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Abstract

Project Code : MRG5080406

Project Title : Study the basic model of controlling release and storage of Azadirachtin via
biodegradable polymer

Investigator : Mr. Sa-Ad Riyajan, Prince of Songkla University

E-mail Address :saadriyajan@hotmail.com

Project Period: July 2007-June 2009

At present, the use of huge quantities of synthetic pesticides in conventional
agriculture has lead to the major environmental problems. Natural pesticides are now
being developed to avoid such problems. Neem (Azadiracthin A) seed oil hereafter
designated as neem Aza-A, is one such natural pesticide known to be a powerful
insect antifeedant and growth-regulating substance yet limited in application because
of its rapid degradation in the environment. Therefore, encapsulation of neem Aza-A
within membranes to control its release and improve its stability in the environment
may improve its effectiveness. The four approaches of encapsulated neem Aza-A
were studied in this work. Firstly, preparation of cyclized natural as a polymer
membrane coating on the obtained capsule was investigated to reduce the tackiness
between capsules. In the case of the first method, the controlling release of neem
Aza-A, was achieved by utilization of foam. The neem Aza-A containing beads have
been prepared by changing the experimental variables such as NR coating and foam
type. The SEM data indicated that the structure of the walls the beads are smooth and
nonporous. At particular intervals, the remaining concentration of neem Aza-A was
analyzed by HPLC or UV spectroscopy. The efficiency of encapsulated neem Aza-A
in polymer foam matrix obtained from poly (vinyl alcohol) was higher than the other
polymers due to it hydrophilic polymer matrix. The swelling result indicates that
swelling of the polymeric beads decreases with increasing NR coating layer. For the
second method, microcapsule of neem Aza-A with partially hydrolyzed poly (vinyl
acetate) with 0, 40 and 87 % hydrolysis as matrix has also been prepared via spray
drying technique in this study. Optimum condition of encapsulation for neem Aza-A
by using spray drying was investigated. The neem Aza-A containing beads have been
prepared by changing the experimental variables such as the extent of crosslinking
and the amount of loading in order to optimize the process variables. The SEM data
indicated that the structure of the walls the beads are smooth and nonporous. The
swelling results indicated that swelling of the polymeric beads decreases with
increasing exposure time to the crosslinking agent and crystalline content. It was
found from the experiment that the ratio of 87% hydrolyzed poly (vinyl acetate) to
water being 1:40 gave the highest concentration of neem Aza-A in the device. The
degree of release of neem Aza-A was controlled by condition parameters. The
photostabilization of unencapsulated and encapsulated neem Aza-A when exposed to
ultraviolet light was evaluated. For the third method, controlling the release of the
pesticide was achieved by utilization of glutaraldehyde-aglinate gel capsules modified
by coating with a natural rubber (NR) layer. The optimization of the properties of the
neem Aza-A containing beads was achieved by changing variables such as the extent
of crosslinking, the amount of loading and NR layer. The SEM data indicated that the
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walls of the beads are smooth and nonporous. The swelling results indicated that
swelling of the polymeric beads decreased with increasing exposure time to
glutaraldehyde and reduced the rate of release of the pesticide. The degree of release
of neem Aza-A from capsules was controlled by their condition of formation. The
optimum condition for encapsulated neem Aza-A was glutaraldehyde storage time of
30 min and 3 NR coating layers. Finally, the controlling release of neem Aza-A was
achieved by utilization of glutaraldehyde-aglinate gel and poly (vinyl alcohol)
capsules. The neem Aza-A-containing beads have been prepared by changing the
experimental variables such as the extent of crosslinking, blend ratio and the amount
of loading in order to optimize the process variables. The chemical structure of
capsule wall was evaluated through FTIR, and XRD. In addition, the swelling
behavior of capsule and thermal stability of capsule were investigated in this work.
The strength of capsule wall depended on the poly (vinyl alcohol) in matrix and
crosslinking density. SEM, EPMA and AFM data indicated that the structure of the
walls the beads are rough and nonporous. The swelling results indicated that swelling
of the polymeric beads decreases with increasing exposure time to the crosslinking
agent. The degree of release of neem Aza-A was controlled by condition parameters
including crosslinking content and NR coating layer. In addition, the degree of Aza
release from capsule dramatically decreased when amount of PVA in composite blend
increased. The best condition for encapsulated neem Aza-A was the ratio of polymer
blend with poly (vinyl alcohol): sodium alginate 7:3, glutaraldehyde storage time of
30 min and 3 NR coating layers. The release data from four approaches have been
fitted to an empirical equation to estimate the kinetic parameter. In conclusion, the
obtained capsules have possible potential used in agriculture field and mosquito
protection.

Keywords: Encapsulation, Natural rubber, Biopolymer, Neem



Ty auin MRG5080406

Output 31nlas3n1339ef laTuNKaIN &0,

I. Publication

1. Riyajan, S. “Activation Energy and Thermodynamic Parameters of Cyclization in
Purified Natural Rubber Latex Using a Trimethyl silyl triflate”, Journal of elastomers
and plastics,41 (2009) 133-144.

2. S. Riyajan,]. T. Sakdapipanich, “Encapsulated neem extract containing
Azadiractin-A within hydrolyzed poly(vinyl acetate) for controlling its release and

photodegradation stability” Chemical Engineering Journal, inpress 2009

3. S. Riyajan, J. T. Sakdapipanich “Development of Neem Capsule Via
Glutaraldehyde Crosslinked Sodium Alginate Capsules with Natural Rubber Coating

its for its Control Release” Polymer bulletin, minor revised 2009

4. S. Riyajan, J. T. Sakdapipanich, “Thermal Property and Thermodynamic Parameter
of Rubber Blends Containing the Cyclic Structure” Kaustschuk Gummi Kunststoffe,
62(3), 665-670 (2009)

5. S.Riyajan, ‘“Preparation and Characterization of Neem Capsule Via
Glutaraldehyde Crosslinked Sodium Alginate and Poly (Vinyl Alcohol) Blend for Its
Control Release” will be prepared for Carbohydrate Polymer

6. S. Riyajan, “Encapsulation of neem via foam techniques” will be prepared for

Carbohydrate Polymer

II. Proceeding

1. Riyajan, S., Encapsulation of Azadirachtin by using Partially Hydrolyzed Poly
(vinyl acetate) 33™ Congress on science and Technology of Thailand (STT), 18-20,
October, 2007, Walailak University, Thailand

2. Riyajan, S., Jitladda T, Charnchai, K. Encapsulation of Neem by using

Glutaraldehyde Crosslinked Sodium Alginate Containing Natural Rubber, Pure and
Applied International Chemistry Conference 2008 (PACCON 2008) ,Jan 30 — Feb 1,
2008, Sofitel Centara Grand Bangkok, Bangkok

3. Riyajan, S., Jitladda T. Preparation of Neem Capsule Via Glutaraldehyde

Crosslinked Sodium Alginate and Poly(vinyl Alcohol) for its Control Release




Ty auin MRG5080406

Thailand Materials Science and Technology Conference (MSAT-5) Sep 16-19, 2008
Miracle Grand Conventional Hotel ,Bangkok, Thailand

4. Riyajan, S., Preparation of neem capsule via glutaraldehyde crosslinked sodium

alginate for its control release, 6TH Regional IMT-GT Umomet conference 2008,Aug
28 — Aug 30, 2008, Universiti Sains Malaysia, 11800 Minden, Penang, Malaysia

5.Riyajan, S., Jitladda T. Encapsulation of Neem by Using Glutaraldehyde

Crosslinked Sodium Alginate and Partially Polyvinyl Acetate. msiszauminisegulvi wuws

k4

av o A a I I I o w @ ~
’)i]flf]’lgja AN ATIN 8 Iiﬂl,ﬁi]a@ﬁ!ﬂﬂﬂuuﬂ TRUNVY Y01 NUIAUNYILYT

nr.msswaaudse i 14lse Toal
a a J
Bt R RIS 10

Y
awv 1 ] a 1] A < [ a A
NuMBliMAIzmssuI e YaANsLAT “I3 MIwsen uazmanuinyiezy lausnauaiels
dy o A A A Yy 9 a EAL 9
Twruenaniineenimnlygaszmausaauiiioualonedwesdsosdais 1l
o w =®R I & A o 9 Aa 9 ~
MEAINIIN  uazivegs  udluwuimaniengnmiunlylumseadsunamslsasai

[

o do v U =% < 4
duasziddauuas Tasnruausaiimslaaldesuesarisoengnd lniduliandesnsiie

S a 1 A
annNulunyaenY Lag ﬁﬂll?ﬂé}'ﬂn

- BEEITY
a A [} o ao 1 Ya o wawd‘dy KR v Av a wd'
nanIov1elunIRINTINETZHIN WIY LAZ UNITYWAYI FINDIUNIVINNIINGIAYD U

Y o =2 "o R a 4 a 4 =1

taz IMalsamT uminAnyIINemanINeaes (Al

- HAWING
1 [ =~ a a o =K [ a =
G]f’)flﬁuﬂﬁuuﬂ?iﬁﬂuﬂ’liﬁ@u ’J%'lIﬂﬁ\?\i'l‘L!WLﬁ]&lﬂlfl\?ﬂﬂﬁﬂ‘]&ﬂi$@ﬂﬂ§iyiy'm‘i LLas
a a 4 o [ a a 4 a o a 4
’JLVIEJTL!Wuﬁﬂlflﬁuﬂﬁﬂ‘]ﬂ?igﬂﬂﬂi@q‘ﬂiﬂ VDY F1VNINYIFANTNTNOANUDT AU INYIAITAT

a @ a 4 a 91' Y 9 Y Aav A 4
URINYIAYTAIVAIUATUNT 11U ﬂﬁ°l)"Jﬂau'Ua‘lgut’fi’l\iﬂ'JnJWi@llﬁluﬂ'li'ﬁ]ﬂ'JT]f_l'l?nﬁ@ﬁ

a 4 9 Av AA Y a
ARIS ISR ﬁ’fiNNﬁ\ﬂﬂ?%ﬂ‘ﬂﬂﬂﬂ!ﬂWWiﬁﬂigm‘ﬁ%“ﬂ



Ty auin MRG5080406

1 anudnguazinvesymnimmside

Pagiiusemnnsvestlszma lnefitszana 62 Auauanudosnmsenisus Ianld
=) dgl A = [ a0 dydy a an ¥ o
mMgannluiemeuny 10-20 Hneutitienvewlszmeil ldversesn lawsmaulszans

] v 1

A A d? 9 =1 ¥y a K A A dy o o A

NINUUU fﬂilﬂ']&lﬂﬁsllﬂﬂll‘ﬂflhlﬂLﬂﬁﬂuzﬂ‘ﬂTﬂLﬂ‘H@iﬂiiMlL‘UUﬂQLﬂiJ‘ﬂNllﬂTiﬂQﬂW%lﬁ@ﬂﬁﬁ?!W@
1 v oA Y F [ < A o a

UINDUNU L!ﬂﬂﬂuisﬁiuﬂiﬂ‘ﬂﬂﬁ31ﬂlﬂuq@ﬁ1ﬁﬂiintﬂyﬁi ﬂﬂu?WﬁNﬁﬁﬂ@uIiQﬂTu

1 1 R o I ~ £ J 1 ]
gaainIsutazaeialsemaasuilunnasnssatulsemnnsd e slszmea

[
[

9 A a Y dy dy AAA 1o A a 9 [ (% 1 1
fnmmwmwawawiwmmuiumammmgm A MsuNananfesedeiidernatgeds U

[ =) 9

v 9 4 Yo Y o & 13 a
flo Ardaussnu waghgatemsldingilestuuazivadagies  daiuluaiiluiagiing

u Q

o Vg9 "y ) & A o d i aq v o \
yuasadeamldnnidesaz 50  msaaldamsmidududesiluien lfilusuasione

a a o o & @
gusTna duAnnuasuazdunpasnies sullurumuamaudilym Teeldasanaaniiamn
Tdmaunumsiaiiiondadagis  drssisauuawazdagiistinueratosiauaagyiall
1 7 1 U L L% 1 a a Q(
HasouwasAngiisanueonll uadiuluaiionuil  msmuguilszaniammsoengns
o w o A " Y 3 A o = o A a 9 = dg‘
vosensfaaunasdagie L ladulawimends  JeinmulSunamsldmsniinni
A 9N ¥ a A Y o A [ o_w
e lw Idsz@nsamaudesmsaunguaniiosnnanu lumdesnmvesashidauna

