.0'

5.0( 9.0(original)�<  j 5 mL�# $ pH�3.4'4.7( 6.0��� �


 �)* 1 � û Ø 2 mL�# $ pH�3.0'5.0( 9.0�TPP)*��

3t CS/TPP 5 �6 7 6/1�)*
� 1 hr`�S T 4 ½ ¾ *� º S

?@ �ß + ½ ¾ *� � �16000×g�30 min�15���t � � ��²
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CS-TPP:;< =�@ A B 4=D � 

 

2. _ ` a b I D c � CS/TPP d c e W CS-TPP f g h i Z 

[\ ] ^  

 

+# $ � ���Mw 481.3'353.3'163.2( 85.2 kDa��� �


�)� 1 % (v/v)� Ê 1 �� <  ! " 0.67'1.00'1.34'1.68( 2.00 

mg/mL�% &(L pH; 4.7�<  j 5 mL,- � �
 �)*�1 �

û Ø 2 mL TPP)*�0.84 mg/mL�pH 9.0���3t � n*� CS/TPP

5 �6 7 2/1'3/1'4/1'5/1( 6/1�
� 1 hr�	 Ø 1 mL� 1 % (v/v)

¿ F�ß 
� 5 min`�� � �16000×g�30 min�15���t � � ��

² CS-TPP:;< =�@ A B 4=D 'G H I J ( SEM Q R S T � 

 

���� � � 	 -�� b c d -EGCG�CS-TPP-EGCG�

� � * + � � �  
    

1. TPP j A \ pH WklIDc_`ab+' EGCG \m �

� CS-TPP-EGCG f g h i i n Z [ \] ^  

 

#ú Zhang( Kosaraju (2007)�²+# $ � � ��481.3'353.3' 

163.2( 85.2 kDa���� 
 �<  )� 1 % (v/v)� Ê 1 ��34%

&7 2.00 mg/mL�@L pH; 4.7�p ~ �+ EGCG<  	 Ø # $ pH

�3.0'5.0( 9.0�� TPP)*�0.84 mg/mL��34%&7 0.5 mg EGCG 

/mL TPP solution�
 � )
 10 min�+ 5 mL , - �� 
 � À û)*

1 � û Ø 2 mL£ EGCG� TPP)*�}ñ EGCG%&( CS/TPP5

�6�  7 0.2 mg/mL CS solution( 6/1�
 � 1 hr�	 Ø 1 mL� 1 % 



 45 

(v/v) ¿ F �ß 
 � 5 min`�� � �16000×g�30 min�15���t�

� � �² CS-TPP-EGCG:; < =�j , µ *A EGCG£��� Á 4

>? C�@AB 4< ==D � 

 

2. CS/TPP d ce WklIDc_`ab+' EGCG \m �

� CS-TPP-EGCG f g h i i n Z [ \] ^  

 

+ 1 mg� EGCG)� 2 mL TPP)*�0.84 mg/mL�pH 9.0­�

10 min�j 5 mL # $ %&�0.67'1.00'1.34'1.68( 2.00 mg/mL�

�# $ � � ��481.3'353.3'163.2( 85.2 kDa���� 
 �)*�pH 

4.7��<  1 � 	 Ø 2 mL£� EGCG� TPP)*��}ñ EGCG/ 

CS solution( CS/TPP5�6�  7 0.2 mg/mL ( 2/1'3/1'4/1'5/1

( 6/1� 
 � 1 hr� 	 Ø 1 mL� 1% (v/v)¿ F �ß 
 � 5 min`�+

½ ¾ *� � �16000×g�30 min�15���t�� � �² CS-TPP-EGCG

:; < =�j , µ *A EGCG£�� � Á 4>? C�@AB 4< =

=D 'GH I § �( SEM S T Q R � 

 

 

 

 

 

 

 

 

 

 

EGCG ¼ £��

EGCG ¼ £�Â , µ *�At�EGCG£��
= X 100 EGCG>'� (%)  
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3. EGCG o p WklIDc_`ab+' EGCG \m � � 

CS-TPP-EGCG f g h i i n Z [ \] ^  

 

+ 0.5'1.0'1.5'2.0( 2.5 mg EGCG �  )� 2 mL TPP)*

�0.84 mg/mL�pH 9.0 )� 10 min�<  j 5 mL�# $ � � ��481.3'

353.3'163.2( 85.2 kDa���� 
 �)*�2.00 mg/mL�pH 4.7�

1 � 	 Ø £� EGCG� TPP)*��}ñ CS/TPP5�67 6/1(

EGCG%&�  7 0.1'0.2'0.3'0.4( 0.5 mg/mL CS solution�
 �

1 hr �̀	 Ø 1 mL� 1% (v/v)¿ F �ß 
 � 5 min �̀� � �16000×g�

30 min�15���t�� � �² CS-TPP-EGCG:; < =j , µ *A

EGCG£�� � Á 4>? C�@AB 4=D � 

 

���� � � 	 -�� b c d -EGCG � � * + ) e f

g h A � pH �4 i �  
 

1. CS-TPP-EGCG f g h i \X Y  

 

+ 1 mg EGCG)� 2 mL TPP)*�0.84 mg/mL�pH 9.0­� 10 

min�<j 5 mL # $ � � ��481.3'353.3'163.2( 85.2 kDa���

� 
 �)*�2.00 mg/mL�pH 4.7�� 1 � 	 Ø 2 mL£� EGCG�

TPP)*��3t CS/TPP5�67 6/1�
 � 1 hr �̀� � �16000×g�

30 min�15���t CS-TPP-EGCG:; < =�@j , µ *A EGCG

£�� � Á CS-TPP-EGCG:; < =� EGCG£�� 
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2. q r sAt8pH 1.29\u v � 8Zhang and Kosaraju, 20079 
 

