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Abstract: To develop an environmentally friendly and controllable release formulation of thrips phero-
mone, methyl isoniotinate/a -cyclodextrin microcapsules were prepared using a saturated solution stir-
ring method. The optimal embedding conditions were determined through an L, (3*) orthogonal experi-
ment. The microcapsules structures were analyzed using infrared spectroscopy, X-ray diffraction, and
scanning electron microscopy. The release kinetics of the microcapsules were investigated, and their at-
tractant effect on thrips was evaluated in the greenhouses. The results showed that the optimal embed-
ding conditions for the microcapsules were as follows: a reaction temperature of 40 °C, a stirring rate of
800 r/min, a core-to-wall mass ratio of 0.3:1.0, and a reaction time of three hours. Under these condi-
tions, the encapsulation efficiency reached 53.16%. The microcapsules exhibited a spherical morpholo-
gy with even dispersion. The release kinetics of the microcapsules followed the Korsmeyer-Peppas mod-

el, with the release mechanism being controlled by Fickian diffusion. The field attraction results showed
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that the average number of Thrips palmi attracted by the microcapsules was 2.58 times higher than the

control and 1.96 times higher than methyl nicotinate, reaching 475.5 thrips per trap. This demonstrated

that the microcapsules had good sustained-release performance, duration, and attractant effect. These re-

sults indicated that the microencapsulation of thrips attractants can improve their stability and durability

and can be used in the development of insect pheromone sustained-release carrier products.
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Fig. 1 Diagram of methyl isoniotinate/a-cyclodextrin microcapsules preparation process
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Table 1 The results of L, (3%) orthogonal experiment on embedding conditions of methyl isonicotinate with a-cyclodextrin

e BE R LY J 0 i JEE PEFE SN [E] AR
W= ) . - S .
Factor Mass ratio of pheromone to Reaction temperature Stirring speed Reaction time Encapsulation
wall-forming materials (A) (B) (C) (D) efficiency/%
1 0.1:1.0 40 C 600 r/min 2h 36.3945.75
2 0.1:1.0 50 °C 800 r/min 3h 42.90+1.59
3 0.1:1.0 60 °C 1 000 r/min 4h 28.01+£6.39
4 0.2:1.0 40 C 800 r/min 4h 50.8945.12
5 0.2:1.0 50 °C 1 000 r/min 2h 35.75+3.38
6 0.2:1.0 60 °C 600 r/min 3h 45.11+4.47
7 0.3:1.0 40 C 1 000 r/min 3h 46.19+£1.90
8 0.3:1.0 50 °C 600 r/min 4h 40.45+£3.42
9 0.3:1.0 60 °C 800 r/min 2h 48.89+3.46
K, 107.30 133.47 121.95 121.03
K, 131.75 119.11 142.68 134.20
K, 135.54 122.00 109.96 119.35
k, 35.77 44.49 40.65 40.34
k, 43.92 39.70 47.56 44.73
k, 45.18 40.67 36.65 39.78
R 9.41 4.79 10.91 4.95

KAEEHEZRLE AT T IR R kAR KD TIME; RICRSE R 2:{H . K, is the sum of the encapsulation effi-

ciency of the i level of different factors; £, represents the average of K; R represents the range.

R2 RURER R o-AERICESEH L3 EXIKB T ES TR

Table 2 Variance analysis table of L, (3%) orthogonal experiment of methyl isonicotinate/a-cyclodextrin microcapsules

7R A SFJr A FIH ¥or 7 P
Source of variation Sum of square Degree of freedom Mean square
EESTTAE LY 469.959 2 234.979 14.937 0.000
The mass ratio of pheromone to
wall-forming materials
J2 i i Reaction temperature 115.341 2 57.671 3.666 0.046
PP Stirring speed 548.035 2 274.018 17.419 0.000
JZ T E] Reaction time 132.259 2 66.129 4.204 0.032
%2 Error 283.159 18 15.731
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h=] v o S —1 4 NARER
£ 2001 T B EATERAL & AN RS T . a-PRRHRS ) ik
£ 5ol [ wed fr 5t i IR AE 20=14.29 .12.09,11.38.21.63 %4k (&
ﬁ ook o ' 3-a) , SR TR o RPN S 28 1Y) S5 iR AT S5 06 Y
= | \/V oo e HIAE 260-19.93.12.00,12.94 ,11.20 %4k (K] 3-¢) , a-FR
L B 0 52 P 8 a-FEWBHS DA 28 1 07 S50 22
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Fig. 2 Infrared spectra analysis of methyl isonicotinate (a),

o-cyclodextrin (b), and methyl isoniotinate/a-cyclodextrin

microcapsules (c)
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Fig. 3 X-ray diffraction patterns of a-cyclodextrin (a),
gelatinized a-cyclodextrin (b) and methyl isoniotinate/

o-cyclodextrin microcapsules (c)
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Fig. 4 SEM micrographs of a-cyclodextrin (A) and methyl isoniotinate/a-cyclodextrin microcapsules (B)
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Fig. 5 Plot of accumulated release of methyl isoniotinate/a-cyclodextrin microcapsules in field greenhouses

and artificial climate chambers
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Higuchi A | &= 25 #5 #U 1 Hixson-Crowell 5% (& FECLE (8] R AN T A A 43 314 0.386 Al
4). [Fif Korsmeyer-Peppas 8l 24 RS P H 0.369, B 8E 32 REHLH] H Fickian 3 HdE 6
x4 RIBERPEE o- BRI BB N FRBEER
Table 4 Results of release kinetics model fitting of methyl isoniotinate/a-cyclodextrin microcapsules

FH [E] /o Greenhouse

N TS fBEFE Artificial climate incubator

G BUEE MRRE TRER BAEH S, THARK
Model Kinetic Correlation Diffusion Kinetic Correlation Diffusion
constant coefficient constant constant coefficient constant
F YA Zero-order model 2342 0.956 - 2.343 0.962 -
— 4 FE8 First-order model 0.044 0.983 - 0.042 0.977 -
Higuchi #7Y Higuchi model 0.150 0.982 - 0.148 0.976 -
Korsmeyer-Peppas 1575 0.073 0.985 0.386 0.073 0.982 0.369
Korsmeyer-Peppas model
Hixson-Crowell #5575 0.018 0.794 - 0.019 0.819 -

Hixson-Crowell model

—: AW MZAEFR. —: The index is not involved.
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