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Abstract:

silicon dioxide gel prepared via the sol-gel method using

Natural pyrethrins are encapsulated with

tetraethyl orthosilicate as precursor. Taking drug loading
rate as the evaluation index, the response surface
methodology is used to design the BBD (Box-Behnken
design) experiment to determine the optimal preparation
conditions as follows: pH is 9.02, the dosage of TEOS
(tetraethyl orthosilicate) is 0.96 g, and the reaction
temperature is 36.5 C. The drug loading efficiency and
average particle size of the microcapsules are 38.0 % and
13.5 pm, respectively. The results show that the stability
of encapsulated drug is significantly improved below
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250 ‘C. The drug loading efficiency decreases by only 6.2%
after it is stored in the dark at 4 “C for four months. The
microcapsules demonstrate a good sustained-release
property, and can effectively reduce the quality loss of the
drug at 100~200 °C. The microcapsules also exhibit a high
insecticidal activity against Culex pipiens pallens and
Aedes albopictus larvae, and are even slightly more
effective against aphids and stick insects than the original

drug, endowing them with a great application value.

Key words: natural pesticide; pyrethrin; silicon

dioxide; microcapsule; sustained release
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Fig. 1 Mechanism of synthesis of microcapsules

with silicon dioxide
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Tab.1 Settings of response surface impact factors

and level
K pH RER AR / g g/ C
KK 8.00 0.60 25
7K 9.00 0.90 35
27K 10. 00 1.20 45
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Fig. 2 Liquid chromatogram of natural pyrethrins
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Tab.2 Design and results of response surface

methodology
R pH TEOS#ntt/g  RIDRE/C #|AF/ %
1 9.00 0.90 35 38.0
2 9.00 0.90 35 35.9
3 9.00 0.90 35 35.8
4 9.00 0.90 35 37.5
5 8. 00 0.90 25 20.1
6 8. 00 0.90 45 25.3
7 9.00 0. 60 25 18.1
8 9.00 1.20 25 23.3
9 9.00 1.20 45 27.8
10 10. 00 0.90 25 23.2
11 10. 00 1.20 35 22.6
12 8. 00 0. 60 35 14.9
13 10. 00 0.90 45 25.1
14 10. 00 0. 60 35 22.3
15 8.00 1.20 35 25.5
16 9.00 0.90 35 34.1
17 9. 00 0. 60 45 19.5

X S B R 45 SR AT vk 1 R A, 4 )
PO g 7 i i TRIAREARY , EARUADL A A AR
FER , BRI AR S0 2 A X 3 24 R 5 ) I
% (p<0.05,F=60. 25>20) , FE RS FER 5, R'=
0. 966 4>0. 80, #AA Frfst — I R an=R(2) Fis «
Y=234.92—0.77A + 2.91B+ 1.72C — 0.57TAB+

0.61AC + 0.057BC — 6.1A> — 7.58B° —

17.08C 2)

AL, 34 P2 52 e K F 1 K /IMIRYR R - TEOS
Bt pH A N B . X (2) AT A B, 15 2]
QR AE R = A il e A A LR R anE 3 TR o



1342 [l o K 2 2 MCH 9K BE 2% O

% 50 %

¢ MALEGTEOSKINE. RMBEXR
B3 #FHAR=YENM thEMEEE

Fig. 3 Three-dimensional response surface and con-

tour map of drug loading efficiency
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Fig. 7 Thermogravimetric analysis of microcapsule
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capsule

2.7 MATEREMEST

Pl 9a . 9b 43 A S 2 T 4 CORA VO 381 it
FERYER 054 A B i 7 W e I o X LI 9a i)
S T, 1 Ob Hh e 2 Wk SRORL R | 3 T B S5 UK
PEFTRET Si-OH WAATEA & TEMR BRI R SE I T
Si-OH 522 5 H (1) H,O S AH 4 Si-OH JE i &, &
B F AR