+ CS-TPP-EGCG:; < =" � 6 mL è 1 1 Ô )* 

�pH 1.2�� 50 mL / ð Ã � Ä �� £ ª � ¨ © � ¤ ¥ �37��75 

rpm��Å ñ 0.5'1( 2Fñj ë 0.5 mL)* À û�AB 4 EGCG�

£�@�fË � M � Á 4ñX " � EGCG� 2 3 C�$ ñß 	 � 0.5 

mL è 1 1 Ô )*�3 Ä ¸ � � ¦ B · � � 

 

Wn = Cn×V + Vs×Σ[C(a-1)] 

Wn / W ×100 = ñX " � EGCG 2 3 C�%� 

 

Wn�ñX " � EGCG ¼ £�     

W�CS-TPP-EGCG:; < =� EGCG ¼ £� 

n,a�j À t �                 

C�AB EGCG�%& 

V� ¼ )*· �                

Vs� ð j À û · �  

 

3. q r wAt8pH 7.49\u v � 8Zhang and Kosaraju, 20079 

 

+ CS-TPP-EGCG:; < =" � 6 mL 01 1 Ô )*�pH 7.4�

� 50 mL / ð Ã � Ä � £ ª � ¨ © � ¤ ¥ �37��75 rpm ­�Å ñ 0.5'

1'2'3'4'5( 6Fñj ë 0.5 mL)* À û�AB 4 EGCG�£

�@�, - � M � Á 4ñX " � EGCG� 2 3 C�$ ñß 	 � 0.5 mL

01 1 Ô )*�3 Ä ¸ � � ¦ B · � � 
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>�? @ 4 5  
 

���� � � 	 j k l m n �o i  
    |j 0.02g �� 
 � À û( + � û�@ Æ Ç 4 4 È 5���ß)

� 10 mL� 0.2M Ê 1 ��º ª f 
 � ¦ Fñ` 	 Ø 40 mL � É � \

2 · � � ± ;j 5 mL À û)*�û B ¸ 8 	 Ø 0.5 mL� toluidine blue 

ê � Ó �� N/400 potassium polyvinyl sulfate solution�P.V.S.K�× :

û B �û B ;)*º Ê N Á   � Ë N �G µ )* ± � û B Ì � �UV

+ � û� û B �.5�n À û� û B �n5� - � Á ² s S À û�

¬� � &�Toei and Kohara, 1976�� 

 

���� � � 	 � � � �o i  
 

#úWang et al. (1991)UV § ç Ø Ú & � AB �� 
 � À û)*

Ú &@�4 % y� � ��²+ 0.10g�� 
 � À û)� 200 mL� 

0.2M CH3COOH /0.1M CH3COONa ) Í ��! " 0.01'0.02'0.03'

0.04n 0.05 g/dL ���� 
 �)*%&�C�g/dL��j 7 mL) Í

(<j 7 mL , - �� 
 � À û)*�\ Ø § ç Ø Ú & � (Cannon)��

A�)*Ô Õ § ç Ø Î , f ¯ � ¨ I ñX �AB / 5 Ï ��ñX %

y� £ ª � ¨ © ª & � B 30 ±0.05�� s t ± �fË <� � � 

 

) Í �0.2M CH3COOH /0.1M CH3COONa�)*Ô Õ § ç Ø Î , f ¯

� ¨ I ñX �t0  

_`abj A)*Ô Õ § ç Ø Î , f ¯ � ¨ I ñX �t  

x y z { p | } ~ � � �K 

) Í �0.2M CH3COOH /0.1M CH3COONa�)*Ú &�ηsolvent = Kt0 
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�� 
 � À û)*Ú &�ηsolution = Kt 
R v Ú &�ηr = ηsolution /ηsolvent 

6Ú &�ηsp = (ηsolution –ηsolvent) /ηsolvent 

ô i Ú &�ηreduced = ηsp / C 

+, - � � â Ø Huggins Plot �ηsp/C V.S. C� n Kraemer Plot 

�ln(ηr/C) V.S. C���t m � Ú &�intrinsic viscosity�,�η�� 

�η�=(ηsp / C ) C→ 0 = (ηreduced) C→ 0 , 
¨ t� m � Ú &�η�ßâ Ø Mark-Houwink Equation ï s �t��


 ��Ú & % y� � �� 

 

Mark-Houwink Equation m ¶ M ��η�l k MW a    

k = 1.64 × 10-30 DD14 

a = -1.02 × 10-2 DD +1.82 

# $ ¬� � &�� 
 �� Ð�n Ñ��´G��}� � ð V Ò Ó %� �

&��� 
 ���

 

G�'# $ ¬� � &�� 
 �� k�n a� 

Table 4. k value and a value of different deacetylated degree of chitosan  

 

Solvent Degree of deacetylation (DD%) k (dL/g) a 

69 0.104×10-5 1.12 

84 1.424×10-5 0.96 

91 6.589×10-5 0.88 

0.2M 

CH3COOH 

/0.1M 

CH3COONa 100 16.80×10-5 0.81 

(Wang et al., 1991) 
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���� � * + + p q r s t u �o i  
 

UV:; =D ( r H I § � W ¯ �Zetasizer Nano�AB :; < =

EF(GH I J�7 � æ ´ Ô A ± Õ Ö ³ < =uE� × � �� � ¸ ¨

� À û ³ )* 9 � 0.45 µm Õ ý Û Õ ý ß� � :; < =�+ CS-TPP

:; < =(CS-TPP-EGCG:; < = ½ ¾ � 3 mL� 1 % tween 20 )