A A A

[ £ o 9 a A o w [ Y a o A A
Adagie ez Indszaniamvesmsiidauuasdagianlsseluulasnyasdiniuied
minadeuluienlfiiams ededng MRedestumsaaedrvesasidauuasiag e

k4 1
Uninannuaaanuion aAnudu asenaumsszaraazmsiam lvesduazay ¥
1 Y a A a A 9 [ :J‘ Ao dy 9y [ 1 =
nelvinauanzndunyludunaaey  Auiuadtsiunilymdinary Tagmsanyinig
! . . 2 LA i '
WoRu Azadiracthin drenedwesigoadats iardunuimaly1daunsasnssuae li
=2 o &£ A o Y a Y Ao w Y]
vauguamaninangmimnlylumsaalsnamslgamaaimdaunas Tasaiugueaiinis

1 = I 4 <3| a J o {
Yaatldesvesarseongnd ldidulamdesmsmoaannuiluiivaeauuazdaiidosgnaie
9
Wy
[ J
2 Jngiszasnveslnsams
v a 1
2.1 MUANMTAAYA) Azadiracthin A8 AIoWOAINOSTGOTA1Y
2.2 mawlsnldlums on Trluive I9nsniugumsaaisdaves Azadirachtin
2.3 wmiananaeularunlgaeniugumsianilassves Azadiracthin
2.4 fAnlszANENINMITA10A7 Azadiracthin neldnnudounazuaiag
o ' . . a 4

2.5 Anvwnuiiaeimsilaniass Azadiracthin 10UNNT NG

3UDUIVAVDINITIVE



Ty auin MRG5080406

9

nueiiAnmawlsilFlumsnseuundya Minadensdaatldesves
Azadiracthin viamsndeulerualgaionrugumsianiaoy Azadiracthin Haznadoy
a A 1 a S o
Usz@nsnmmsilanildos Azadiracthin 9 nWedADI NdosaA 1WA IR

1.4 U5z Teminaanldsy
Y

aAav o = YA = a 3 Y [V 9 as
QTLl'Jfl]EJLIIuﬂTiﬁﬂETﬂ’JTNEWHjTHﬂWiMﬁEJ?JW]ﬂ“L!ﬂﬂTiﬁ@ﬂ;NﬁTﬁﬁﬂﬂﬁglﬁnﬂ’JﬂTﬁ

9

] P av 1 1Y a
Tl dsgTeminldvesnuidolinesroaailymmsaaieiives ezanlausaduAzadiractin
£ & o < Y o Y Ao o o = £ & = a
yudumsanannwaaaza (Asihminndidasuasdagiy sudunmasygnovedseme
1 J o 1 < ;I qﬂzl '
Ine)  mszhasilauanudoutazuauanizaaiodiodniiagd  asiudesroRuais

" A A qygy v 4 = ’ Y < a 24 a
LWE]"IL!LW@(IWGLGFQTHllﬂfJ”I:]‘L!"IL!BUH iNE‘T”Ill15ﬂslfflEJLLﬂ{IﬂJ‘Vi1ﬂTiLﬂTJﬁ”liﬁ&ﬂ”l@ﬂllu?ﬂ”lﬂ‘ﬁuQ@ﬂ

[ ) a o s

F) 09}/ aw k4 P = 1 o 9
ﬂ’JfJui’]ﬂi]"lﬂuuQ"ILl’Ji]EJ?NL‘L!L!GI,WNa@ﬂmcﬂﬂ"lﬂuu”lﬂii”IUﬂLﬁui%ﬁilﬁﬂﬂ"ISUTllﬂi%luﬂ"li

q

[
a

v o v o A < o Aa a A & @ A < 1 @
ﬂf’)x‘]ﬂﬂﬂ”ﬁ]ﬂﬁ@g‘wsﬁ L‘]Jilﬂﬁﬂ1L°L!°L!‘h;iﬂﬂlﬂy@]ﬁ‘ﬂWQWTJ@]Q@]U‘VINﬂTﬂcluﬂigmmﬂuﬂ"ﬁﬂf’Jﬂig

Q

[ A Y

[ o 9 = v o w ] o 4 ad =
aﬂ@@ﬁ"lﬂ"ﬁu%ﬂﬂﬁTﬁLﬂNGlUﬂTﬁ‘]gjﬂQﬂuﬂTﬂﬂﬂ@]gW%LLﬂg%’JﬂVHIWﬁuﬂﬁﬁl‘ﬁiﬁﬂ%T@V]qm{}Lﬁﬂqﬂ
v A
NAUAUUI
av o o Aaw o = o v
sauaselszauanuduilueuaanuisoiunlygall1dluaumseengnimsiiia

gaaesuiludineilym 1didensenvestlszanslutlszmelnedndae

10



Ty auin MRG5080406

uni 2
av dd o
MInUMUenaIsHaz NI NeIveq
1 unin
[<f % { [ I 19 i
Uszmalnoflulszmanilaiitidu azaegodiannmne azeuduiug lddvhaula
= ¢ A £ I~ 9 ¥ L gy A A
uaziidsz Temivnaelsemssiavtansizdu linudsansotu1d Tag ludenau
Aa a < 1 v Y 1a [y
wigay Tasmeaunrsaunsaldmiilgn ldnuuanmie 188 daddeslidn Jam
A4 o o w 2y ) ESR)
ey Tsauuasisuaneliveslunazaenanioldlsznovems vesau e ldmiung
9 @ 9 ! Y Y o dy a A = = a A 1
dwisulFlumsnearaaz ldiuremawazilonadiazimazineieazidwas  ualu
9 =< 1 A o Y 1 Y A I A =
s nznanetaza ng daazeinihldladuansainwadlddne waaniona szl
' ' 4 [l < ) v o w
@15 Azadirachtin g9 dauludiudou wu lu wienlden nlimathlllddestusdauuas
A @ q ¥ 1 = 0 v Y v o w 3 < '
milouriuualima lidesd mathasadaazenli1lddesiuitaumaniu - vsaunueni

v
o w I

Y < T n Y qaj dy A Y [ 1 @ 9y
]lﬂﬂa UT\‘]ﬂuﬂ‘U@ﬂfJ"lllﬁJllﬂﬂﬁ MIUIUDIIN mmqwmﬂﬂ’ixmimﬂﬂu LL@]ﬂﬁ]ﬂﬂﬁTﬂiyV]ﬂxi“ﬁ

9
o w 2

9
amsanaazenlumsilestuidauuasd lanatiuezdosldods gnisaail

s 1 ;mvwaaswavesazi
2 Az

= ~ 3 2Ly 3 A Y
Waazta (Neem powder) 11809 azimNuad)unade ldnnmsuamannsonaaziaIig
Tagnsrusoy auny iy Tyt vl Wwietleafurueumizdidu wizra nSouual
I~/ v A 4 [ o w %
hnga 1udu erwauiudu metlosiuine nusuvesdnnianizlan 1didoudos taz
a d’ [ a A 9 Y 9 A d' Y o w
uyasuerianodeluay wseenldnauiunielsemusoaduny e ieaiusidanuou

3 9
1012809 11 UAY

11



Ty auin MRG5080406

v Y 1
o W wdllﬁ/ [

Hiuazia (Neem oil) ¥u1899 110uN1d9nmsda niey wsel¥msmiiaia (anmu
¥ Y
a J < o g . o w [
WY 91503) Al (seed kernel) NarlFsuiludosnanas emulsifier tWo 191U WAL
gl 9 A 9 d‘i = a 1 cs'cs g’ o I ¥ =Y
11a wSeldasosRariia ULV uazmniseanuiniuazaainnsald lanadnumiadig
a [ 3 ] 2 9 o < o A < I 9
w1y anuau lsuas dAeiaewas sywsluTseny Wudu
asanaaztal (Neem extracts) W89 NMINIHAEIAYS 0019 [ga1uNMaBIINMT AN
2’ ] Y I Y ) v Y S A ,:I Qall Oy &£ A
infusanudnld Tasmsvunaiadiouoanodoansotil 11NiUNIeA0NINE0DN BTN
J 2 o yd a o o Y A 9 Y 2
el "asanadzen natvz lsnay ievoluadddreie Idaamueg lauuau
3 ' A A 9 9 o A o
MAaza1 (Neem cake) uaruimasandialudinges ihmnazen ldarnuaansonauiu

@ Y

g' A Yo o [ Y < A g ' o 1
NINUINYLIND Glﬁﬁ]ﬂﬁ’]ﬂu LLﬁ?ﬂﬂﬁlﬁLﬂULNﬂﬁiﬂlﬂuuﬂﬁ ﬁuJﬁﬂL!']Ulﬂélﬂ‘(’J@]@llﬂ NNTLLIA

=

fanalimnsandagiiy1asn uaz1d duilevSeduasennsdaila

U

o A

< Y a [ Iy 1 Y a o 1 d'dy = [
wmuldn wdasusiazaninldiiedadon 4 stiadinan luitivzyadunmzasanadzian
1 eajl d! = Y v = 9 [ o w Y = 1 a d‘ o [

miy aelims Miumnnuaz o Ty lumsilesiuidauvasddwadniwiaon  dmsy

< o Ao [ '
Uszaunaniiilims 19 ensadaaziar ldnanie life

a L EL a Aa @
1. viavesmasiagiy  andszaumsel lumsnaasuilszaninmvesmsanaazanly
AanMsssNna Using 1 asanaaza liwad lumsilesnuidauuawudazstiauanaieiu

4 J 1 a va ] I '
) ive i hredemsifiiaveutisuanily 3 nqu Ao

Y a

11 Wmsanaazatlawad uuasnanestiaioouueaod1saziadzial 15U HUoUNTZ) il
AN 9 viueunianiien vueuledn nueureuly nuoudmly nueuils vueuudl nuou
@ dy 1 dy 1 I~ o 0311 Y] 0o w [ [
yane Tvian magoouw mae'loud Wudu aaiulumsiesiu Mdauuasdenanannsaldas
o ~ [ s 1o & Y 9 1 [ =} o 1 ~
anaazmuissedufed  Iaghisutudedldamsunmasdunieiaaasulurien  uuag
52119
1.2 Wasataaz  asadaazenimaliunanslumstesdusmdaunaivaresiia o
NUDUIY audihe MUUIZAUNAI) MuBIzARNNAe' T YuUmIZHANZIID HiDU
] o 2 o & e vy g 3 v ~a
W12epAnz uuaIuNee masinau masloud waeld uazlsuas Wudu Tunsdinuuas
1 Y [ ] o & [l [ <,
matszuaun Msld msataazains lildna sudy delFasauuasdunszvianlu
d' [ 09// 09.: =3 9 1Y [
JEgLNUNAITZINAEN 1-2 A59 miudldasanaazaas 11
] Y ]
1.3 14 msanaazialildnanseldnanoudned nuasae lfieglunquinldmsanaazian la

v A Yy Y A Y N 2 o oa - o ~ )
llﬂwaﬁi’e) Ulﬂwau@ﬂ o ﬂNﬂﬂLLﬂNﬂﬂﬂusl‘UW% ﬁuﬂﬂ§$jﬂﬂ HIAULAY WIULYD lﬂu@u PNUU

m3lFasanaaziade liuuzai funyasanan

v
aA

2. QUMNYBY ANIANAALIA1 HUEDI UTUWVEIENT Azadirachtin Nijogluasaia 1nma
1 A a o [ a 9 A a I Y [
msnaasanuNluvne ARaa ﬁ'1§ﬁﬂﬂﬁ%!ﬂ']ulll'31%3Na@ﬂﬂflﬂﬂﬁﬁ’ﬂﬂaﬂlﬂuﬂTiﬂT a3 nNa