TEARFIAEABI )T, S 3% DR 25 0 4 R 1 AR 4k
O 10 FTR . MR HAE 4 CF A8 A7 4 4

[P

a 01 A b 5™A

9 WMREMFEFEAFERERSEMITLL
Fig. 9 SEM of microcapsule at different storage

times

H L 82580356 6, FRET 6.2 Y0; 877 8 H 3K
IR N 19.6 Yo, FRET 48.5 Voo ARG 41 A
P BRI B SR e M b . 4N
DR R A At R e B T RIS 28 2 T 114 X SR Bk
SRR, BEE SR IS TR RO RE S , SN R IR R IR 44
Mg oe e A BV, (U R N ANB B AR,
A RO RN R . il 2 (4 — SR AR i e A
4 H N REE BB R PR P

45

e/ A
10 WEREEFARMNERARKRENL

Fig. 10 Variation of residual rate of original drug in

microcapsule at different storage times

2.8 HMHESH

2 3SR AR HERTIR 00 i M5OR 1 S IS4y o R
A W RO B B B E AR . S E I R
WENS BB KT 100 g-ml' S TETE M, 50 ~
100 g-ml" AWM, /NT 50 g-ml' K@ iEtE . Xk
AT IT ] B O TR % 2 b s i g a4y BB LA e R
PriE e ARSI T R AR R R R I 24 . = PR A 2
Fofrtsr o XoT SR SR 3% 1 2 iR it 24 A R BBURR 2l R
Bof [i] P BRI RT SR 3 s BB T8, 2 R SR R i 2 iR It 24
P REACS , 25RO R Bl 24 h Ny 2k
BT IR . U BE XS T4 G R s R
SR M2 PR TR S G 5 1 ORI, W I ik



59 1 #

i, 85 TR RERR ORI AR 25 S RERURC 2 i DI 1k B R AE

1345

T HAFEAE AR RE T BRI = 7% 2 Fh T AL

ABCR .

#3 AMENRASZSHNEER
Tab. 3 Toxicity of four common insecticides

it ugﬁiﬁﬁfﬁrw OARLC, T/ (el ) 24h LCy, FHIE/ (meel. )
IR I 4) H 0.25 0.68 2.34
SVl 0.47 1.59 3.54
Ay 1505 30.35 9.39 29.84
Bl 154.52 45.96 267. 60
3 2:5-]{3 (4] TRZEH . I SR8 AR S [T, PEAR S5 & 24417

KTV I -BE IS 11l 2% 1 LA TEOS A Bk i 3R 44
() R SR o5kt 4 T — S Ak A e 20 , 0 g 17 T 2 i
Tl &S, 254 Bk 7 B S 44t
TR SF I UE T e UL A8 S5 T S 28 1) i A 3
T 8 - B4R A% M 13,5 pm, 2525 R 5 K AE AT ik
38.0 %o FrASMHUIE #E4E 100~200 °CF #uka & 1k B
I, BA BRI IZEBRUR , 200°C R I 3 56 45 &
R WAL TR . (A 4 GRS T A
REA RO WM S o RAR B HUBE TR 1) ol s 38 w1 51
S Xoh 7 57 0 e RN ZE U 24h B 1A W R AR T X T2
Tofr i DR, ) 5 e &y o AR R R 5 A W T 4, B S B
N FHME . TEOS B U 3 AL B 58 o, 1
L g SR AV - VR R A AR T AR AR 00 TR ) S I S
AL s R R AL 2 | i 0 TR LR ] A5
45T

fE& STmk = PR :
TR T A A B SR GBS Y BT
XIS Bl M SRR AS R nT AL BRI S o
BRI Tk B SRR RS B R R

SE WK

(1] FEBRE . A BT 5 R T [ Al T 3522 % Jre iy B S IR 55

AR [T Al 25, 2021(6) : 20.
DONG Yuemin. Realistic Dilemma and legal response of
China's agricultural ~sustainable development under the
background of agricultural modernization [J].
Economy, 2021(6) : 20.