*��3Vø « & ç è % ¬ , % ê À û�40% duty cycle�20 secs��

3< =y Ø � ê �)*��¹ µ " 10-15 min`�j 1 mL , � )*�

� P @ " ê ] V �dynamic light scattering method�AB =� =D E

F�+ CS-TPP :; < =( CS-TPP-EGCG:; < = ½ ¾ � 5 mL�

0.1 mM KCl )*��AB À ûGH I J� ¨ � À û � AB / t ��

4 % y��mean ÙSD�� 

 

���EGCG v � �o i  
 

V ¼ G �� W �total phenolic assay�� folin-ciocalteu m V

�Kujala et al., 2000��AB , µ *� f >? � EGCG ¼ £���� �

� 1 �gallic acid�7 + � û × : AB �j 0.5 mL # $ %&�5,10,15,20

( 25µg/mL�� � � 1 � 15 mL � Ø ��	 Ø 0.5 mL� folin-ciocalteu 

� Ó �1N��� ù y Ø @ µ " 5 min `�Ú 	 1 mL� 20% Na2CO3 c

º ª f µ " 10 min�+)*� � �1000 rpm�8 min�3 � � � .)

*� � �j , � È µ *�UV� " " ´ ¯ A� & Ö 730 nm�Ü Ý ��

@ ~ � }Ü " �.� � � 1 %&�� ø � ë + � ) ¯ � Û Ü M �j À

û , µ *j â + � û�@ � Q R $ m M × : 8 9.Ü Ý �A��² s

� Á ë , µ *� f Ê >? � ¼ EGCG£�� 
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���� � � 	 w�� b c d x EGCG y �R z { (  
�cross-linking� 
 

CS-TPP:; < =( CS-TPP-EGCG:; < =Ù ¦ � þ � �jt

4 � Ý < =� ^ � � V�+ CS � Ý 'CS-TPP:; < = � Ý (

CS-TPP-EGCG:; < = � Ý �  . KBr� 1�996 Â § � � n�U

V ± U � L ³ � ~ ¯ " ´ � W �FTIR�A� & � 400-4000 cm-1�X

�Ü Ý " ´ � 

 

�|�} ~ � t � � M � �SEM�� �  
 

CS-TPP-EGCG:; < =�¬ � � � � t 8 ? � � � Â _ V�¬

¶ À û�� è g �ß+< =? ½ � 1 mL¬ � � � ��cø « & ¤ ¥

, f ¤ ¥ 30 min`� ¦ � þ � �+ À û�� � Ù � ¬ ¶ �N O P S

Þ ¸ �+ À û þ � ß ���ß�� �  Û , + À û à , ¦ � 	 R á &

�~ Ê `�m ¼ S T Q R � 

  

A�* B ? @  
     

� � � � SAS â ã Q · × : � ä , � � �completely randomized 

desigin�@�Á � � W �ANOVA�( Duncan’s new multiple Range test

6u À û X � � N � h�p < 0.057�N � � � � 
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C�D E � F G  
 

���: ; < =  
 

���� � � 	 �� �  
 

�� � Ù Õ p ª (® « C � `� I 3t�� � i � , � � � » 

�- NHCOCH3�acetyl group�¬ ¶ �L Á   �»�-NH2�amino group��

7�� 
 ��� � � �#ú��2004�� � m V � 6 � � E� 85 %

¬� � &��� 
 ��q r � 1g chitin/20mL NaOH�57 %�w/v�6

Â c 100 ±2å� ª &f 
 � 160 min�i js +�� 
 �¬� � &;

91 %�º �p¬� � &�� 
 �)
 c1 h)*�ñ�� �p& ç �

� � Õ h�s �7pv e Ú Û �Ü  ½ �(s $ ñh� % & e Ú Û ,

� tight junctions��U�Ì � '�� � � ³ � é Ü Ý �Huang et al., 

20044Lin et al., 2005��Wu( Du (2003)§ ¨ ê ë � 	 �� 
 �¬�

� &�75.5-92 %��s � 	 BSA�>? C(	 � BSA� 2 3 í C� 

 

���` a � � � � � � 	 �� �  
 

� � � � � 
 �� 
 �� � # $ � � ��� 
 ��4 þ ¦ h 

p�[ Cp�À 8 9�j Ò �� � � j 91 %¬� � &��� 
 ��Mw 

481.3 kDa�Ù # $ %&�� � � � �6.9 units/mg solid��1.0'2.5'

5.0'7.5( 10 mg/g chitosan�� 
 12Fñ`�s � � ë # $ � � �

��� 
 ���  7 353.3'262.2'163.2'125.0( 85.2 kDa�³¾��

48 9�ß\ h Ò �s � ë �� � ���� 
 �� 
 � �chitosan 

hydrolysates�CS�; 85.2 kDa�c ¦ X m H � æ � h� � � � 9V 
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Fig 7. Effect of cellulase concentration on the degree of chitosan  

hydrolysis.  
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�� � �� � ���� 
 ��� �ª Ä Å © h�Qin et al., 2004�( 

´ R © h�Wu and Tsai, 2004�³ � �� 

 

���� � � � -&� H I JKCS-TPPL 
� � , - # < =  

 
���� � � �  
 

�� 
 �)�1 h)*ñ�÷ l � I J��»�-NH3
+��R4)

*� pH © ¤ 4 pKa~6.3�4-NH3
+I ß& L 7# � I J�-NH2�TPP

)� �ñ�pH|7 9.0 (original)�4)* ÷ l i I J7-OH-'-P3O10
5-

(-HP3O10
4-4R TPP)*c pH 5.0ñ� ï ÷ l -P3O10

5-(-HP3O10
4-4

� TPP)*c pH 3.0ñ�Ù � 
 � 7-P3O10
5-�R TPP)*.�� 


�)* � ù ñ� 3 � i I J I ^ R ç è .�� 
 ��-NH3
+ [ \ � �

] � 8 9�Mi et al., 1999a,b4Ko et al., 2002�� 

 