4 v v
ALIANEADIN 509N NT (Azadirachtin) TuilSunamnn weauais ITasmaslidini1 0.1%

12



Ty auin MRG5080406

' v v
w5eoiinn ldlunsdinwanldes)  awdaldieslaeldindludiada a0l vvua

(%

Iy} 1 a 3 @ Y] )
Melu 2-3 Su uatwaadlumsi msanaazansaldiestuidauuaslduude 13

v Y v
Tusrannaansanaiild a5 Azadirachtin vzAos 9 daredd ualszansamlumsilesdu

o w @ I ¥ =
ﬂT%ﬂLLNaﬂﬂﬂﬂqq%qﬂWﬁﬂ@ﬂ

U

@ 1 1 [ J o &
3. eJ?iﬂ”Iﬁ&l‘]}I ﬂ?icl,"]af} ﬁ?iﬁﬂﬂﬁ&ﬂ'ﬂl@ﬂ@1\‘1‘1]'lﬂﬂ?ii%ﬁ'ﬁ%'ﬂlﬂﬁ\?ﬁﬁlﬂi?gﬁ ﬁ’ﬂ in!,ﬂué’fmﬁﬂ
1 4 I 3 Y [
aarlouilu szeznalszinm 3 a5 Taeduszazmsia 5-7 Ju nset 1y asadaluuiu q
=K K A

Y v v
Uszanar 13 0193UsZeznNaIMIna UAazATI 1-2 1ADU LAzAINAIIMILIAIAo N INRA

ﬁﬁt’fﬁﬂﬁ&ﬂﬁ]‘@uﬁlma\?i]%f.ig‘lﬂﬂiﬂﬂ

AMANTAVBINIANATZINIAIL

< ' o q ¥ "y a Aq ¥ o
Lﬂumi"lmmm VIWGlWLLlJﬁ\‘lhlllL“U13J16luﬂ'il')ﬂ!‘1/lﬁlclfﬁ15ﬁﬂﬂﬁ$m1

< % Qs: a o Y o A
- L‘l]uﬁ’lﬁEJ']JfNﬂ’lﬁﬂu@’lﬁ'l'iﬂ'lslﬁﬂ'liﬂ'la'lﬂwélfaﬂaﬁ
I Y] eajl a a 1 [ Y o Yo & o
- L‘].Iuﬁ”liﬂﬂﬂﬁﬂWi!%ﬁﬂJl@UIﬂﬂlﬂﬂﬁu@ullslllmgﬂﬂllﬂ ‘VI']“]fH AANIYAN N
- sziumsadnas lndu
Y4 A A Y4 o Y (= zﬂy A v I
- TUNMIUMTATUNUTLASNITADFITIWONITANTUNUDTUDILNAN ‘mﬁlmmmﬁ@m@mmn
[ 9 () [ q’/’ [l dya.l o 9 [ ) = 9
'Jflﬁi'lﬂllslluﬂﬂaﬂ uaz&‘ummmn"lm ‘Ll'f)ﬂ‘ﬂ']ﬂu‘(’J\Wl']ﬁl‘ﬂﬂ?ﬁﬂﬂ@?mﬂﬂqﬂlu@ﬂﬁﬂﬂﬂﬂﬂﬂ
=\ Yo 1 A A o 9 = [
llWaiﬂﬁUGGUWﬁﬂﬁUQHNQTUQHHf’JEJ ﬂ']'iig‘iﬂﬂfﬂﬂnllliqulﬁﬂ
1 o [ ad g Jd Y oy = "o 1
- llll'ﬂ']ﬁ']flﬁﬁg‘ﬁiill%']@ﬂlﬂuﬂﬁziﬂslfuvﬁu AIN ﬁﬁlﬂﬂu]‘lﬂﬂuﬁﬁ']ﬂ@]@ UNAINTUINET T
1 d? [ 09/’ A 9 3 <3 a A o o Y
LYUAI ﬂ\‘iuuLll@Glslfﬁ"liﬁ$Lﬂ1lﬂ1!L'anl!']uﬂ{l]3!ﬂﬂﬁuﬂﬁﬂlmﬁﬁﬂ?ﬂﬂﬂﬂul@ﬁ ‘Vnoh’iﬂwﬁ

[ 1 dgl I [ PR 1 Y Aa A d? a9
W‘Hﬁ'ﬁﬁgm']ﬁ'NGUutﬂl‘lﬂwﬁﬂigﬁﬂﬂﬂflﬂffmﬂuagﬂﬂllﬂNaNﬁGILWNﬁJ'lﬂ"llu@ﬂﬂ'JfJ

AvgamIlFansanaazian

mslmsaianinazion (Azadirachta indica A. Juss) Taginmnzetadariiiazian
uazaua 9 vesaznlumstlesduidauuasdaglulsudy wusnenumsldnadsuuuas
Na8%A 1Y Callosobruchus maculatus 1182 C. Chinensis
, Corcyra cephalonica Stainton, Rhyzopertha dominica (F) @& Tribolium castaneum (Herbst),
Sitophilus granarias (L) 182 S. oryzae ﬁqﬁyﬁﬂymsmsaaﬂnﬁ(ﬂmffﬁuﬁmm dIuveIAY
aaeasuesaiaguuuan 9 Aideuvawas lsdgfivinmesnas1dud madumsesn
fm%?d‘l’dzmaq (Repellent) f‘]’ugﬁmiﬁmmmﬁLfﬂ?ty@uiﬂ(growth inhibitor) Sudams
194 (Ovicidal effect).

Msanaasazial

@ < o Y Y a A a Aa
ﬂﬁﬁﬂﬂﬁﬁi]'lﬂlilﬁﬂt’fgmwnllﬂiﬂ81"1)’?(15?13@1']861!‘1/]58"111!@1/]%

Y Y
(% [] o d
97 (Polar solvents) (FU U1 N30817A2A1YLDANDIDAITY 1BNTIUDA (ethanol),

13



Ty auin MRG5080406

i
Qdd =

WNUPA (Methanol) 484 diam1seongnintlszansnma lumstlesiumazsiiauuas
@ A AaA . . &£ . . . .
ANy N NUYDI Azadirachtin (C,H,,0,,) BUJUe13WIN Limonoid (Tetranortriterpenoid)
1 : g 4 ;g @ o
PJymimsnzalgnednnilanneiTeuas Fududngvosiy Jagiiunbaing
[ Y
udtlyTaeldasaiilumsudilymdsnan uannensaiinlsivanAielunai 195

[ A 1 I ) { o a 1 1
Ygmaodusian  uatinuasnafuswaudesildanannsssumnalums lauuasguas

9 9 ]
v A A

[ EZ < ! Y ]
ANATELIAN 1/]\1'Llf’]']‘l]Luf’]\11]']5]']ﬂffll‘]J@I?f']'iAzadiraChtinHJuﬁ’]ﬁﬁﬁﬁTﬂ@?llﬁjQTﬂoluﬁﬂ']W

1 1 4
BITUYIN ’Q‘ELWTﬂMﬁﬁﬁ!ﬂuvlﬂ!,mmlﬁﬁuﬂﬂ“?ﬂﬁNﬁ@l@t!ﬁﬂﬂﬂﬁ?ﬂﬁ?ﬂﬁﬂjuﬂﬁﬂﬂﬂi]‘I/I‘ﬁﬁUf’Nﬁﬁ

u Y

afaN 1N VVIUMINAALAZ NI IFNUMTINBATNITUNADITUAFNUANNS DULAZLEUAN

v
o o AR 1

Y Y = 1 1Y | Y 91 A A
V]11ﬁ!ﬂ1&l@]iﬂi%xﬁﬂﬂﬂﬂ’wuﬁﬁﬂﬂﬂﬁzmnﬂ‘L!i]”l‘l/]ﬂ“lfxif’fﬂWﬁiﬁﬂ”li"lﬁ]”lﬂﬂ”l’ilW”l%‘]JQﬂWﬂﬁJ

v k4
9 = [ Y @ o a

4 1 H
Aunuitgaiu  aniumsianmsiamaasusiazei lugdainudeannzanuiounas

q

A Ao & A qu = o v <
LLﬁQLLﬂﬂ!ﬂ‘MﬁQ‘V]%1!ﬂu!W®1ﬁﬂ"li?)i’]ﬂf]‘ﬂ‘ﬁﬁllﬂﬂﬁﬁﬁﬂﬂﬁzmﬂ‘l’iﬂnu1u Lm%ﬂiy‘ﬁ”lﬂﬁlﬂ'ﬂ

o o < 1 £ Ay Y A v
'imeﬂf‘ﬁiﬁﬂﬂﬁ$Lﬂ"lﬂ“ﬂiyﬁiﬂﬂﬁﬂu\‘]‘i/l@]@ﬂﬂﬁLLﬂhhlﬂ’JEJLWi”Igﬁﬁﬁzlﬂ"lilzlﬁﬂllﬁﬂ"lwllﬂﬁ’J

Y
v @

Ed
1IN 90 aatiuadteiigaiumit lumsmuauaaiediasanaasian uazdaeiglu
s o @ ' Y { o a
manusnmmsanaaza laemsveRuamsasanaaziaIne IluNiuInNe s suna
=] o saq Y ¥ A Ay ) a A o ¢ A Aqy
T Iudunszinlsuauienasinsaaaunuranmsnandunasazm W 1%
a o 79 ¥ a Y Y
paaduN I msaFimsa lalueuna
aa Al J
3 Taluahn ala
3.1 msnaugumstani/asevedinguny

v v 4 [
msmugumsilanaes TaefionsiervrzanasiiaziiosnieNimsmugainaudegagegai

9 E )
v AKX v

awnsamuguld Tasmssruamsaugumsiaatlaeservnlasuniaslansfivusgiums
GLIIGT

uuafaLazuULNUYeINInIugN mitlaadass samdn 13 1dnarena lnaaeasumstinua

v =)

A A A I dy a 1 1 1 9 A &
ﬂQﬂﬂ?ﬂﬂﬁﬂlWﬂ!ﬂuwu;"ﬁsTu‘luﬂAﬁWi]TimTﬂ”lﬁ’]Jaﬂﬂa@EJ"’UEN ANUNHINTIUNDHUNLUILLTI
a aa . Ao o A % [
DINITY  HFaANIA "l,llﬂ”l Uag activated charcoal HANTIAUNTAUDITESUU Gluﬂi;uuuamﬂu

g 1 Y 1 [ '9} 1 Y
ﬁu;§1u°ll@\1ﬂﬁ]’lﬂﬁ t’fﬁJTiﬂﬂ’JUﬂiJllﬂlﬂf‘L!ﬂﬁll,WiWTL!I@]EJﬂTiﬂ’J‘]JﬂlIEJG]‘iWJ@\?ﬁﬁﬁ@]ﬂﬂﬁ@ﬁu

I=$ % \

o {q ¥ o 9 aaa aA Yy 9 A
ﬂii%gﬂﬂﬂlﬁﬂﬂi%ﬁ1ﬁiﬂﬁﬂﬂh LLﬁZﬂQﬂ‘iﬂ%ﬂM‘ﬂﬁ@ﬁQ VlﬂiJl%JWEﬂEﬂll‘i/]%Z’é]’f)ﬂmJ’Uﬂa]lﬂ

q

) v v @ 4 1 1 A 1 ~Aq Y 421 1o J
a1ﬂiﬂﬁ]uﬂﬂﬁuﬂﬂl@\‘lﬂ1§ﬂaﬂﬂaﬂﬂﬂ1ﬂ\1‘ﬂ LL@]L'Jﬁﬁ/]GlG]fGlUfi%‘]J‘U"Uu@Qﬂﬂﬂauﬁ'lﬁﬁiﬂ'lﬁ

U

1anilaoe
3.2 manauan Iage1fudona Ny ImMIsUNIAH I

(B} ] Y I A . a o Y
na lnmsaruauunsinsaude Idiiu 2 Uszinn Ao reservoir systems MEINVMIITIN A2

