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Table 1l Factorsand levelsin orthogona experiments ),
A B C D E 245 nm AVM AVM-CL ,
1 600 1 1 1:0 12 (4) (x),
2 1000 0.75 1.5 2:1 9 ( 6
3 1500 0.50 2 1:2 6 X=@ x0.1)/ (mgx w) x100 (4)
4 2000 0.30 3 0:1 3 P AVM ,mg/L; mg
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Table 2 The resultsof orthogona desgn experiments
A B C D E Pl % ( ) El EI?
1 600 1.00 1.00 1/0 12 25.1 2 17.6 308
2 600 0.75 1.50 2/1 9 24.1 3 19.6 382
3 600 0.50 2.00 12 6 60.2 , ) 37.6 1414
4 600 0.30 3.00 0/1 3 46.7 , (1 25.8 668
5 1000 1.00 1.50 12 3 33.8 (5) 29.4 864
6 1000 0.75 1.00 0/1 6 , 0 0
7 1000 0.50 3.00 1/0 9 67.1 (10 58.5 3428
8 1000 0.30 2.00 2/1 12 23.9 (1) 14.4 209
9 1500 0.75 2.00 o1 9 16.6 3 15.8 250
10 1500 0.50 3.00 12 12 8.56 (5 16.8 282
11 1500 1.00 1.00 2/1 3 22.1 (2 16.0 258
12 1500 0.30 1.50 1/0 6 58.4 (10
13 2000 1.00 3.00 2/1 6 19.2 (6) 54.2 2938
14 2000 0.75 2.00 1/0 3 24.3 (5) 24.6 605
15 2000 0.50 1.50 o1 12 4.70 2mm (4) 24.6 608
16 2000 0.30 1.00 1/ 2 9 5.45 (5) 17.4 301
Ky 100 87.4 84.4 109.0 73.4 12.7 161
Kz 102 61 89.4 110 102
Ks 103 129 118 102 106
Ka 79.3 107 93.5 67.3 95.6
R 23.7 68.5 33.6 42.7 32.6
3 F , , 200 ,
Table 3 Theresult of F test 4
F
4 AVM-CL
B 632 3 211 7.80 S )
Table 4 Sze digribution of AVM-CL microcapsules
C 166 3 55.3 2.05
D 425 3 142 5.26 Mm | %
E 156 3 52 1.93 >36 2
(A+e 108 3 36 36 24 33
Fo. 05(3 ,20) =3. 10; Fo. 0]_(3 ,20) =4.94 24 12 45
12 2.4 15

<2.4 5




. 54 . 2006

3.1.2 FTIR FT-IR (1 a 2 ,
b c) ,/AVM-CL )
, AVM ; 6
2925 1037 ' B
3384 1720 '

3.2.2 ;
, 3
L Il L i - 1 1 tl |
4000 3500 3000 2500 2000 1500 1000 500 13 100
of/cm”
1 (a) (b) AVM-CL

Pl%

O
Fig.1 FT-IR sectraof avermectin (a) , chitosan/ lignosul-
fonate microcgpsules (b) , and avermectin loaded

chitosan / lignosulfonate microcapsules (c) 5 L

50
0 10 20 30 40 50 60
3.2 #/ min
1500 mPa:- s 0.5% 3 AVM-CL
2% 6 mL
Tweens0 $ando 2 Fig.3 Variationin drug loading and encapsulation eficien

cy of AVM-CL microcgosules with complex ocoacer-

vation time
, 15min
3.2.1 )
, 4mL,
, 2 t H t

10 100

8F W 80 3.2.3 ,
D\a 6 - 60 c\e ] 4
= 4+ 1 40 &

2t 4 20

03 S 7 9 n° ,

Tw
Wi IWi 4 ,
2 AVM-CL !