³E�a� ¨ µ �� 
 �)*c pH 3.4(original)<  . TPP)*

c pH 3.0'5.0( 9.0 ] ^ _ V�º ò ; ó ��º ³� Þ ë 3 � � ù )

*y ÷ È µ P �}â Gy � �   CS-TPP < =�}s ¼ ô �� 
 �c

pH 3.4)*��4i � , � �u � � I J�-NH3
+ group��^ R é ê

_ V3t�� 
 �i � �   Ö ¥ P �  G ë ì { P @ ��4� � �o

E�� � ¥ o Ö �Mi et al., 1999a�(´³í)�3 TPP� i I J.�

� 
 �# � [ \ � � ] ^ _ V�# � �   Á O < =�³E�b� ¨ µ

�� 
 �)*c pH 4.7<  . TPP)*c pH 3.0'5.0( 9.0 ] ^ _

V�º ò ; ó ��º ³� Þ ë )* ÷ l ¹ N � a ~N ½ ¾ *�G 

µ �� 
 �. TPP ] ^ _ V �   CS-TPP:; < =�}s ¼ ô �� 
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(a)                             (b)  

(c) 
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 01 2 :; < = ½ ¾ *� º S � W � 

Fig 8. The suspension of CS-TPP nanoparticles by visual observation.  

(a) CS solution’ pH 3.4 (original) and TPP solution’s pH 3.0, 5.0 

and 9.0 (left→right); (b) CS solution’s pH 4.7 and TPP solution’s 

pH 3.0, 5.0 and 9.0 (left→right); (c) CS solution’s pH 6.0 and TPP 

solution’s pH 3.0, 5.0 and 9.0 (left→right).  

(CS Mw: 481.3 kDa; CS/TPP mass ratio: 6/1) 
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Fig 9. Ladder-loop transition of chitosan-TPP complex structures:  

(a) ladder type; (b) loop type. (Mi et al., 1999a)
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�)*c pH 4.7ñ�4 ¥ , � � e � � f 
 � ��»�-NH2 group��

3i � ÷ l e � ï ) P �3i � 6 ì { P @ i � u7g B ��. TPP

i I J[ \ � � ] ^ _ V�� �   O · < =�Mi et al., 1999a��´³

í��³E�c�̈ µ �� 
 �)*c pH 6.0<  . TPP)*c pH 3.0' 

5.0( 9.0 ] ^ _ V�º ò ; ó ��º ³� Þ ë )*�< =[ \ 
   �

� l � �< =EF � �:; { nO ; { �X �À < =EF� À w x ð

�ã�2004��4< =uE� i ô �º � CS-TPP � ù )*� pH7

6.0ñ6.1� © ¤ �� 
 �� pKa~6.3�3�� 
 �Á h�)
 h� �

4)*Á 7 
 P '�� � �   �� 
 �< =< =E�� ù , - i j�

t S ��� 
 �)*c pH 4.7f�CS-TPP� ½ ¾ *��� 
 �< =

7:; { �� TPP)*� pH 9.0ñ�/ � i I J�-OH-'-P3O10
5-(

-HP3O10
4-�� * æ ��.�� 
 ��-NH3

+k \ _ V[ \ æ � CS-TPP 

:; < =� 
 P u%�� 

 

���TPP � � pH �w� � � 	 � � � wCS/TPP 9

� � � CS-TPP � � * + + p �� �  
 

    º , - º S S T ��� 
 �)*� pH 3.0� pH 6.0 # ò � �

CS-TPP:; < =� * � � � �f� ��� 
 �)* pH 4.77 À û�

= > # $ pH� TPP)*(# $ CS/TPP5�6v # $ � � ��� 


�[ \ CS-TPP:; < ==D � Û Ü � 

 

1. TPP)* pH� v CS-TPP:; < ==D � Û Ü  

 

G� ¨ µ # $ � � ���� 
 �)*�pH 4.7�<  .# $ pH

�3.0'5.0( 9.0�� TPP)* � ù _ V[ \ ] � 8 9�CS-TPP  
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G�'�� 
 �� � �(/ 
 01 2 )* pH v �� 
 �-/ 
 01 2

:; < ==D � Û Ü � 

Table 5. Effect of CS molecular weight and pHs of TPP solution on the 

particle size of CS-TPP nanoparticles.  

 

 Particle size (nm) 

CS Mw ( kDa ) 85.2 163.2 353.3 481.3 

TPP solution’s pH     

3.0 226.6 ±8.7 Ca 242.0 ±5.0 Ca 253.5 ±8.5Bab 250.8 ±3.3 Ab 

5.0 250.5 ±2.0Bab 262.6 ±2.8 Ba 241.9 ±8.1Bbc 237.1 ±4.9 Bc 

9.0 (original) 315.2 ±3.1Aa 297.7 ±1.5 Ab 278.9 ±1.8 Ac 256.9 ±5.9 Ad 

* CS solution: pH 4.7; CS/TPP mass ratio: 6/1. 

* The result of particle size (nm) as mean ±SD (n=3). 

* A-B mean in the same column (TPP solution’s pH) with different 

superscripts are significantly different (p < 0.05). 