9 ]
yonuninuavediagiinsluunlyanmeldmsaiuaumsunsiulaedonas  monolithics
l:' 5 4 =
systems {NYINUVIAYY

L4

a ] [ a
WpAnszneniognazatenislumsaiuquuesmsieRy idumsngan

14



Ty auin MRG5080406

=KX o 1

9
D99RTIMIUNI AUVBIsZIUINMsNAIUguMIaatldosnie]dngues Fick duauTuvea

[ LB} dgl 1o [ [ a Y an a =
9ATIMIUNTHIUIUBENY 5 Tode Tae 2 rﬂ%fﬂﬂ‘]_]'58Lll‘L!UI,QWI"IEJﬂﬁu],ﬂlefJ\‘]M@]L!ﬁ%!islﬂ?‘li;‘l‘!Gll,!,ﬁg’f)ﬂ

U

aaa [

3 fhivlsziiunniagiiiuuazwedes iialgasenu
dM/dt =(A/h)D(Cs-KCS)....oevvveiniiiinaiinaannne (1)

Y v ] 4
NNFAUNIT (1) A Lmuﬁuﬁmmmg%wm h UNUANUR VOIS D unudulseansmsung

[ =

a a 4 A o @ a a
vouingiunylunedwes Cs Lmummmmmmiazmﬂaumqqqmmmaﬁwﬂuwaamﬁ

Q Q

@ A ' @ a J a J @ { o
K Lm‘l!ﬁllﬂi%ﬁ‘ﬂ‘ﬁﬂﬁLL‘iNﬂJ’EN’N]QfIWHig‘ﬁ’JNWfJaLiJ’E]iLLﬁ%G]’JﬂaNLﬁfJ’JmJﬂﬁllﬂ‘lJEN
9y

2 g 1 [ a a
dunaden Cc luaums (1) Wuanududuvesmsgnilantaesvesingiinsludunadow

o a ] ] < o ] a L)
duilszanianuansolumsazananasns LlUQﬁ?u@Wﬁ]lﬂUﬂwﬁu"I]lﬂijﬂWﬁ3&?]513?71/]11“8]

/9 9 = 4 a a [] =
“lumamaqﬂizaﬂ@hmygmqmmTu"lﬂumﬂ ﬂmﬂaauuﬂmagmmmmﬂmmaﬂw

E]

[ aAa ~ a [ a = B I [
Tmaqammmauwmmm ﬂ”lﬁg]ﬂﬂigmuiﬂﬂﬁll‘ﬂ'i%ﬁ‘ﬂ‘ﬁﬂ"lﬁllWiNTHL']JH@’JLHJS‘WN%Q

Q

s ' ~o =< P
ﬁTﬁ@]iﬂQﬂﬂ?UﬂNIﬂﬂmUTQ E']JiT\i LAZAINUUUIVUDINTITLUNTNHY L!ﬂgiﬂﬂiﬂiﬂﬁi"lﬂ"llﬂﬂ

AIND NI Y

9 =

o . o . {1 v a 9y
UM35139 921V reservoir system IABNSIIUIENGUEY Fick N1101300NNHgNaRUTDL

Q

4
[ = ]

A o Y Yy 9 Aa A A o ~
msfl,maawumaza1m1mmmummmquwwmaaaﬂHn181uﬂqw mﬂuuam’;zmngﬂ

v W -4

9 421 1 [ 1 A I~ 1 1 A d 9 1
A3NVUTENINBaTIMIdanaesnazilusudugud 1wy A1AINEuAUIDUA1EY) VBINYUDY

£l

. { @ [ . ) Y A ] [
Fick 11e20UmM315u133 reservoir system dvsuna lniuilunuundunSeungavuia@n

3. a3l

A A

msddauuaazAagislnneraeyiauaazsialnaaouNadia g nsa 19y
4
ponll uadmIvainnudn msmuguilszaninimmsesngnivesaishdauuadng e
] I { [ Y A a 4 4 a A
Tladullawimands  Jeimwulsnams Igmsmdunduie 19 1ddsz@nsawa
9 [ A [l =) o w [ =\ B o Y
ApamsaumgranitiennaNy liiadesnmassassidauuasdag i SAREATRNS
Uszansnmvesassiiauuadagiivnldesdundaunsasdniuieimsnadoulu
dowulqiams  Hedeaneg  Mineadestumsaaedivesansivaunasdagiiy  ninann
Y A 9 o & Y a
ueanaanNiou  ANNFL  Aaeavumswzdrsazmswan lveslutazay  deneldina
'd 2 Q‘ . . a,
vanngdluiwludunaden  msdnymseson ualgaves Azadiracthin-A T35 v
a A ) = J 2 A ° Y, a
wonesssunaie 1 ldansesnssy  JutlunuamanitsignibinlglumsaalFuna
o v @ U =5 < 4
msldmshivaunaslasaiuaudasimsilamlassvesaseengns Iniu lawdesnmsiie
I a 1 v { g’ [ o v w [
asnnuuiivaautazdadidosgnalteiiuy  fesiumshidadagiyninuauen  ou

o =)

1 Y a 4 ] o o w 2 9y
ﬂi’]‘lﬁLﬂﬂﬂ’liizlﬂﬂllﬁgﬂ'li!ﬁﬂﬂﬁﬂ'lw Glnﬂﬂmﬂumimi}ﬂﬁmWﬂfiuﬁatlaﬂaau

U

15



Ty auin MRG5080406

References

1. Adams, R.P.; C.A. McDaniel & F.L. Carter. 1988. Termiticidal Activities in the
Heartwood, Bark/Sapwood and Leaves of Juniperus Species From the United States.

Biochemical Sytematics and Ecology. 16(5): 453-456.

2. Ascher, K.R.S. & J. Meisner. 1989. The Effects of Neem on Insects Affecting Man and

Animals. In: The Neem Tree. Ed. M. Jacobsen. Boca Raton (CRS Press) 113pp.

3. Attri, B.S. & R. Prasad. 1980. Neem Oil Extractive - An Effective Mosquito Larvicide.

Indian Journal of Entomology. 42(3): 371-374.

4, Barnard, D.R.; B.G. Jones, G.D. Rodgers & G.A. Mount. 1981. Acaricide
Susceptibility in the Lone Star Tick: Assay Techniques and Baseline Data. J. Econ.

Entomol. 74:466-469.

5. Berenbaum, M. 1982. Coumarins and Caterpillars: A Case for Coevolution. Evolution
20: 163-173.
6. Boschitz, C. & J. Grunewald 1994. The Effect of NeemAzal on Aedes aegypti (Diptera:

Culicidae). J. of App. Parisitol. 35:251-256.

7. Chavan, S.R. & S. Nikam. 1988. Investigation of Alkanes From Neem Leaves and

Neem Larvicidal Activity. Pesticides. pp 32.

8. Dimetry, N.Z. & F.M.A. El-Hawary. 1995. Neem Azal-F as an Inhibitor of Growth and

Reproduction in the Cowpea Aphid Aphis craccivora Koch. J. Appl. Ent. 119: 67-71.

9. Feder, D.; D. Valle, H. Rembold, E.S. Garcia. 1988. Azadirachtin Induced Sterility in

Mature Females of Rhodnius prolixus. Z. Naturforsch. 43¢:908-913.

16



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ty auin MRG5080406

Lou Lin-Er; J.J.A. Van Loon & L.M. Schoonhoven. 1995. Behavioural and Sensory
Responses to Some Neem Compounds by Pieris brassicae Larvae. Physiol. Entomol.

20:134-140.

Lowery, D.T. & M.B. Isman. 1994. Insect Growth Regulating Effects of Neem and

Azadirachtin on Aphids. Entomol. Exp. Appl. 72:77-84.

Mordue, A.J. 1985. Azadirachtin: Its Effects on Gut Motility, Growth and Moulting in

Locusta migratoria. Physiol. Entomol. 10:431-437.

Naumann, K. & M.B. Isman. 1995. Evaluation of Neem Azadirichta indica Seed
Extracts and Oils as Oviposition Deterrents of Noctuid Moths. Entomologia

Experimentalis et Applicata. 76: 115-120.

Oda, J., N. Anado, Y. Nakajima & Y. Inouye. 1977. Studies on Insecticidal

Constituents of Juniperus recurva Buch. Agric. Biol. Chem. 41(1)201-204.

Panella, N.A.; J. Karchesy, G.O. Maupin, J.C.S. Malan & J. Piesman. 1995.
Susceptibility of Immature Ixodes scapularis (Acari: Ixodidae) to Plant- Derived

Acaricides. Submitted to J. of Med. Entomol. 4/96.

Rao, M.S.; P. Reddy, & S. Mohandas. 1995. Effect of Intergration of Endomycorrhiza
(Glomus mossae) and Neem Cake on the Control of Root-Knot Nematode on Tomato. J.
of Plant Diseases and Protection. 102(5): 526-529.

Schmidt, G.H. 1986. Studies of the Sterilization Effect of Neem Extracts in

Ants. Progr. 3rd Int. Neem Conf. Nairobi. p361
Schmutterer, H. 1986. Fecundity Reducing and Sterilizing Effects of Neem Seed Kernel
Extracts in the Colorado Potato Beetle, Leptinotarsa decemlineata. Proc. 3rd Int. Neem
Conf. Nairobi. p.351.(1990).
Xie, Y.S.; P.G. Fields & M.B. Isman. 1995. Repellency and Toxicity of Azadirachtin
and Neem Concentrates to Three Stored-Product Beetles. J. of Econ. Entonol. 20(2):

134-140.

17



20.

21.

22.

Ty auin MRG5080406

Zebitz, C.P.W. 1984. Effect of Some Crude and Azadirachtin-Enriched Neem
(Azadirichta indica) Seed Kernel Extracts on Larvae of Different Mosquito Species. .

of Appl. Entomol. 102: 455-463.

Syra aaauned maluladmsnanasanaazian ngunua Mhilaiuamdu , 2543,
136.
Kim, M.S; Park, C.C, Chowdhury S.R., Kim G.H. Physical properties of ethylene

vinacetate copolymer (EVA)/natural rubber (NR) blend based foam. J. Appl. Polym.
Sci. 94(5): 2212-2216.

18



Ty auin MRG5080406

Chapter 3

Encapsulation of neem via foam techniques

ABSRACT

The use of huge quantity of synthetic pesticides with the conventional agriculture
leads to some important environmental problems. Thus, natural pesticide was applied
for this purposed, but it is not stable under environment. The controlling release of
natural liquid pesticide “neem (Azadiracthin A) seed oil hereafter designated as neem
Aza-A, was achieved by utilization of foam. The neem Aza-A containing beads have
been prepared by changing the experimental variables such as NR coating and foam
type. The SEM data indicated that the structure of the walls the beads are smooth and
nonporous. The efficiency of encapsulated neem Aza-A in polymer foam matrix
obtained from poly (vinyl alcohol) was higer than the other polymers due to it
hydrophilic polymer matrix. The swelling result indicates that swelling of the
polymeric beads decreases with increasing NR coating layer. At particular intervals,

the remaining concentration of neem Aza-A was analyzed by HPLC.

1. Introduction

The definition of encapsulation is a process in which thin films, generally
of polymeric material is applied to little solid particles, liquid or gases droplets [1].
This method is used to trap active components and release them under controlled
conditions. The reactive agents have been encapsulated in the agriculture industry,
fertilizer and pesticide. The techniques for preparation of capsule are spray dryer,
coaservation, emulsion and interfacial polymerization [1]. = The foams are the two
major classes of cellular solids [2-6]. Two-dimensional cellular solids with regular
array of cells are known as honeycombs. The cells of a honeycomb could be
hexagonal, square, triangular, or any other shape. Foams, on the other hand are three-

dimensional cellular solids, in which cells have random orientation. The foams are

19



Ty auin MRG5080406

further classified in two groups, i.e. open-cell and closed-cell . In the case of open-cell
foams, the solid material is distributed as little beams, which form the cell struts,
whereas, the closed-cell foams posses solid distributed as little plates which form the
cell faces. The cellular structures can be fabricated out of metals, plastics, ceramics,
glasses, etc for a wide variety of engineering applications, e.g. polymeric and glass

foams for thermal insulation.