Fg.2 Variation in drug loading and encgpsulation eficiert
cy with core to shdl ratio of AVM-CL microcgpsules



w/ %
Pl%

4

Fg.4 Hfect of varying the amount of glutaradehyde on
the drug loading and encgpsulation efficency of
AVM-CL microcgpsules

4mL ,
, 5
60 min ; ,
60min
13 95
11F 185
= ®
3o 175 &
7+ -‘65
5 | 1 1 L 55
0 20 40 60 80 100

Fg.5 Hfect of varying crosslinking timeon the drug load
ing and encgpsulation eficiency of AVM-CL micro-

capsules
3.3 AVM-CL
AVM-CL
, 6
, AVM 4 h
99.1%; AVM AVM-CL
5% |, 15h,

0% |, 40 h; /
100
80
=
= 60
g
S 40
2 —=— AVM [RZ
0 —— AVM-CL A2
1 1 !
0 10 20 30 40 50
t/h
6 AVM-CL

Fg.6 Reease profiles of avermectin from chitosan/ ligno-
sulfonate microcgpsules compared with that of techr
nica avermectin

4
(1) / ,
1500 mPa: s 0.5%
2% Teen80 San80
2 6 mL
AVM-CL 75.2% FT-IR
/
(2
, 6 15min 4mL 1h ,
9.6% 82%
(3 /

[1] Margni M, Rosser D, Crettaz P, et al. Life cycdeinr
pact assessment of pesticideson human health and ecosys
tems[J]. Agricuture Ecosysems and Environment ,
2002, 9(3) : 379 - 392.

[2] , , . [M].

,2001.

[3] . [M]. : ,2001.

[4] , , . -

[J1. ;
2005 ,39(1) :54 - 57.



2006

[5]

(6]

[7]

(8]

[9]

[J1. ,
2005 ,17(1) :51 - 54.
[J]. :
2005 ,22(3) :212 - 214.
[J31. ,2005,
22(4) :361 - 366.
Vadliu S, Popac M, Rinaudo M. Polydectrolyte cgpsules
made of two biocormpatible natura polymers[J]. Euro-
pean Polymer Journa , 2005 ,41: 923 - 932.
. [J1. ,1999,1
(12) :6- 10.

[10]

[11]

[12]

[13]

[14]

[15]

[3]. 1995 ,1:35 - 40.
o [J].
,2003 ,14(4) :8 - 10.

[3]. 2005 ,26(1) : 1- 6.

[3]. ,2003 ,30(4) :14 - 16.
[3]. ,2005 ,3(24) :65 - 68.
[J]. 2005 ,7(3) :275 -
281.

Complex coacervation of chitosan and sodium lignosulf onate
for microencapsulation of a biopesticide

MA Li-jie ZHAOJing
(College of Materids Science and Engineering, Bejing University of Chemicad Technology , Beijing 100029 , China)

Abgtract : The biopesticide avermectin was microencapsulated with chitosan (CTS) and sodium lignosulfonate
(L-Na) by acomplex coacervation method. The reaction conditions were primarily selected usng orthogona ex-
perimenta desgn, and the microencapsulation conditions were further modified by varying the ratio of complex
to avermectin, complex coacervation time, and the amount and exposure time of crosdinkers. The optimized mi-
croencgpsulation conditions were asfollows: visosty of chitosan 1500mPa: s, wers=0.5%, w -na=2 %, voI-
ume ratio of Tween80 and $an80 2 , amount of emulsfiers 6 mL , mass ratio of core to shell 6 , complex coacer-
vation time 15min, amount of crosdinker 4 mL , crosdinking time 1 h. The resulting microcagpsules had a drug
loading and encapsulation eficiency of 9. 6 % and 82 %, regpectively. There was no chemica interaction between
avermectin and the chitosan/ lignosulfonate complex. The release characteristics of avermectin from the micro-
capsules obtained under optimized microencapsulation conditions were investigated usng in-vitro release experi-
ments, which showed that the release rates of avermectin could be effectively controlled.
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