* a-d mean in the same column (CS Mw) with different superscripts are 

significantly different (p < 0.05). 
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:; < ==D EF�i j�i jN µ �c TPP)*c pH 3.0( 5.0

f��� 
 �� � �v � CS-TPP:; < ==D EF@ � ¹ N �� �

h�< =D | 226.6-262.6 nm�ä TPP )*c pH 9.0f� ï ä � �

� 
 �� � �o F�481.3-85.2 kDa��CS-TPP:; < ==D � ¥ o

E�256.9-315.2 nm��ó As ¼ Y �� � ��� 
 � 1 � û Ø TPP)

*ñ�ô 4� � ¥ ð �i � ² · D ö F�. TPP� æ E� � X ] ^

_ V�s ô � �[ \ � � ] � 8 9�3t< ==D o E� À ô TPP

)*�-OH-'-P3O10
5-(-HP3O10

4-}/ � i I J� � .�� 
 ��

-NH3
+i ù �34< ==D uE� * � 

  

     Mi ³ ´ (1999a) § ¨ ê ë TPP)* pH I Û Ü TPP�
 � P

õ�R TPP )*c pH 9.0ñ�)*�-OH-'-P3O10
5- (-HP3O10

4-/ �

i I J I ^ R ç è .�� 
 ��-NH3
+i ù �-OH- .�� 
 ��

-NH3
+ _ V7¬� � ] � 8 9��-P3O10

5- .�� 
 ��-NH3
+ _ V7

� � ] � 8 9�� �] ^ 8 9_ V� �   �� 
 �< =�´³ä��

R TPP )*c pH 5.0ñ�)*� � c-P3O10
5-(-HP3O10

4-� I .��


 ��-NH3
+[ \ � � ] � 8 9�R TPP )*c pH 3.0ñ�TPP )

*� » �-P3O10
5-� c�}ñ�� 
 ��-NH3

+.-P3O10
5-Ù � � � ] �

8 9�Bhumkar( Pokharkar (2006)+�� 
 �)*�  . TPP )*

c pH 3.0( 9.0 � ù 8 9_ V�6 º SEM S T �� 
 �-TPP � � ]

� i � �k l TPP)*c pH 3.0ñ�4Û GH i � u7 � � � ö '

F�� TPP)*c pH 9.0ñ�4Û GH i � u7 ÷ ê � ö ' uE� 
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Fig 10. Ionic interaction of chitosan in pentasodium tripolyphosphate      

queous (a) deprotonation, (b) ionic crosslinking.  

(Mi et al., 1999a) 
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2. CS/TPP5�6v CS-TPP:; < ==D � Û Ü  

 

+# $ %&�0.67'1.00'1.34'1.68( 2.00 mg/mL��# $ �

� ��� 
 �)*�pH 4.7��1 � û Ø TPP)*�0.84 mg/mL�pH 9.0�

��3 CS/TPP5�67 2/1'3/1'4/1'5/1( 6/1�
 � _ V�[ \

CS-TPP:; < =�4=D EFi j´³ä¦ � � ø �� 
 ��� �

�EF�CS/T PP5�6o E�4 CS-TPP:; < =�=D o E 

�w x 7 232.8-315.2 nm�4 i ô 7 CS/TPP5�6uFñ�G µ �

� 
 �� � �-NH3
+ # � �3 CS-TPP-CS ] � _ V# ù � � �   uF

� CS-TPP < =�Gan ³ ´ (2005)�# $ %&�0.05-0.3 %�w/v��

�� 
 �)*. � B %&�0.7 mg/mL�� TPP)*8 9�CS/TPP

5�67 3/1-7/1�� � �� 
 �:; < ==D � � ú û i jR ü � 

 

c�� 
 �� � �� Û Ü � z �� CS/TPP5�6 6/17 Â �4

� � �o F�Mw 481.3'353.3'163.2( 85.2 kDa��4< ==D o

E�256.9'278.9'297.7( 315.2 nm�� ó As ¼ �� � ���� 


��4)*Ú &u�� ² · D ö F�. TPP [ \ ] � _ V � � �i

j�Ko ³ ´ (2002)+# $ � � ��2.5×106-6.5×106 Da���� 
 � a

¬ *�O/W emulsion� � Ø TPP)*�pH 5.0��� � �� 
 �O ;

< =�=D EF7 500-710ým�× ¦ Ð �K L � I � N O P �SEM�

S T O ; < =i � �k l �� � ���4¸ e i � u ÷ ê �ö ' E�

ô }� � � 85.2 kDa�4=D i � s ¼ u7 ÷ ê �õ   =D uE� 
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Fig 11. Effect of CS molecular weight and CS/TPP mass ratio on the 

CS-TPP particle size. 

 ( CS solution: pH 4.7; TPP solution: pH 9.0)  
A-D mean in the same bar (CS/TPP mass ratio) with different  

superscripts are significantly different (p < 0.05). 
a-d mean in the same bar (CS Mw) with different superscripts are 

significantly different (p < 0.05). 
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3. CS-TPP:; < =�GH I J 

 

º G'�s S ¨ � CS-TPP:; < =�GH I Jy7� � I �4

$ Á w x | +25.1~ +28.8 mV��� 
 �� � ��EFv < =GH I

J� Û Ü @# ¹ N �}i j.Wu ³ ´ (2005)R h �_ �� 24-360 kDa

��� 
 �. TPP � � ] � 8 9� � CS-TPP:; < =�4GH I J

@ � N � � � h�|+45 mV ò ó �CS/TPP5�67 2/1��I Ju

4¯ CS/TPP5�6� þ � � �ô 7�� 
 �%&u��CS � � I

J�4CS/TPP5�67 3/1-6/1��ß�� 
 �%& � 	 �4GH I

J@ � ¹ N � � �} i ô s ¼ �� 
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 �� Ú # Ê >? c< =�� TPP � � � i I J.�� 
 ��

� I J8 9 Ù � � * � 
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Table 6. Zeta potential (mV) of CS-TPP nanoparticles. 