The improved granular formulation of neem seed extract containing neem
Aza-A have enhanced storage stability, and the ability to gradually release neem Aza-
A for application in the plant rhizosphere [7-8]. It was found that the best formulation
contained inert particulate matter as a carrier, at least one lipophilic substance as a
deactivator/binder, optional colorant and neem seed extract containing neem Aza-A.
The invention also required the development of a method for the preparation of the
formulation by coating the carrier with a lipophilic substance, subsequently
impregnating the coated carrier with neem seed extract followed by an optional
coating with a colorant and finally a lipophilic substance, by spraying and drying at a

temperature below 50°C.

T.M. Aminabbavi. and co-worker studied the encapsulation of a natural liquid
pesticide using sodium alginate (Na-Alg) as a controlled release (CR) polymer after
crosslinking with glutaraldehyde (GA) [10]. They found that the swelling of the
polymeric beads decreased with increasing exposure time to the crosslinking agent.
However, no significant variation in swelling was observed with different amounts of
neem Aza-A loading. In addition, the rate of neem Aza-A from beads released was
very fast. Thus, this work tries to apply the natural rubber coating on sodium alginate
capsule. The sodium alginate Na—Alg has been used as a control release matrix
material in medicine [17-19], membrane [20-22] and agriculture [10, 23-24] after
crosslinking it with calcium chloride. Alginates polysaccharides are known to be
haemocompatible and do not accumulate in any organs of the human body. It has
been reported that glutaraldehyde (GA) solution and alginate can react together by
coacervation due to the chemical reaction between hydroxyl groups of Na—Alg and

GA

In the work presented here we test the feasibility of encapsulating neem Aza-A

in a matrix made from foam. To the best of our knowledge, this is the first of its kind
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of study wherein the effect of natural rubber coating capsule on release of neem Aza-
A from modified capsules. The optimum condition and releasing of neem Aza-A from

capsule were investigated

2. Experiment

2.1. Materials

Neem seed kernels were purchased from local Thailand; neem Aza-A extract
was prepared according to the procedure as following. Neem seed kernels (5g) had
their cortex removed then crushed into small pieces, deoiled by grinding in light
petroleum (200 mL) and filtered. The grinding and filtering were repeated twice more.
The deoiled neem seed powder was stirred in 200 mL of methanol for 2 h and filtered
at room temperature. The meal was reextrated with two further portions of methanol.
The combined methanol filtrates were concentrated to approximately 50 mL, the
aqueous methanol solution was extracted three times with an equal volume of n-
hexane (each was 50 mL) followed by 3x50 ml of dichloromethane (Fluka Company).
The methanol-water layer was discarded and the dichlormethane layers were
combined and dried over MgSO, (Fluka Company) and then evaporated to dryness.
Two grams of the product were dissolved in eight mL of hexane during stirring. The
liquid was separated into two layers using a separating funnel. The process was
repeated by addition of a further 8 mL of ether. The methanol layer was evaporated
and the residue was dissolved in 2 mL dichloromethane and then treated with 10 mL
n-hexane and 10 mL ether, according to the above-mentioned process. The final yield
of 65.0% Aza-A was 0.8 g from 1 kg of neem seeds. The sodium alginate,
glutaraldehyde (25% w/v) solution and AR grade methanol samples were all
purchased from Fluka agent, Thailand. Concentrated NR latex used in this study is

high ammonia latex received from Jana company, Co., Ltd. ( Songkla Thailand).

2.2. Methods

2.2.1. Preparation of capsule beads and efficiency of entrapment

Foam structures having the dimensions of (a) 0.5*0.5%0.5 cm’, (b) 0.5%1.0*1.0
cm’, (¢) 0.5%1.0%2.0 cm® and (d) 0.5%2.0*2.0 cm with square cells were prepared.

The prepared foams were added in neem containing Azadirachtin-A 7,000 ppm
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solution. Then, the foam absorbed neem for 10 min at ambient temperature. The
mixture foam was left from neem solution and then dried at 40°C until weight of this
sample with constant. The masses of the beads were taken at definite intervals of time
until the constant mass was achieved. All the mass measurements were done on a
Mettler single pan balance (Model AB 204, Mettler). In order to obtain reproducible
results, experiments were conducted in triplicate, and the average values were used

for the calculation and plotting of the data vs. time.

2.2.2Coating of capsule with NR

Concentrated NR latex used in this study is high ammonia latex received from

Jana company, Co., Ltd. ( Songkhla Thailand).

% TSC of latex is defined as the percentage by weight of the concentrated
latex which is non-volatile at a definite temperature in an open atmosphere. The
%TSC of concentrated NR latex in this study was determined by using method
described in ASTM D107688 as shown in equation (1).

%TSC = (W/Wt)*100............ (1)
Where, W = weight of dry NR sample (g)
Wt = weight of NR latex sample (g)

%DRC of latex is defined as the percentage by weight of the concentrated
latex which is precipitated by acetic acid. The %DRC of concentrated NR latex was
determined (equation 2) by using method described in ASTM D1076-88 .

%DRC = (Wx/Wt) ¥100..................... (2)
Where, W = weight of dry NR coagulum (g)
Wt = weight of NR latex sample (g)

The 5 g of dried natural rubber were dissolved in toluene (50 ml) in beaker
(250 ml). The capsules (5 g) were dipped to the toluene solution and dried at room
temperature. So, the dry capsule mixed with neem Aza-A (7000 ppm) were dipped
into a toluene solution of natural rubber (5% w/w).Then, the coating capsules were
dried at 30 °C for 24 h. Multiple coatings were prepared by the immersion of the
single-coated neem capsules into a natural rubber with 30%DRC. Thereafter, the

procedure was the same as during the preparation of single-coated neem capsules.
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The third-coated neem capsules were derived by the dipping of double-coated neem
capsules into a natural rubber with 30%DRC and then the same methodology as that
given above mention. Fourth-coatings were prepared by the immersion of the third-
coated neem capsules into a natural rubber with 60 DRC and dried at 60°C until its

weight was constant.
2.2.3. Bead size measurement

Five samples of the completely dried beads from different formulations were
selected and their sizes were measured by using a micrometer screw gauge (Sargent,

USA) with an accuracy of £0.01 mm.
2.2.4. Swelling study of the individual beads

Swelling property of the beads was subjected to a measurement of swelling ratio
in aqueous medium as a function of time. The bead samples exposed to GA at
different time at 26+2°C were selected and incubated with distilled water in a watch
glass. The mass of all bead samples was taken at different interval period times and
the average value was calculated. During this process, care should be exercised while
it was handed of the swollen beads so as to avoid any weight loss due to breaking or
erosion of the beads. All the mass measurements of the swollen beads were taken on a
Mettler single pan balance and having accuracy up to fifth decimal. The percentage

swelling ratio of bead was calculated as in equation 3.

%Swelling ratio = (Wet weight-dry weight)*100

dry weight

2.2.5. Scanning electron microscope (SEM) and Confocal scanning laser

microscopy

The aim of SEM study is to obtain a topographical characterization of
beads. The sample was deposited on brass hold and sputtered with gold. SEM
photographs were taken with JSM 6400 Scanning Microscope (Japan) at the
required magnification at room temperature. Confocal scanning laser microscopy

photographs of this capsule were studied.

2.2.6 Releasing study
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Experiments were performed in triplicate in order to minimize the variation error.

The cumulatively release of neem Aza-A from capsule beads was estimated from.

The release results were investigated by using an empirical equation to estimate the

value of n as follows (equation 4)

Mt/Meo = Kt" or log (Mt/Moo) = log (K) +nlog(t)..........cocvn..... 4)

Where Mt/Moo is the released fraction at time t, n is the release exponent, and K is the
release factor. From the slope and intercept of the plot of log (Mt/M®) against log (t),

kinetic parameters n was calculated.
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3. Results and discussion

3.1 Morphology of capsule obtained from different types

Figure 1 represents the SEM micrographs of capsules from different types. It was
found that the pore size of capsule obtained from surgar cane was the lagest
comparing to other samples. The average pore size of capsule obtained from sugar
cane foam, natural rubber foam, polyurethane and poly (vinyl alcohol) foam was 150,
90, 70 and 45 micron, respectively. The capsule obtained from surgar cane was
buried in soil for 1 month. The color of capsule changed from yellow into orange as
shown in Figure 2.  Figurel represents the SEM micrographs of capsules from
different types. It was found that the pore size of capsule obtained from surgar cane
was the lagest comparing to other samples. The average pore size of capsule obtained
from sugar cane foam, natural rubber foam, polyurethane and poly (vinyl alcohol)
foam was 150, 90, 70 and 45 micron, respectively. The capsule obtained from surgar
cane was buried in soil for 1 month. The appearance of capsule changed from white
into orange. %r_esult indicates tI{at_‘_d}e capsules were dem .{\ in soil.

4 4 b o | » & \ \

']

(d)

Figure 1 SEM micrographs of capsules obtained from (a) sugar cane foam (b) natural
rubber foam (c) polyurethane and (d) poly(vinyl alcohol) foam

Figure 1 represents the SEM micrographs of capsules from different types. It was

found that the pore size of capsule obtained from sugar cane was the largest
comparing to other samples. The average pore size of capsule obtained from sugar
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cane foam, natural rubber foam, polyurethane and poly (vinyl alcohol) foam was 150,
90, 70 and 45 micron, respectively. The capsule obtained from sugar cane was buried
in soil for 1 month. The color of capsule changed from white into the yellow.

(@) (b)

Figure 2 Optical microscope of capsule obtained from surgar cane (a) before bury in
soil and (b) bury in soil for 2 months

(©)

(d) (e)

Figure 3 The Optical microscopy of sugar cane capsule coated with @) 0 (b) 1 layer
(¢) 2 layer (d) 3 layers and (e) 4 layers

Figure 3 shows the optical microscopy of sugar cane capsule coated with different
NR layer coating. The pore of sugar capsule was coated NR coating. The diameter of
capsule increased with NR coating layer.
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(a)

(b)

Figure 4 Confocal scanning laser microscopy of (a) NR sheet and (b) neem dispersed
NR matrix

Confocal laser scanning microscopy using activity probes reveals electron transport
processes typical of neem as shown in Figure 4. The result shows the neem
homogeneously dispersed in NR matrix.

The cyclized NR having 90% degree of cyclization was applied to help the reduction

in tackiness of capsule.

3.2 Swelling ratio of capsule study

The swelling of any capsule in a solvent depends upon the diffusion coefficient of
the solvent, the relaxation rate of the amorphous regions of the polymer chain and its
NR coating layer. Figure 5 depicts the swelling ratio of neem Aza-A capsules
prepared from different NR coating layer in a water medium and storage time over
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400 h. It is clear that the swelling ratio of capsules obtained from 1 NR coating was
lower than that capsule NR coating 3 or 5 layer.

