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Preparation, sustained release and field mating disruption of Grapholitha
molesta sex pheromone microcapsule

MA Tao, YANG Xingcui, LIN Na, WEN Xiujun, WANG Cai
(College of Forestry and Landscape Architecture, South China Agricultural University/Guangdong Key Laboratory for

Innovative Development and Utilization of Forest Plant Germplasm, Guangzhou 510642, China)

Abstract: [Objective] The preparation of Grapholitha molesta sex pheromone microcapsule was investigated,
and the sustained release effect of the microcapsule under indoor conditions was evaluated. [Method] Adopting
G. molesta sex pheromone (E8-dodecenyl acetate) as core material, octenylsuccinate starch sodium, emulsifying
starch-809, maltodextrin, f-cyclodextrin and gelatin as wall materials, G. molesta sex pheromone microcapsule
emulsion was prepared. The factors that affect the particle size distribution and encapsulation rate of the
microcapsule emulsion, including the different proportions of the core material and the wall material, the sustained

release ratio under indoor conditions and the mating disruption under field conditions were studied. [Result] The
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optimum wall material formula (mass ratio) of microcapsule emulsion was octenylsuccinate starch sodium : emu-

Isifyingstarch-809 : gelatin : maltodextrin : f-cyclodextrin=5 : 15 : 0 : 3 I 2. The optimum preparation conditions

were as follows: The mass ratio of wall material and core material was 10 - 1, the shear velocity was 10 000 /min,

the shearing time was 2 min, the high pressure homogenization pressure was 20 MPa, the homogeneous time was

2 min; During the second homogeneous, 10 g liquid paraffin was added, the homogenization pressure was 20 MPa

and the second homogeneous time was 4 min. The indoor sustained release experiments were conducted under 30,

40 and 50 ‘C. The sex pheromones released from the microcapsules could be detected on the 91st day, whereas the

unencapsulated sex pheromone was no longer detectable after 5 h. Field mating disruption study showed that

microcapsule emulsion efficacy could last for 80 d and the effects of four sex pheromone dosages of 45, 75,

120 g/hm® and 75 g/hm’ (refrigerating for one year) had no significant difference. [ Conclusion] The G. molesta

sex pheromones microcapsule emulsion significantly prolongs the duration period, and can be applied for the large-

scale mating disruption control of G. molesta.
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Table 1 Effect of different proportion of wall materials on particle size distribution and encapsulation rate of microcapsule

emulsion
FEfgs  BER TR LY T FE AR KAz /pm - BLE /%
No.of  Massratiosof  Microcapsule emulsion Particle diameter SE Encapsulation
an
sample  wall materials appearance Dy, D5 Dy P rate

1 15:5:0:3:2
2 10:10:0:3:2
3 5:15:0:3:2
4

e, FE
Al FHE
AHE, FHE

0.304+0.002a 0.733+0.005a 5.857+0.119a 7.581+0.105a 99.60-+0.02b
0.234+0.014c 0.610+0.003b 1.765+0.157b 2.467+0.287bc 99.49+0.02¢c
0.136+0.006f 0.535+0.005¢ 1.569+0.052¢ 2.672+0.130b 99.63+0.03b

35:0:0:0:0 BRAAM, AOE, B 0221+£0.00d 0.497+0.001e 1.427+0.002d 2.424+0.002¢ 98.37+0.02d

RiBA, FRIEA AR
wILAE, A2,
BHH

5 0:35:0:0:0

0.165+0.001¢ 0.359+0.000f 0.798+0.001f 1.763+0.003d 99.72+0.02a

6 0:0:20:3:2 FEM, A2, #H 0.257+£0.001b 0.518+0.000d 1.037+0.005¢ 1.504+0.008¢ 99.75+0.03a
7 0:0:35:0:0 FEMA, A2, T 0.133£0.00f 0.295£0.000g 0.580+0.000g 1.513+0.001e 99.71+0.03a

DR 3 % e 69 R E A B FH £ 7 £ 5 25 (P <0.05, Tukey HSD); 2)8 #1 % 45 €45 F 45 R 530 BT 40 L SLAL M2 5

—809, MK, & 7 M, f-ERAE

1)Different lowercase letters in the same column indicate significant difference (P <0.05, Tukey HSD); 2)The wall material

composition includes octenylsuccinate starch sodium, emulsifying starch-809, gelatin, maltodextrin, S-cyclodextrin
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Fig. 1 Effect of different proportion of wall materials on
particle size distribution of microcapsule emulsion

SRR RN IERS oA, K, 40507 5
FE i IR BE A #02 B — FE s BR T 4 S FE M, 5.6,
7 SRS IR 99.7% L4, HIX 4 ASFE
) 22 WL S 75 Y5 AR AR, AN T B AR N H L 2 72
IR RE U L R MR IE 2 R AR KM . 1~6 5
FESMI Dy b 2 M EMHEEZEEEZR, 355
TSR REMEZER, TR B Dsos Doy
I 2 JE) A 5 H R 3 M 22 R (P<0.05) . FRAE R
oy BB R RS A SRS I LT LA
3 SREMAES T HIVE e R IR MR R .
22 BEMETHELAIRERELRNEIBRE