 

 Zeta potential (mV) 

CS Mw ( kDa ) 85.2 163.2 383.3 481.3 

CS/TPP mass ratio     

2/1 26.0 ±0.7Bab 27.0 ±0.4 Aa 25.1 ±0.6 Bb 25.1 ±0.6Bb 

3/1 27.9 ±0.7 Aa 27.6 ±0.2 Aa 27.4 ±1.0 Aa 27.5 ±0.9 Aa 

4/1 27.4 ±0.5 Aa 27.4 ±0.5 Aa 27.5 ±0.6 Aa 28.0 ±0.4 Aa 

5/1 27.9 ±0.2 Ab 27.2 ±0.2 Ab 27.0 ±0.5 Ab 28.8 ±0.5 Aa 

6/1 27.8 ±1.4 Aa 27.3 ±0.8 Aa 27.2 ±0.4 Aa 27.9 ±0.4 Aa 

�CS solution: pH 4.7; TPP solution: pH 9.0. 

�The result of zeta potential (mV) as mean ±SD (n =3). 

*A-B mean in the same column (CS/TPP mass ratio) with different 

superscripts are significantly different (p < 0.05). 

* a-b mean in the same column (CS Mw) with different superscripts are 

significantly different (p < 0.05). 
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���TPP � � pHwCS/TPP 9� � x EGCG � n �

` a � � � � � � 	 � � EGCG � � �� �  
 

1. TPP j A pH \Z [  

 

G¾¨ µ TPP)* pH v # $ � � ��� 
 �>? EGCG�C

�%�� Û Ü �c TPP)* 3� pH��� pH 9.0�3�� 
 �v

EGCG>? C6up��4 pH 3.0( pH 5.0� ï � N � h� � �}

s ¼ º �c TPP)* pH 9.0ñ�TPP)*� 3 � � i I J� �

�-OH-'-P3O10
5-(-HP3O10

4-�.� � I J-NH3
+��� 
 ��� � �

i ù _ V��� G + EGCG>? � p ~ TPP)* pH 9.0f�� � �

uF��� 
 �� � EGCG>? Cup� ú û �́ 481.3'383.3'163.2

( 85.2 kDa�v EGCG>? C � � |7 41.3'42.5'42.6( 47.1 %�

}s ¼ ô 85.2 kDa�c)*�� � ² · i � D ö uF À )*Ú &u

��. TPP � � s ô � � ù 8 9��� G � � u � � EGCG� * � 

 

Ko ³ ´ (2002)�# $ pH�2.0'5.0( 8.6�TPP)*.# $ � �

��2.5×106-6.5×106 Da���� 
 �[ \ ] � 8 9�� � �� 
 �O

; < =�c SEMfS T < =~ S �N µ TPP)* pH 2.0 1 h � � ñ�

4< =u � À GH ÷ " � P �i � u7 � � �� TPP)* pH 8.6ñ�

4< =GH ÷ l � � À ö ' E�i � u# � � �ô p� � ��� 
 �

)*� �pÚ &h�. TPP 8 9`34GH ÷ u7 " � 'ö ' uF�

i � u7 � � �ô }�TPP)* pH 9.0.�� 
 � 85.2 kDa��pH 4.7� 
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G¾'TPP)* pH v # $ � � ��� 
 �>? EGCG�C� Û Ü � 

Table 7. Effect of TPP solution’s pH on the encapsulation efficiency (%)  

of EGCG on chitosans of different molecular weight. 

  

Encapsulation efficiency ( % )     

CS Mw ( kDa ) 85.2 163.2 383.3 481.3 

TPP solution’s pH     

3.0 32.1 ±0.1 Ba 31.7 ±0.8 Ba 30.9 ±2.1 Ba 31.5 ±1.3 Ba 

5.0 30.1 ±1.7 Ba 28.8 ±1.3 Ba 28.5 ±1.5 Ba 29.2 ±0.7 Ba 

9.0 (original) 47.1 ±2.7 Aa 42.6 ±1.8 Ab 42.5 ±0.4 Ab 41.3 ±2.5 Ab 

* CS solution: pH 4.7; CS/TPP mass ratio: 6/1. 

* EGCG concentration: 0.2 mg/mL CS solution. 

* The result of encapsulation efficiency ( % ) as mean ±SD (n=3). 

* A-B mean in the same column (TPP solution’s pH) with different 

superscripts are significantly different (p < 0.05). 

* a-b mean in the same column (CS Mw) with different superscripts are 

significantly different (p < 0.05). 
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� ù � � CS-TPP-EGCG :; < =�4i � u7 ÷ ê ' ö ' uE�

EGCG Ê � � , I 7p� EGCG � Ø < = ö ' �£� � 	 �34v

EGCG>? C � 	 � * � 

 

2. CS/TPP d ce \Z [  

 

³äv ¨ µ �CS/TPP5�6v # $ � � ��481.3'353.3'163.2

( 85.2 kDa���� 
 �>? EGCG�C� Û Ü �� CS/TPP5�6

¹ 2/1; 5/1f��� 
 ��� � �o F�4 EGCG>? Co p�ä

��� 
 �� � � ×  � CS/TPP5�6�4 EGCG>? CÁ ¬ � ú

û � ¥ g h �²�� 
 ��� � �¹ 483.3-85.2 kDa�4 EGCG>?