[2] NAZZARO F, ORLANDO P, FRATIANNI F, et al
Microencapsulation in food science and biotechnology [J].
Current Opinion in Biotechnology, 2012, 23(2): 182.

[3] SHCHUKINA E M, SHCHUKIN D G.
microcapsules for delivering lipid-based drugs [J]. Advanced

Drug Delivery Reviews, 2011, 63(9): 837.

Agricultural

bl coated

(5]

(6]

(8]

[9]

[10]

2002(1): 21. DOI: 10.14168/].issm.1673-4939.2002.01.009.
ZHANG Hongli.
cosmetics [J]. Journal of Eastern Liaoning University (Natural
Science Edition) , 2002 (1) : 21. DOI: 10.14168/j.issm. 1673-
4939.2002.01.009.

BV UK GBI TR e (O E AR Y LR S [T ], G
A, 2016, 38(5): 13.

LI Pingzhou. Application examples of dyeing and printing of

Microcapsule cosmetics and  liposome

microcapsules and pigments [J]. Textile Dyeing and Finishing
Journal, 2016,38(5): 13.

EL-ZAWAHRY M M, EL-SHAMI S, EL-MALLAH M H.
Optimizing a wool dyeing process with reactive dye by liposome
microencapsulation[J ]. Dyes and Pigments, 2007, 74(3): 684.
BUTSTRAEN C, SALAUEN F, DEVAUX E. Sol-gel
microencapsulation of oil phase with Pickering and nonionic
surfactant based emulsions [J].
284 237.

XUTHI X R, 2 A2, 45 R ORBR A I I 58 B FF K I
[T]. A1 B k2%, 2013, 31(8) : 1151. DOI: 10.13537/].issn.
1004-3918.2013.08.023.

LIU Yuqing, ZHAO Tianzeng, DONG lJianjun, ez al.
Research and development of natural insecticidal pyrethrins [J].
Henan Science, 2013, 31(8) : 1151. DOI: 10.13537/]. issn.
1004-3918.2013.08.023.

THEL . RARER BB Rk M BRI RO [CL//Aa o AP
SRR e—8 R ARG B AT AR SR 2
1SR DL RO EARNE) P2y, 2004 315-317.

FAN Jieru. Characteristics and technology development of

Powder Technology, 2015,

natural pyrethrins [C]// Plant protection and food security--
Proceedings of the 19th National Plant Protection Information
Exchange and Pesticide Machinery Fair. Wuhan: China
Association of Agricultural Technology Extension, 2004:
315-317.

BRLLHE , BROR . B OB R IARUE AT (], ZRUR LB
2011, 39(30) : 18605. DOI: 10.13989/j.cnki.0517-6611.2011.
30.182.

ZHAO Hongyan, ZHAO Shu. The thermal stability of
pyrethrins[ J]. Journal of Anhui Agricultural Sciences,2011, 39

(30): 18605. DOI: 10.13989/j.cnki.0517-6611.2011.30.182.



1346 [l o K 2 2 MCH 9K BE 2% O 5550 %

[11] RELHs, B/ sKORAE . BRIBAGRAOERUEELT]. SR [15] [aldE, /M, woi, 45 . D7 i SR b e il 4 L 2 ek g

Bl2£,2012,40(11) : 139. WroELI]. BRAE T, 2017, 37(9): 127. DOI: 10.16606/].cnki.
ZHAO Hongyan, LU Xiaochun, ZHANG Shuihua. Light 1ssn0253-4320.2017.09.029.

stability of pyrethrins[ J]. Guizhou Agricultural Sciences, 2012, YAN Xin, HUI Xiaoyan, GAO Qiang, e/ al. Preparation of
40(11): 139. slow release microcapsule for aromatic oil and its performance

[12] 3, ZEXUas AU . — 0 AR 63k L 2 MR iU 3% A R 45 7 study[J]. Modern Chemical Industry, 2017, 37(9): 127. DOI:
e CN201810642487.1 [P]. 2021-01-08. 10.16606/].cnki.issn0253-4320.2017.09.029.