120 ~
——(a) -B—0b ——(o)

100 7 /

0 I T T T
0 50 100 150 200 250 300 350 400

Time (h)

Figure 5 Swelling ratio of surgar cane capsule coated with (a) 1, (b) 3, and (c)5 NR
coating layer having 50% DRC
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Figure 6 Swelling ratio of NR foam capsule coated with (a) 1, (b) 3, and (c)5 NR
coating layer having 50% DRC

The swelling ratio of NR foam capsule coated with NR latex is shown in Figure
3.6. It was found that the swelling ratio of capsule was proportional to time and NR
coating layer. The beads obtained from capsule with 1 NR coating 1 layer show a
maximum uptake of water during the 200 hour. The beads derived from

3 NR coating layers and 5 NR coating layers absorbed lower water than the beads
obtained from 1 NR coating layer due to more wall thickness. Equilibrium swelling

ratio was achieved in 350 h for 1 NR coating layer.
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3.3 Releasing study

Figure 7 shows the calibration curve of Azadirachtin-A observed from HPLC and the
regression of this system was 0.9993.

y=23.7175x+ 0.014
R® =0.9993

1.4 -
1.2 -

O I I I I I I L}

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Concentration (ppm)

Figure 7 The Calibration curve of neem Azadirachtin-A observed from HPLC

Figure 8 represents the DRC on %cumulative neem release from NR foam capsule

with dimension of 0.5*1.0*2.0 cm’

coated with 2 NR coating layer. It was found
that capsule, the %cumulative neem release from NR foam capsule decreased with
increasing %DRC NR coating. The release rate of neem Aza-A from microcapsules
obtained from 10%, 20%, 30% was high during the first 10, 15, 25 h, respectively
followed by a slow release. Release of neem Aza-A from the 10%, 20%, 30% DRC
NR foam capsules was found to be almost complete within about 15, 20, 100 h,
respectively. This result indicates that higher DRC NR coating on capsule leaded to
decreasing cumulative of neem from NR foam. In the case of capsules obtained from

50 and 60% NR DRC the release rate of neem Aza-A from the capsules was high
during the first 180 h and 220 h, respectively followed by a slow release.
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Figure 8 The effect of DRC on %cumulative neem release from NR foam capsule
with dimension of 0.5%1.0*2.0 cm® coated with 2 NR coating layer with (a)10, (b)
20, (¢) 30, (d) 50 and (e) 60 in aqueous medium

Releasing time (h)

Figure 9 The effect of NR layer coating on %cumulative neem release from NR
foam capsule with dimension of 0.5*1.0*2.0 cm’ coated with with (a) 1, (b) 3, (¢) 5,
NR coating layer in aqueous medium
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Figure 9 shows the effect of NR layer coating on % cumulative neem release from
NR foam capsule coated NR layered. It is clear that the % cumulative neem release
from NR foam capsule increased as a function of releasing time and NR coating
layers.

The natural rubber film is very strong, rigid and hard to swell, so the diffusion
through this coating is the rate limiting step for swelling and neem-A release. The
release was prolonged by additional natural rubber layers on the capsule surface. The
neem Aza-A cumulatively release of capsule derived from 200, 400 and 500 in
aqueous medium was 82, 85 and 95%, respectively and when NR coated on capsule
increase from 1 to be 3 layers, the neem Aza-A cumulatively release of capsule
stored in at the same condition was 55, 68 and 82 %, respectively. It is to be noted
that with an increase in NR coating, the capsule matrix becomes more dense resulting
in a decrease in the rate of diffusion of neem Aza-A through the swollen beads,

especially beads with fourth- NR coating.

120

0 200 400 600 800 1000 1200

Releasing time (h)

Figure 10 The effect of NR layer coating and cyclized NR on %cumulative neem
release from NR foam capsule with dimension of 0.5%1.0%2.0 cm® coated with
without cyclized (a)3, (b) 5 and with cyclized NR (c) 3 and 5 NR coating layer in
aqueous medium
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Figure 10 represents the effect of NR layer coating and cyclized NR on %cumulative

3 coated with

neem release from NR foam capsule with dimension of 0.5*%1.0*2.0 cm
NR layered. It was found that the %cumulative neem release from NR foam capsule
in presence of cyclized NR was lower than that sample without cyclized NR due to
low adhesion force between foam wall and polymer coating.

The neem Aza-A cumulatively release of capsule coating 3 NR layer containing
cyclized NR derived from 200, 400 and 500 in aqueous medium was 82, 90 and 100%,
respectively and when NR coated on capsule without cyclized NR, the neem Aza-A
cumulatively release of capsule stored in at the same condition was 55, 68 and 82 %,
respectively. Results of a study of the effect of NR foam size on its rate of release in
distilled water from capsules with (a) 0.5%0.5*%0.5 cm, (b) 0.5%1.0*1.0 cm, (c)
0.5*%1.0*2.0 cm and 0.5*2.0*2.0 cmis shown in Figurell. It is clear that the release
rate of neem Aza-A from the microcapsules was proportional to the release time. The
release rate of neem Aza-A from microcapsules obtained from 0.5*%1.0*1.0 was high
during the first 50 h followed by a slow release. Release of neem Aza-A from the
0.5*%1.0*1.0 NR capsules was found to be almost complete within about 200 h. This
result indicates that high amounts of neem Aza-A was present on the surface of the
capsules. In the case of capsules obtained from 0.5*%1.0*2.0 and 0.5*2.0*2.0 the
release rate of neem Aza-A from the microcapsules was high during the first 200 h
and 300 h, respectively followed by a slow release. Finally, release of neem Aza-A
from the capsules obtained from 0.5*%1.0*2.0 and 0.5*2.0*2.0 was found to be almost
complete within about > 600 and >800 h, respectively. This result indicates that neem
Aza-A was entrapped in the NR foam. This could be explained by the amount of
neem Aza-A released being dependent on its hydrophilicity and crosslinking density

in the polymer matrix.
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Figure 11 The effect of capsule size on %cumulative neem release from natural
rubber foam capsule in aqueous medium (a) 0.5*%0.5*0.5 cm, (b) 0.5*1.0*1.0 cm, (c)
0.5*1.0*2.0 cm and 0.5*2.0*2.0 cm coated with 3 NR coating layers

% Cumulative release

Figure 12 The effect of capsule size on %cumulative neem release from poly (vinyl
alcohol) foam capsule in aqueous medium (a) 0.5%0.5*0.5 cm’ , (b) 0.5%1.0*1.0 cm
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The effect of the particle size of the capsule obtained from poly (vinyl alcohol) on
releasing neem Aza-A from the capsule in aqueous medium is depicted in Figure 12.
It is clear that the % cumulative neem Aza-A of the capsule with 0.5%0.5%0.5 cm’
diameter was higher than that of the other sample due to the higher surface area,
leading to a greater amount of neem Aza-A diffusing in the aqueous phase. Release of
neem Aza-A from the 0.5%1.0%1.0 NR capsules was found to be almost complete
within about 1,200 h. In the case of capsules obtained from 0.5*1.0*2.0 and
0.5%2.0*2.0 cm the release rate of neem Aza-A from the microcapsules was high
during the first 800 h and 1,200 h. followed by a slow release. = The neem release
rate of capsule obtained from PVA foam was lower than that of capsule derived from
NR foam due to smaller pore size and higher polar between polymer matrix and

neem Aza-A.

120
o 100
<
)
© 80 -
Y
2
E 60 - ——(a) —8—(b) —&-(0)
=
g
= 40
S F2 () =% @)
NN

20
0 T T T T T T T T 1
0 100 200 300 400 500 600 700 800

Releasing time (h)

Figure 13 The effect of capsule size on %cumulative neem release from poly (vinyl
alcohol) foam capsule in aqueous medium (a) 0.5%0.5*0.5 cm’ , (b) 0.5*1.0%1.0 cm?,
(c) 0.5%1.0%2.0 cm® and (d) 0.5%2.0*2.0 cm® and (e) 1*2.0*2.0 cm’ coated with 3
NR layered

Figure 13 represents the effect of capsule size on %cumulative neem release from

poly (vinyl alcohol) foam capsule in aqueous medium (a) 0.5%0.5*0.5 cm’ , (b)

35



Ty auin MRG5080406

0.5%1.0%1.0 cm’, () 0.5%1.0%2.0 cm® and (d) 0.5*2.0%2.0 cm® and (e) 1%2.0%2.0

cm’ coated with 3 NR layered

Aza-A release from the beads were subjected to a number of physical and
chemical parameters including those related directly to the release medium, the
release conditions (temperature) and those resulting from change in the characteristics
of the controlling release device (beads). The effect of degree of capsule size on the
kinetics of Aza-A release is depicted in Figure 13. It is found that the higher the
particle size the higher the release rate. The release rate of Aza-A beads at dimension
of 0.5*%0.5*%0.5 ¢cm’ have shown 100% release in the 120 hour, whereas the Aza-
loaded beads with dimension of 0.5%1.0*1.0 cm® have shown 100% at 700 hour.

191 y=04215x+0.8877

1.8 R =0.9612
1.7

1.6 -

1.5 - £ 0.8161x-0.40, =

1.4 - y = 0.4939x + 0.6629 R? = 0.9974
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Figure 14 Fitting of release kinetics of neem Aza-A from NR foam capsule with
coated natural rubber coated NR at (a) 1, (b) 3 and (c) 5 layere by the power law

The n value of neem Aza-A coated with NR is represented in Figure 14. It was found
that the n value of this sample obtained froml, 3 and 5 layers was 0.4211, 0.4939 and
0.8161, respectively at regression of 0.9612, 0.916 and 0.9974,respectively.Thus, the

neem Aza-A release mechanism of beaded coated with NR was Fickian diffusion.
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Figure 15 Possible model of neem release from NR foam in water

The release of the neem Aza-A from the polymer matrix has been
schematically presented in Figure 15. At the same time, there are cases where the
polymer matrix exhibits swelling with no significant limitations. The variety of
factors affecting the rate of the diffusion transfer of a solvent, including (a) the
polymer transition from glassy to rubberlike state; (b) relaxation transitions on the
surface and in the bulk of a sample; (c) dependence of the diffusion mobility of water
on its concentration in the polymer;(d) expansion of the sample, reaching several tens
or even a few hundreds percentages with respect to the initial dimensions, requires
development of a complicated multiparametric model of the water transport in
polymer. The difference of osmotic pressure between inside and outside of capsule

increased leads to destroy the wall polymer of capsule.
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4.Conclusion

The successfully prepared the capsule for the controlling release of natural liquid
pesticide “neem (Azadiracthin A) seed oil was applied by utilization of foam. The
degree for controlling release of the neem Aza-A containing beads depended on
changing the experimental variables such as NR coating and foam type. The structure
of the walls the beads are smooth and nonporous observed by SEM. The efficiency of
encapsulated neem Aza-A in polymer foam matrix obtained from poly(vinyl alcohol)
was higer than the other polymers due to it hydrophilic polymer matrix. The swelling
result indicates that swelling of the polymeric beads decreases with increasing NR

coating layer.
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Chapter 4

Encapsulated neem extract containing Azadiractin-A within hydrolyzed

poly(vinyl acetate) for controlling its release and photodegradation stability
ABSTRACT

Neem extract containing Azadiractin-A (neem Aza-A), encased in microcapsules, in a
matrix of partially hydrolyzed poly (vinyl acetate) crosslinked with glutaralaldehyde
5% w/v and 0.05 % hydrochloric acid was prepared via a spray drying technique. The
photostabilization of unencapsulated and encapsulated neem Aza-A when exposed to
ultraviolet light was evaluated. @ Neem Aza-A solutions and neem Aza-A
microcapsules were applied onto the surface of glass slides. At particular intervals, the
remaining concentration of neem Aza-A was measured by HPLC. When the ratio of
87% hydrolyzed polyvinyl acetate to water was 1:40 this produced the highest
concentration of neem Aza-A after exposure to UV. The degree of swelling ratio of
microcapsule depended on the crosslinking density and the crystalline content. The
neem Aza-A release was measured in water at 25 °C and the effects of different
matrices and other parameters such as polymer-water ratios and particle size were
studied. The release mechanism of the neem Aza-A from the microspheres was also

investigated.