C|7 30-47 %�� CS/TPP5�67 6/1ñ��� 
 �>? EGCG

�C�7pl � �|7 41-47 % �ä 	 ��� � � 85.2 kDa�7p�

�� 
 �� � �uF� >? Cup� i ô . ¸ H > ø R h �²4� �

² · i � D ö uF� À )*Ú &� ¨ � �� CS/TPP5�67 6/1�

�� 
 �. TPP�� � 8 9i ù # ´ CS/TPP5�6 2/1-5/1 � � �

* � 5 ù � X � � EGCG � � 34>? C � 	 � 

 

Janes( Alonso (2003)��� � ��� 
 �. TPP � � ] � 8

9�CS/TPP 5�67 6/1�v � � � �>? C � 70-81%�< =[ C

p � 85 %�, �� 3/1� B » � 11-21 %�Ko ³ ´ (2002)+�� 
 �

-oil � n*� � 
 , � Ø # $ %&� TPP)*��1'10( 50 %, 

w/v��i jN µ � � 	 TPP)*%&�O ; < ==D o E�500-710 

µm��>? ¼ ½ Á I 7p�92.7-98.2 %��Deng ³ ´ (2006) ü ý t S

�� 
 �)*%& � 	 �)*Ú & � 	 î õf�3t�� 
 �>?

lysozyme ¼ ½ Ù õ �s ¼ ô )*Ú &Eõ   lysozymec)*�� ê  
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Fig 12. Effect of CS/TPP mass ratio on the encapsulation efficiency of  

EGCG on chitosans of different molecular weight.  

(CS solution: pH 4.7; TPP solution: pH 9.0; EGCG concentration: 0.2 

mg/ml CS solution)  
A-B mean in the same bar (CS/TPP mass ratio) with different superscripts  

are significantly different (p < 0.05). 
a-c mean in the same bar (CS Mw) with different superscripts are 

significantly different (p < 0.05). 
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3. EGCG op\Z[ 

 

³ä / ¨µ��#$ � � �� � 
 � >?#$ %&� EGCGv

EGCG>?C � Û Ü� ä � EGCG � %& � 	 �4>?C �N � �

f	 ú û ��#$ � � �� � 
 � >? EGCG� � ø EGCG%&p

��y� 85.2 kDa�>?C u p �} i ô .� ¸ ¨ - R $ �² 85.2 kDa

�c)*�� � ² · i � DöF�À)*Ú &u ��. EGCG s ô

� � ù �� � G �� u � EGCG� * �� 85.2 kDa� z �EGCG%

& $ Á �0.1-0.5 mg/mL CS solution�ñ�4>?C �w x 50-33 %� 

 

³ä � ¨µ�� 85.2 kD � � 
 � >?#$ %&� EGCGv

EGCG>?C (£�� Û Ü� ä � EGCG � %& � 	 �4>?C �

N � � f	 ú û ��+ EGCG>?C ³ Á   EGCG£��mg/mg 

CS�� ä � EGCG%& � 	 �4 EGCG£��N � h, 8 ú û � 

 

Hu ³ ´ (2008)�� � 
 � >?� � � 4>?C w x 7 24-53%�

Wu ³ ´ (2005)� 24( 200 kDa�� � 
 � >? ammonium 

glycyrrhizinate�i j tS� 	 ammonium glycyrrhizinate%&� ¹ N

N µ4>?C I ä �o ��Deng ³ ´ (2006)� 55 kDa�� � 
 �  

�1 mg/mL�.TPP �4 mg/mL�� ù 89 >? lysozyme�ä � lysozyme

%& 0.23 mg/mL � 	 ; 1.17 mg/mL�8�4v lysozyme>?C ¹

47.3 %f	 ; 14.4 %� 
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Fig 13. Effect of EGCG concentration on the encapsulation efficiency of 

EGCG on chitosans of different molecular weight. 

( CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass ratio: 6/1 )  
A-D mean in the same bar (EGCG concentration) with different 

superscripts are significantly different (p < 0.05). 
a-c mean in the same bar (CS Mw) with different superscripts are  

significantly different (p < 0.05). 
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Fig 14. Effect of EGCG concentration on the encapsulation efficiency of 

EGCG and EGCG content on the chitosan.(CS Mw: 85.2 kDa)  
A-C mean in the same bar (EGCG concentration) with different  

superscripts are significantly different (p < 0.05). 
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���TPP � � pHwCS/TPP 9 � � x EGCG � n �
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+ 0.5'1.0'1.5'2.0( 2.5 mg EGCG �  )� TPP)*�0.84 

mg/mL�pH 9.0��EGCG%&�  7 0.1'0.2'0.3'0.4( 0.5 mg/mL 

CS solution��)* 
 � 10min�@ + 3 � � ù *�<  	 Ø #$ � �

�n#$ %&�� � 
 � )*�pH 4.7��3 CS/TPP�#$ 5 �6 �


 � 89 �� � �j ë CS-TPP-EGCG : ; <=�@ A B 4=D EF� 

 

1. TPP j A pH W CS-TPP-EGCG f g h i i n \Z[ 

 

GE¨µ TPP)* pHv#$ � � �� � 
 � >? EGCG : ;

<==D EF� Û Ü�c#$ pH� TPP)*f�� � 
 � � � �o

F�4=D o E ú û �<==D | 266.1-438.1 nm� ó A s ¼ Y ��

� �� � 
 � 1 � û Ø TPP)*ñ�ô 4� � ¥ ð �i � ² · Dö

F�. TPP� æ E� � X ] ^ _ V �s ô � � [\ �� ] � 89 �

3t<==D o E��� � 
 � � � � 85.2 kDa�� ä � TPP)*

pH o E�pH 3.0�5.0( 9.0��=D �  7 331.9'314.8( 415.8 nm�

4=D EFu 163.2 kDa�F� ó A s ¼ 85.2 kDa��� � ¥ ð ñ�

89 *�� EGCG � c� I 3� � 
 � . TPP ] ^ _ V � 
 ¶ & Û

Ü¨ � �c TPP)* pH 9.0f�4=D EFu TPP)*c pH 3.0(

5.0f¦ tE�s ¼ º�c TPP)* pH 9.0ñ�TPP)* � 3 � � i

I J �� �-OH-'-P3O10
5-(-HP3O10

4-�.� � I J -NH3
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 �

�� � � i ù _ V �� � G + EGCG>?�[\ u E�=D � 
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Table 8. Effect of CS molecular weight and pHs of TPP solution on the 

particle size of CS-TPP-EGCG nanoparticles. 