HENF M

M 2 AT LA e, 3 ANFE S IR P 35 b A% e o B
A B R GO ANAR) TS ki), 17 B 3 2 )
B W 2 WTRAE ) 3 AN FE S ORLAS 23 AT
FR) 2 W TR A R BURRABL, 32 06 Ji= BB I A7 AE AN [ AR FE 1Y
fiu 2 /N, b DL 2 SRR IR . 3 M)
Do~ Dsg~ Doy FLARERAFAE B ZEPEZE 7 (P<0.05). 47
GH IR BI040, 2 S S
A5 T R I e A B

®2 BMEEMEEHIXHRELRNESHREHEHRNEM

Table 2 Effect of different mass ratios of wall material to core material on particle size distribution and encapsulation rate

of microcapsule emulsion

Fein BEAF. SME R WUREIAWMEM 42 /um

= . . S AR/ Y%
Y5 Mass ratio of Microcapsule Particle diameter PERE )
No. of 11 material to emulsion Span Encapsulation

0.0 wa

. Dy Ds Dy P rate

sample  core material appearance

1 5:1 AAM, REZDE, 0.294+0.006a 0.673+0.002a 1.528+0.067b 1.825+0.102b 98.93+0.02¢

FERTEEEA
2 10:1 AAM, AE 0.234+0.014b  0.610+0.003b 1.765+0.157a 2.467+0.287a 99.52+0.03b
3 40 0 1 AAE, A2, FH 0.190+£0.004c  0.490+0.001c 1.143+0.015¢ 1.942+0.028b 99.75+0.02a

DR 8 # 48 J6 09 R BN 5 F4F £ 0w £ 5+ 2.3 (P<0.05, Tukey HSD)
1)Different lowercase letters in the same column indicate significant difference (P<0.05, Tukey HSD)
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Sample 1-3: The mass ratios of wall material to core material are 5:1,
10:1 and 40:1, respectively
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Fig.2 Effect of different mass ratios of wall materials to
core materials on particle size distribution of
microcapsule emulsion
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Table 3 Effect of different shear velocity on particle size distribution and encapsulation rate of microcapsule emulsion

FEmn S BUYE S/ R AR Rif#/um Vi 3 2/%
No. of (r-min™") Microcapsule Particle diameter Soan Encapsulation
sample Shear velocity =~ emulsion appearance Dy Dsg Dy P rate

1 5000 A, NFE 0.837+0.019b 4.832+0.317a 19.088+2.074a 3.708+0.182a 99.40+0.02b
2 10 000 ABE, T2 0.891+0.007a 2.228+0.001b  5.33420.041b 1.994+0.021c  99.55+0.02a
3 15000 AEE, T4E 0.115£0.004c  0.964+0.020c  2.6210.054¢ 2.598+0.114b  99.22+0.02¢

1)1 ) $¥8 J& 69 R R B 8 A R £ 5F 2. 2(P<0.05, Tukey HSD)
1)Different lowercase letters in the same column indicate significant difference (P<0.05, Tukey HSD)
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S
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B 1~3: BIUIEE 53 519 5000, 10 000 A1 15 000 r/min
Shear velocity of sample 1, 2 and 3 are 5 000, 10 000 and 15 000 1/min, respectively
3 BYNRE X AR EFLRRE S IR
Fig. 3 Effect of different shear velocity on particle size
distribution of microcapsule emulsion
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MF 4 W7 LLE H, B30 T HI3E K, Dsg Fi
T IZW /N, 5 5 ek /N i 38 K, 0, 2 U)o AR
K15 (99.24%)<2 5 (99.54%)<3 5 (97.67%). M
Bl 4\ LR Y, &R SRR 2 A #AE O — i 14
U, 3 SR HE R ISARXT IR, 2 Sk, | S8
No 3AFEMBIRBA A G, AHBSEB. 15
525,255 3 SFRE D 17 A A7 7E B3
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(P<0.05). Z5& T RMA = A Z JORiAt 7 A1,
2 SRR TES AT TH RIS N R IT .
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Table 4 Effect of different homogeneous pressure on particle size distribution and encapsulation rate of microcapsule

emulsion
FmmS WA I/MPa R EALRRM K4/ um o (EES R
No. of  Homogenization Microcapsule Particle diameter Span Encapsulation
sample pressure emulsion appearance Dy Dsg Dy rate
1 5 FLAM, A70E 0.202£0.007b 0.718+0.001a 1.936+0.067b 2.410+0.107b 99.24+0.01c
2 20 FLAM, A2E 0237£0.013a 0.643+0.002b 1.679+0.092c 2.228+0.168b 99.54+0.02b
3 45 FLAM, TZE 0217+0.011b 0.613+0.000c 3.633+0.213a  5.602+0.364a 99.67+0.02a