Key words: encapsulation; neem; poly (vinyl acetate); controlled release, poly

(vinyl alcohol)

1. Introduction. The use of conventional broad-spectrum synthetic insecticides is in
decline due to public concern and regulatory demands for the use of selective and
environmentally benign pest control products. Consequently, in recent years, research
has been increasingly focused on the development of natural insecticides originating
from plants, because it is believed that they are innocuous. Currently, some attention
is being given to the use of neem-based botanical insecticides [1-2]. Neem
(Azadiractin indica A.Juss.) is a tree belonging to the Meliaceae family and is widely

distributed in South Asia, South-East Asia, and some other tropical areas [1-2]. The

41



Ty auin MRG5080406

major insecticide from neem seed kernels is the tetranortriterpinoid, Azadiractin-A
(Aza-A). Aza-A, is a powerful deterrent to insect feeding and a growth-regulating
substance, that shows considerable promise as an insecticide [3]. It can suppress at
least 200 species of insect pests belonging to different orders, associated with
agriculture and storage, causes negligible hazard to nontarget organisms including
humans but it has a short environmental persistence [2]. Its short environmental
persistence is due to the presence of sensitive moieties such as p-electrons, ester
linkages, and an epoxide ring [3]. However, the major problem is its sensitivity to
photodegradation so it is rapidly lost in sunlight. This limits its use in agriculture
because an insecticide should persist long enough to cause the death of the insect pest.
Many researchers have attempted to stabilize Aza-A. Microencapsulation has been
used to try to solve this problem. Microencapsulation encloses the sensitive
ingredients within a coating or wall material [4]. The wall material protects the
sensitive ingredient (or core) against adverse reactions, prevents the loss of volatile
ingredients, and can control the rate of release of the ingredient. T.Wei-Hong and co-
worker [4] reported that mixing Aza-A with UV light absorbers can enhance its
photostability. The addition of ferulic acid, gallic acid, and rutin provided a moderate
degree of photostabilization of Aza-A. In addition, numerous investigators have
concentrated on the encapsulation of neem into urea formaldehyde crosslinked starch
(UF-St), guar gum (UF-GG) and UF-(St + GG) [5-6], lipophilic substances [7], and
sodium alginate (Na-Alg)[8]. In this work, neem had been encapsulated in partially
hydrolyzed poly(vinyl acetate) (or poly(vinyl alcohol)) by spray drying. Here, we
report on the effect of glutaraldehyde crosslinked poly(vinyl alcohol) type with 0, 40
and 87% hydrolysed poly(vinyl acetate) on the efficiency of encapsulating neem
Aza-A. This is the first report on the quality of capsules of neem Aza A encapsulated
in glutaraldehyde crosslinked poly(vinyl alcohol). In addition, this is the first report
of the photodegradation of neem Aza A in capsules obtained using different %age
hydrolysed poly(vinyl acetate) types. Poly (vinyl alcohol) has been used as a
polymer matrix for encapsulation of the reactive agents [9-12] because it is a
biodegradable polymer and cheap to make. Spray drying is used for producing
pharmaceutical powders for inhalation, etc [13-19]. The production method has a
major effect on the physical properties of the capsules such as flowability,
hygroscopicity and dissolution. Variations in the production methods cause variations

of the physical state (amorphous versus crystalline), particle size and composition at
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the particle surface. In addition, the biological activity of compounds enclosed in the
particles is influenced by the drying process. In some particular cases of spray drying,
several impose stresses that can destabilize proteins and peptides, such as high
pressure, high shear and immense air—liquid interfaces during atomisation, heating
and dehydration [16]. In the process, the sensitive ingredient is mixed or homogenized
in a solution containing wall material in which it forms a stable emulsion. The
emulsion is then fed into a spray dryer where it is converted to a dried particle.
However, spray drying provides the possibility of creating particles with the active
protein in one step, which are then suitable for inhalation [16]. To the best of our
knowledge, this study is the first of its kind in which the partially hydrolysed
poly(vinyl acetate) beads containing neem Aza-A are prepared by the spray drying
technique. In the work presented here we test the feasibility of encapsulating neem
Aza-A in a matrix made from poly(vinyl alcohol) to produce a product with good end-
use properties. The efficiency of encapsulating neem Aza-A were also studied. The

photodegradation and release of neem Aza-A in the capsules was also evaluated.
2. Materials and methods
2.1 Materials

Neem seed kernels were purchased locally in Thailand; Aza-A extract was
prepared according to the procedure given in section 2.2 below. Polymers used in this
experiment were, 1) poly (vinyl alcohol) (PVA) (Fluka) with an 87% hydrolyzed
poly(vinyl acetate), 2) poly (vinyl alcohol) (PVA) (Fluka) with a 40% hydrolyzed
poly(vinyl acetate) all prepared in our laboratory 3) poly(vinyl acetate) (Aldrich).
Water was prepared with a Milli-Q Plus water purification system (Millipore).
Methanol and glutaraldehyde was purchased from Fluka Company. All other solvents

and chemicals were of analytical grade.
2.2Preparation of neem Aza-A solution

Neem seed kernels (5g) had their cortex removed then crushed into small
pieces, deoiled by grinding in light petroleum (200 mL) and filtered. The grinding and
filtering were repeated twice more. The deoiled neem seed powder was stirred in 200

mL of methanol for 2 h and filtered at room temperature. The meal was reextrated
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with two further portions of methanol. The combined methanol filtrates were
concentrated to approximately 50 mL, the aqueous methanol solution was extracted
three times with an equal volume of n-hexane (each was 50 mL) followed by 3x50 ml
of dichloromethane (Fluka Company). The methanol-water layer was discarded and
the dichlormethane layers were combined and dried over MgSO4 (Fluka Company)
and then evaporated to dryness. Two grams of the product were dissolved in eight mL
of hexane during stirring. The liquid was separated into two layers using a separating
funnel. The process was repeated by addition of a further 8 mL of ether. The methanol
layer was evaporated and the residue was dissolved in 2 mL dichloromethane and
then treated with 10 mL n-hexane and 10 mL ether, according to the above-mentioned

process. The final yield of 65.0% Aza-A was 0.8 g from 1 kg of neem seeds.
2.3Capsules preparation

The ratios of polymer with 0, 40% and 87% hydrolyzed poly(vinyl acetate) to
distilled water containing glutaraldehyde 5% w/v and 0.1 % hydrochloric acid, are
shown in Table 1, were prepared for the encapsulation of the neem Aza-A product.
Suitable amounts of the neem Aza-A product in solution were added to the polymer
solutions in water to obtain mixtures of the neem Aza-A solution: polymer in the
proportion of 10:5 (w/w). Microcapsules were obtained by spraying the solutions
through a mini Buchi-191spray dryer equipped with a 0.7 mm nozzle at 206 kPa. The

microparticles were collected and stored under vacuum at room temperature for 48 h.
2.4 Measurement of diameter

The diameters of beads were measured using an optical microscope (OM, and
scanning electron microscope (SEM, (JMS-5800 LV, JEOL). The capsule particles
were collected at the outlet of the channel without being assembled. Average

diameters were calculated over samples of at least 40 bead particles.
2.5 Swelling study

Capsule samples were weighed and immersed in Millipore water for a period of over

35 h at 32 °C. The samples were then dried in an oven at 50 °C for 24 h and weighed
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until a constant weight was achieved. The degree of swelling ratio was estimated from
this equation (1)
Swelling ratio = (W2-W )/ Wi (1)
Where W, = the original weight of the sample
W,= the weight of swollen sample

This experiment was repeated three times.
2.6 Irradiation experiments

Solutions of neem Aza-A extract in methanol were applied to the surface of
glass slides using a pipette and the methanol was evaporated at room temperature,
leaving the slide with a thin layer of neem Aza-A. These slides were exposed to UV
light under a UV lamp (UV B CLEO 15W, T.S.T. Supplies & Trading Co., LTD)
(254 nm, at a distance of 10cm). At intervals, two slides were removed and rinsed
with methanol (total 2 mL) and then analyzed for neem Aza-A using HPLC (Bio-Rad
Laboratories). The total period of the test was 44 h. The irradiation experiment was

repeated three times.
2.7 Recovery of neem Aza-A

Solutions (50 pL, containing 206 pg of neem Aza-A extract without UV light
absorbers in methanol were applied onto the surface of glass slides. After the
methanol was evaporated, slides were rinsed with 2 mL of methanol. The residual
neem Aza-A was estimated by HPLC (Bio-Rad Laboratories) and this experiment was

repeated three times.
2.8 The encapsulation yield (EY)

The EY was calculated as the ratio of the mass of the microcapsules obtained
at the end of the process and the mass of the initial substances added including neem

Aza-A.
2.9 Encapsulation efficiency (EE)

The EE was calculated as the ratio between the initial mass of neem Aza-A

used for encapsulation and its mass in the final product. About 20 mg of exactly
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weighed microcapsule sample was extracted in distilled water to form a homogeneous
solution. The total neem Aza-A in the solution was extracted for 48 h with a 50/50

MeOH/H,0 mixture and its mass was determined by HPLC (Bio-Rad Laboratories).
2.10 Release of neem Aza-A from capsules

Approximately 8 % of the capsule mass containing the neem Aza-A product were
used. The release study was performed in distilled water. An 8 mg sample of the
capsule was dispersed in 500 mL of the release water medium at 25 °C. The
supernatant was collected after certain time intervals to determine the amount of the
neem Aza-A product released, as determined by HPLC (Bio-Rad Laboratories). This

experiment was repeated three times.
2.11 Infrared spectroscopy (IR) and X-ray diffraction

IR was performed on the hydrolyzed poly(vinyl acetate) with 0, 40% and 87%
hydrolyzed polyvinyl acetate, in the range of 400-4000 cm™, using KBr pellets in a
Shimadzu FTIR-8300 spectrometer.

The crystallinity of the polymer matrix was observed by X-ray diffractometry
performed on a X’ Pert MPD, Philips X-ray diffractometer under the following
conditions: Nickel filtered Cu Ka radiation (A=0.15406 nm) at a current of 25 mA and
a voltage of 35 kV. The scanning rate was 4°/min in the angle range of 8-80° (20).

3. Results and discussion
3.1 FTIR and XRD study

Results of the FITR analysis of the 0, 40%, 87% hydrolyzed poly(vinyl
acetate) are shown in Figure 1. The broad OH peak of the 40% hydrolyzed poly(vinyl
acetate) was small compared to that of the 87% hydrolyzed poly(vinyl acetate), and
the intensity of the carbonyl peak was much higher and comparable to that in the non
hydrolyzed poly(vinyl acetate). Thus, the higher intensity peaks in the 40%
hydrolyzed poly(vinyl acetate) were comparable to the non hydrolyzed poly(vinyl
acetate), while the low intensity peaks are comparable to those in the 87% hydrolyzed

poly(vinyl acetate).
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The diffraction pattern of capsules having 0% hydrolyzed polyvinyl acetate
(Figure 2) shows two peaks, one of high intensity at 19.8° which corresponds to (110)
reflection [21]and one of low intensity at 39.7° resulting from the crystalline phase.
Also, there is a broad region under these peaks ranging from roughly 5 to 80° that is
related to the predominant amorphous phase. The diffraction patterns of capsules from
the 40% or 87% hydrolyzed poly(vinyl acetate) exhibited two major peaks
characteristic of a crystalline polymer at 19.45° (strong), and 40.89°(weak). The
capsule with 87% hydrolysed poly (vinyl acetate) had the highest crystalline region
compared to the other samples due to its microstructure with a low amount of vinyl
acetate. A broad peak centered at 20 = 19.51° can be associated with the amorphous
behaviour of pure PVA. This peak corresponds to (1 1 0) reflection. All the diffraction
patterns included three peaks, at 20 =11.49¢, 17.48°, and 41.34- that corresponded to
the crystalline phase of PVA [14].
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Figurel. Spectra of (a) 0, (b) 40, and (c) 87% hydrolyzed poly(vinyl acetate)

observed by FTIR
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Figure 2. X-ray diffraction patterns of (a) 0, (b) 40, and (c) 87% hydrolyzed

poly(vinyl acetate) films.

3.2 Morphology of microcapsule, Encapsulation yield and encapsulation efficiency
The particle size of the capsule beads was analyzed using both an optical
microscope (OM) and SEM as shown in Table 1. Figure 3 illustrates OM
micrographs of capsules obtained from (a) 0% (b) 40% and (c) 87% hydrolysed poly
(vinyl acetate). It is obvious that the morphology of capsules show little change and

overall the average particle size of the capsules was 12 microns
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The SEM photomicrographs of the microcapsules are shown in Figure 4.
The average diameter of capsules obtained from the 0, 40 and 87% hydrolysates of
poly (vinyl acetate) were 10, 9 and 8 micron at a ratio between polymer and distilled
water, 1:35, respectively. Some aggregates of capsules obtained from three types
were observed. The particle sizes of capsule observed from OM were larger than that

of capsule analyzed from SEM due to shrinkage of the capsule after SEM sample

preparation.