 

 Particle size (nm) 

CS Mw (kDa) 85.2 163.2 353.3 481.3 

TPP solution’s pH     

3.0 331.9 ±0.1 Ba 294.3 ±3.5 Cb 275.7 ±5.3 Bc 266.1 ±8.2 Bd 

5.0 314.8 ±2.0 Cb 329.6 ±7.4 Ba 279.8 ±9.8 Bc 273.3 ±5.1 Bc 

9.0 (Original) 415.8 ±1.8 Ab 438.1 ±9.4 Aa 390.5 ±9.4 Ac 331.0 ±6.7 Ad 

* CS solution: pH 4.7; CS/TPP mass ration: 6/1;  

* EGCG concentration: 0.2 mg/mL CS solution. 

* The result of particle size(nm) as mean±SD (n=3). 

* A-C mean in the same column (TPP solution’ s pH) with different 

superscripts are significantly different (p < 0.05). 

* a-d mean in the same column (CS Mw) with different superscripts are 

significantly different (p < 0.05). 

 



 74 

Wu( Du (2002)> � p � � �� � 
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&7 0.2 mg/mL CS solution7 Â �4=D EF � � 7 331.1'390.5(
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Fig 15. Effect of CS molecular weight and CS/TPP mass ratio on the 

CS-TPP-EGCG particle size. 

( CS solution: pH 4.7; TPP solution: pH 9.0; EGCG concentration: 0.2 

mg/mL chitosan solution).  
A-E mean in the same bar (CS/TPP mass ratio) with different superscripts 

are significantly different (p < 0.05). 
a-d mean in the same bar (CS Mw) with different superscripts are  

significantly different (p < 0.05). 
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Janes( Alonso (2003)��� � �� � 
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Fig 16. Effect of CS molecular weight and EGCG concentration on  

the CS-TPP-EGCG particle size. 

( CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass ratio: 6/1 )  
A-E mean in the same bar (EGCG concentration) with different  

superscripts are significantly different (p < 0.05). 
a-d mean in the same bar (CS Mw) with different superscripts are  

significantly different (p < 0.05). 
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=D u E� 

 

    ³ä E # ¨µ CS-TPP-EGCG : ; <=� SEM³�c SEM³�
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Fig 17. Comparison of CS-TPP and CS-TPP EGCG particle size:  

CS molecular weight 481.3 kDa, A; 353.3 kDa, B; 163.2 kDa, C;  

85.2 kDa, D. 

(CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass ratio: 6/1; 

EGCG concentration: 0.2 mg/mL CS solution) 
* mean in the same bar with different superscripts are significantly 

different (p < 0.05). 
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Fig 18. SEM of CS-TPP-EGCG nanoparticles.  

(CS Mw: 353.3 kDa; CS solution: pH 4.7; TPP solution: pH 9.0; EGCG  

concentration: 0.2 mg/mL CS solution) 
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Table 9. Zeta potential (mV) of CS-TPP-EGCG nanoparticles. 

 

 Zeta potential (mV) 

CS Mw ( kDa ) 85.2 163.2 383.3 481.3 

CS/TPP mass ratio     

2/1 26.7 �0.7 Aa 27.4 �0.3 Aa 25.1 �0.4 Bb 27.5 �0.3 Aa 

3/1 27.2 �0.2 Aa 27.6 �0.8 Aa 27.4 �0.3 Aa 27.7 �0.9 Aa 

4/1 27.2 �0.4 Aa 27.1 �1.4 Aa 28.0 �0.6 Aa 28.1 �0.3 Aa 

5/1 27.3 �0.6 Aa 28.0 �0.2 Aa 27.7 �1.3 Aa 28.1 �0.7 Aa 

6/1 27.5 �0.7 Aa 27.2 �0.1 Aa 27.8 �0.5 Aa 27.9 �0.7 Aa 

* CS solution: pH 4.7; TPP solution: pH 9.0. 

* EGCG concentration: 0.2 mg/mL CS solution. 

* The result of zeta potential (mV) as mean ±SD (n =3). 

* A-B mean in the same column (CS/TPP mass ratio) with different 

superscripts are significantly different (p < 0.05). 

* a-b mean in the same column (CS Mw) with different superscripts are 

significantly different (p < 0.05). 
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Fig 19. FTIR spectra of CS (a), CS-TPP nanoparticles (b) and  

CS-TPP-EGCG nanoparticles (c). (CS Mw: 85.2 kDa; CS/TPP 

mass ratio: 6/1; EGCG concentration: 0.2 mg/mL CS solution).   
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Fig 20. The stability of CS-TPP-EGCG nanoparticles in the pH 1.2 buffer. 

(CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass 

ratio: 6/1; EGCG concentration: 0.2 mg/mL CS solution� 
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Fig 21. The stability of CS-TPP-EGCG nanoparticles in the pH 7.4 buffer. 

(CS solution: pH 4.7; TPP solution: pH 9.0; CS/TPP mass  

ratio: 6/1; EGCG concentration: 0.2 mg/mL CS solution� 
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Table 10. The recovery of tea catechins in artificial simulation gastric and  

intestinal solution (the pH 1.3 and 7.6 buffer). 

 

 Recovery (%) 

Time (hr) 1 2 3 4 5 

Treatment      

Water (contrast ) 96.5 93.8 91.6 90.7 89.2 

pH 1.3 buffer 49.5 49.7 43.4 40.8 40.2 

pH 7.6 buffer 85.0 79.1 75.6 72.7 69.8 
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