DR 3 #4569 7R R N B 54 £ R £ 5+ 2 2% (P < 0.05, Tukey HSD)
1)Different lowercase letters in the same column indicate significant difference (P < 0.05, Tukey HSD)

MRFLS /%
Volume ratio

e

CO—NWAULUAINO

FiA%/um
Particle diameter

Fdh 1~3: BI5UE T35 3109 5+ 20 Al 45 MPa
Homogenization pressures of sample 1, 2 and 3 are 5, 20 and 45 MPa, respectively
4 BFRENNHARFEIRRE D HRIFM
Fig.4 Effect of different homogeneous pressure on
particle size distribution of microcapsule emulsion
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[IRE i, TR FEFLIN D1y 5 Dsy 2/, BSFE S E R
WK, LSRR E, FiEas A B (E 5) AFEEN
BRI R, 2 MEER Y Do Dsos Do 2 5 B3
HIRFHER (P<0.05). LGRS Z. BE R
FRIAZR 5 AT DO AT 5 33047 — K38 SR R i £
AT T B Y 2 1 i
2.6 AR EILRNESHREIHENZN
M 6 FTLLE H, Gt 2 AN H A, B E
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Table 5 Effect of the second homogeneity with liquid paraffin on particle size distribution and encapsulation rate of

microcapsule emulsion

WA I /g (D& EREIN KEAR/um P (EESESLA
Added mass of Microcapsule emulsion Particle diameter Soan Encapsulation
liquid paraffin appearance Do Ds Dy P rate

0 AT, AR 0.234+0.014a 0.610£0.157a 0.610£0.003b 2.467+0.287b  99.52+0.04b
10 At A2 0.067+0.000b 0.138+0.004b 0.688+0.028a 4.564+0.082a 99.61+0.01a

DR 8 #4609 R BN B F4F £ 0w £ 5 2% (P<0.05, Tukey HSD)
1)Different lowercase letters in the same column indicate significant difference (P<0.05, Tukey HSD)

—

_OO»—MUJJkkhO\\lOO\DO

TRBL A H /%
Volume ratio

Hif%/um
Particle diameter

B 1A 2: RGN E 25028 0 AT 10 g
The addition amounts of liquid paraffin of sample 1 and 2 are 0 and 10 g, respectively
5 MINRIEAE R RX MR R RRIE S HEFI
Fig. 5 Effect of the second homogeneity with liquid paraffin
on particle size distribution of microcapsule emulsion

FM L2 F, Dyon Dsg A1 Doy #HG R, T AL3 %
BT e 1 AR o, REAR AT ] (18] 6) W TR LE BT

H1 BB b TE AR, 3B 0 VA, R AL R A
TREMR, BAEBRA K. 2 MESP Do Dso
H Doy #AFAE R ZE 1 22 57 (P<0.05).
27 WEEIRENERRL SN

M7 LN B0 BT S 2K R BRI R T
T LAE Y, PG BRI MR A e s BRI 7E 5 h
F R

ME 8 FTLLE H, BT 30 C &4 FHIHEE
BERPFIRELAT 70 d mTHET 40 C &4 FHI%
R, 1870 d Z 5 HFREEHET 40 C 4T
REUHIR; THE T 40 °C 2604 FIRIREAER 42d & T
40 °C (3) (5 FH B 1135 o7 A A FH v R 35 R RO o, TS
T 40 C 040 F), M 42d £77 d HEIRES 40 'CQO)
KEHE, 40 C) FIFREL 77d FERTIHET
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Table 6 Effect of refrigeration on particle size distribution and encapsulation rate of microcapsule emulsion

T HE LR

HifZ/um

tuag! H L gl 3/ %
Aﬁﬁ, . Microcapsule emulsion Particle diameter - . °
Refrigeration time Span Encapsulation rate
appearance Dy Dsp Dy
0 ABE, A2 0.067+0.00b  0.138+0.004b 0.688+0.028b 4.564+0.082a 99.63+0.02a
2 AAE, Ar)E, i 0.12120.001a  0.328+0.001a 1.139+0.003a 3.098+0.011b 99.51+0.04b

DR 8 #48 )6 09 R BN B F4 £ 0w £ 5+ 2.3 (P<0.05, Tukey HSD)
1)Different lowercase letters in the same column indicate significant difference (P<0.05, Tukey HSD)

OO—MNWAUNRAINOD

TREL T /%
Volume ratio

1 0.1 1 10
KA /um
Particle diameter
FEd 1A 2: AATRAATE 2 A
The refrigeration time of sample 1 and 2 are 0 and 2 month, respectively
6 QTN HAR T FLIRALIE 2 RIS
Fig. 6 Effect of refrigeration on particle size distribution
of microcapsule emulsion
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Fig.7 Release profiles of Grapholitha molesta sex
pheromones from dilute solution
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Fig. 8 Release profiles of Grapholitha molesta sex
pheromones from microcapsule emulsion under
different temperature
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Fig. 9 The isotropic rates of different contents of sex
pheromones and microcapsule emulsion to
Grapholitha molesta
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