XU Ran, LI Fengting, CUI Jingyuan. Natural pyrethrin [16] 4P, RU . IERERR S TRIY/K A A7 G BROF5E [T ). JEHLM
microcapsule and its preparation method: CN201810642487.1 B4R, 1996, 11(4): 705.
[P]. 2021-01-08. YU Xibin, WU Hong. Study on hydrolysis and condensation of

[13] Vo BA. ok, a2, 55 RZGIEEN B IT & SHRIT]. & tetraethyl orthosilicate [J]. Journal of Inorganic Materials.
IR, 2003(3): 34. 1996, 11(4): 705.

LENG Yang, ZHONG Sulin, WU Jianlan, ez al. The  [17] kM2 . ZAHAEGKRES R A5 ERERTSE (D], b
development  situation of  pesticide formulation- e Abrfb TR, 2010.

microencapsulaiton [J]. Pesticide Science and Administration, ZHANG Huanzhi. Fabrication and performance of composite
2003(3): 34. phase change material through self-assembly technology [D].

[14] Flbh, VF0g RS 55 F EA R I R 26 £ S Lo Rk Beijing : Beijing University of Chemical Technology, 2010.
felJ]. &dRkF, 2013, 34(6): 60. [18] CHENG S S, CHANG H T, CHANG S T, er al. Bioactivity
WANG Di, XU Hui, WANG Zhanggui, et al. of selected plant essential oils against the yellow fever mosquito
Microencapsulation and controlled-release properties of thymus Aedes aegypti larvae [J]. Bioresource Technology, 2003, 89
oil[J]. Food Science, 2013, 34(6): 60. (1):99.

[ 0 el elw < CRETEVERETETERETEVERETEVERETETERETEVERETEVERETETETETERERETERERETERETETERETETERE TS

(E#E5132017)

[10]  B/Negy, 2R 28l IRAT BT 4 T4 5 4E it (], A [13] BAN Xuegang, HAO Peng, SUN Zhanbo. Real time queue
VrR22a 4 (A SRBI2ERR) , 2017, 45(12) ; 1810. length estimation for signalized intersections using travel times
CHEN Xiaohong, YUE Lishengsa. Overtaking interference on from mobile sensors [J]. Transportation Research, Part C:
shared bicycle path and its influence on lane design[J]. Journal Emerging Technologies, 2011, 9(6): 1133.
of Tongji University (Natural Science) , 2017, 45(12) : 1810. [14] LUO Xiaogin, MA Dongfang, JIN Sheng, ez al. Queue length

[11] ZRAEE, A5 e ARG BTN 0% 36 TiT 8 88 71 7 A 52 ) estimation for signalized intersections using license plate

PRI A[T]. PR32 K244k (A 2R BR22 ), 2021, 40 recognition data [J]. IEEE Intelligent Transportation Systems
(1): 17. Magazine, 2019, 11(3): 209.
QIN Yaqin, ZHENG Haoran, LI Jianshi. Video-based [15] SU Ting, DY J. A deterministic method for initializing K-
influencing factors model of overtaking behavior on urban roads means clustering [C]//In Proceedings of the 16th IEEE
[J]. Journal of Chongqing Jiaotong University (Natural International Conference on Tools with Artificial Intelligence.
Sciences), 2021, 40(1): 17. Washington D C: IEEE Computer Society, 2004 : 784-786.

[12] E¥,#8%H%, EH .5 AT GRUBHAMAMEMIRTE  [16] BAN Xuegang, HERRING R, HAO Peng, et al. Delay
BRI LT ] A RS S, 2019, 14(3) : 285. pattern estimation for signalized intersections using sampled
WANG Hao, HUANG Meixin, WU Zhixin, ez al. Overtaking travel times [J]. Transportation Research Record, 2009,
prediction of urban road based on GRU neural network [J]. 2130: 109.

China Science paper, 2019, 14(3): 285.