Figure 3 Optical micrography of microcapsule with 87% hydrolyzed poly(vinyl
acetate)
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Figure 4 SEM micrographs of capsules obtained from a PVA: distilled water ratio of
(1:35) and a %age hydrolysis of poly(vinyl acetate) of (a) 0, (b) 40 and (c) 87%
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The ratio between water and polymer, and %age hydrolyzed poly(vinyl
acetate) on encapsulation yield (EY), and encapsulation efficiency (EE) were
investigated (Table. 1.) When the ratios of water and non hydrolyzed poly(vinyl
acetate) decreased from 1/20, 1/35 and 1/40, the encapsulation yields were about 85,
95 and 96%, respectively. In the case of the encapsulation efficiency, the result
showed similar trends to the efficiency yield. The encapsulation efficiency of capsules
was 75, 78, and 79 when the ratio between non hydrolyzed poly(vinyl acetate) and
distilled water was 75, 78, and 79%, respectively. When the degree of %age
hydrolyzed poly(vinyl acetate) was increased from 0 to 40%, the efficiency yield was
86, 94, and 96% at 1/20, 1/35 and 1/40 (40% hydrolyzed poly(vinyl acetate)/distilled
water), respectively, whereas the encapsulation efficiency of this system was 76, 78,
and 80% when the ratio of 40% hydrolyzed poly(vinyl acetate)/water were 1/20, 1/35
and 1/40, respectively. In the case of the 87% hydrolyzed poly(vinyl acetate), the
efficiency yield was 84, 96, and 97 when the ratios between 87% hydrolyzed
poly(vinyl acetate) and distilled water werel/20, 1/35, and 1/40, respectively. The
encapsulation efficiency of this system was 79, 80 and 81 when the ratios of 87%
hydrolyzed poly(vinyl acetate) and distilled water were 1/20, 1/35, and 1/40,
respectively.

Table.1 Particle size, efficiency of yield and efficiency of encapsulation obtained at
different ratios between polymer and distilled water containing glutaraldehyde 5%

w/v and 0.1 % hydrochloric acid

Ratio between Average paticle Average particle ~ %Efficiency % Efficiency
polymer and size(um) size(um) of yield of
distilled water (+S.D) (+%S.D) (£%S.D) encapsulation
observed by OM observed by SEM (£%S.D)
0% hydrolyzed
polyvinyl acetate
1:20 15(2) 11(3) 85(2) 75(4)
ifig 14(3) 10(3) 95(2) 78(4)
40% hydrolyzed 14(2) 8(2) 96(2) 79(2)
polyvinyl acetate
1:20 15(2) 10(2) 86(3) 76(2)
1:35 14(3) 9(3) 94(2) 78(2)
1:40 15(2) 8(2) 96(3) 80(3)
87% hydrolyzed
polyvinyl acetate
1:20 16(4) 12(3) 84(4) 79(3)
1:35 14(2) 8(3) 96(2) 80(5)
1:40 15(3) 933) 97(2) 81(2)
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The ratio between water and polymer, and %age hydrolyzed poly(vinyl
acetate) on encapsulation yield (EY), and encapsulation efficiency (EE) were
investigated (Table 1.) When the ratios of water and non hydrolyzed poly(vinyl
acetate) decreased from 1/20, 1/35 and 1/40, the encapsulation yields were about 85,
95 and 96%, respectively. In the case of the encapsulation efficiency, the result
showed a similar trend to the efficiency yield. The encapsulation efficiency of
capsules was 75, 78, and 79 when the ratio between non hydrolyzed poly(vinyl
acetate) and distilled water was 75, 78, and 79%, respectively. When the degree
of %age hydrolyzed poly(vinyl acetate) was increased from 0 to be 40%, the
efficiency yield was 86, 94, and 96% at 1/20, 1/35 and 1/40 (40% hydrolyzed
poly(vinyl acetate)/distilled water), respectively, whereas the encapsulation efficiency
of this system was 76, 78, and 80% when the ratio of 40% hydrolyzed poly(vinyl
acetate)/water were 1/20, 1/35 and 1/40, respectively. In the case of the 87%
hydrolyzed poly(vinyl acetate), the efficiency yield was 84, 96, and 97 when ratios
between 87% hydrolyzed poly(vinyl acetate) and distilled water werel/20, 1/35, and
1/40, respectively. The encapsulation efficiency of this system was 79, 80 and 81
when the ratios of 87% hydrolyzed poly(vinyl acetate) and distilled water were 1/20,
1/35, and 1/40, respectively.

3.3 Swelling study

The swelling of any capsule in a solvent depends upon the diffusion coefficient of
the solvent, the relaxation rate of the amorphous regions of the polymer chain and its
degree of crystallinity and crosslinking density in the polymer matrix. Figure 5
depicts the swelling ratio of neem Aza-A capsules prepared from different %age
hydrolyzates of poly(vinyl acetate) and crosslinking densities in a water medium and
storage time over 35 h. It is clear that the swelling ratio of capsules obtained from
the 0% hydrolysed poly(vinyl acetate) was lower than that capsule having 40 and 87%
hydrolyzed poly(vinyl acetate) due to lower crosslinking density occurring from the
hydroxyl groups in polymer and glutaraldehyde and the lower crystallinity in the
sample observed from XRD.
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Figure 5 Swelling ratio of capsule with (a) 0, (b) 40, and (c) 87% hydrolyzed
poly(vinyl acetate)

3.4 Release of neem Aza-A from the capsule

The Neem Aza-A was dispersed evenly throughout the matrix of the capsule
and was unable to diffuse to any significant extent within the matrix. However when
the polymer matrix was placed in a thermodynamically compatible medium, the
hydrolyzed poly(vinyl acetate) swelled owing to absorption of the medium, then the
neem Aza-A in the swollen part diffused out of the polymer matrix. The release of
the neem Aza-A from the polymer matrix has been schematically described in Figure
6. In hydrophilic membranes, there usually are both geometric and mechanical
reactions with respect to swelling [19]. At the same time, there are cases where the
polymer matrix exhibits swelling with no significant limitations. The variety of
factors affecting the rate of the diffusion transfer of a solvent, including (a) the
polymer transition from glassy to rubberlike state; (b) relaxation transitions on the
surface and in the bulk of a sample; (c) dependence of the diffusion mobility of water
on its concentration in the polymer;(d) expansion of the sample, reaching several tens
or even a few hundreds percentages with respect to the initial dimensions, requires
development of a complicated multiparametric model of the water transport in

polymers.
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Figure 6 Schematic representation of a swelling type controlled release system of
neem containing Aza-A (I) neem Aza-A entrapped in poly (vinyl alcohol) (II) neem
containing Aza-A entrapped in poly (vinyl alcohol) in a thermodynamically stable
system with H,O diffusing into the polymer matrix. (III) neem Aza-A released into

the H,O system on swelling of the polymer matrix

Results of a study of the effect of the neem Aza-A concentration on its rate of release
in distilled water from capsules with 0, 40 and 87% hydrolyzed poly(vinyl acetate) is
shown in Figure 7 . It is clear that the release rate of neem Aza-A from the
microcapsules was proportional to the release time. The release rate of neem Aza-A

from microcapsules obtained from the non hydrolyzed poly(vinyl acetate) was high
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during the first 10 h followed by a slow release. Release of neem Aza-A from the non
hydrolyzed poly(vinyl acetate) microcapsules was found to be almost complete within
about 15 h. This result indicates that high amounts of neem Aza-A was present on the
surface of the capsules. In the case of capsules obtained from the 40 and 87%
hydrolyzed poly(vinyl acetate), the release rate of neem Aza-A from the
microcapsules was high during the first 15 h. followed by a slow release. Finally,
release of neem Aza-A from  the microcapsules obtained from 40% and 87%
hydrolyzed poly(vinyl acetate) was found to be almost complete within about 25 and
30 h, respectively. This result indicates that neem Aza-A was entrapped in the
polymer matrix crosslinked with glutaraldehyde. This could be explained by the
amount of neem Aza-A released being dependent on its hydrophilicity and

crosslinking density in the polymer matrix.

4 (a) = (b) 4 (9

Cumulative neem Aza-A
N
)
Il

0 5 10 15 20 25 30

Releasing time (h)

Figure 7 Relationship between the release rate of neem Aza-A and the release time
from microcapsules obtained from (a) 0% hydrolyzed poly(vinyl acetate), (b) 40%
hydrolyzed poly(vinyl acetate), and (c) 87% hydrolyzed poly(vinyl acetate)

The effect of the particle size of the capsule on releasing neem Aza-A from the
capsule in aqueous medium is depicted in Figure 8. It is clear that the % cumulative
neem Aza-A of the capsule with 8 micron diameter was higher than that of sample
having a 12 micron diameter due to the higher surface area, leading to a greater

amount of neem Aza-A diffusing in the aqueous phase.
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Figure 8 Relationship between the release rate of neem Aza-A and release time from
microcapsules obtained from 87% hydrolyzed poly(vinyl acetate) having diameters of
(a) 8 and (b) 12 microns

3.5 Photodegradation of unencapsulated and encapsulated neem Aza-A.

The stability of neem Aza-A subjected to UV irradiation is reported in terms
of the %age residual neem Aza-A (Figure 9). It was found that the rate of degradation
of unencapsulated neem Aza-A was much swifter than that of the encapsulated neem
Aza-A. The rate of neem Aza-A degradation reduced rapidly from the time of
initiation and became constant after 30 h of UV irradiation. When the neem oil was
irradiated for 10 and 30 h, the residual neem Aza-A was 50 and 19%, respectively.
This results correspond to those from the work of K. M. S. Sundaram and J. Curry
[20] . They studied the photostabilization of neem-based azadirachtin insecticide
(AZ-A) applied onto a glass surface in the presence of three UV absorbers, 2,4-
dihydroxybenzophenone (Uvinul M-41)0, UM), 4-aminobenzoic acid (PABA) and
Fluorescent brightener-28 (FB-28), a stilbene disulfonic acid derivative. It was found
that for effective photostabilization, both AZ-A and the UV absorber must have
matching UV spectra with a similar Amax. The mechanism of photostabilization was
likely due to either energy transfer from AZ-A to the UV absorber and/or competitive
absorption of UV photons by the absorber. Photoinstability of AZ-A in the presence
of FB-28 was due to energy transfer from the activated FB-28 to AZ-A molecules.
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Based on the UV spectral data, UV protectants can be selected and matched to
stabilize UV-labile pesticides.
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Figure 9 Recovery of neem Aza-A after UV irradiation of (a) unencapsulated neem
Aza-A , and encapsulated neem Aza-A in (b) 0% hydrolyzed poly(vinyl acetate), (c)
40% hydrolyzed poly(vinyl acetate), and (d) 87% hydrolyzed poly(vinyl acetate)

The employed material matrix for encapsulation of neem Aza-A was 0, 40,
and 87% hydrolyzed poly(vinyl acetate). These results show that the efficiency of
thermal stability for encapsulated neem Aza-A obtained from the 87% hydrolyzed
poly(vinyl acetate) was higher than that of other samples. The residual neem Aza-A
for encapsulated neem Aza-A obtained from the non hydrolyzed poly(vinyl acetate)
was 85 and 78% after 10 and 30 h of UV irradiation time. In the case of 40%
hydrolyzed poly(vinyl acetate), the residual neem Aza-A was 88 and 82% after 10 and
30 h of UV irradiation time, respectively. When the degree of hydrolysis of poly(vinyl
acetate) was increased from 40 to 87% and 90%, the residual neem Aza-A was 95%
and 90% after 10 and 30 h of UV irradiation time respectively.

The rate constant values for photodegradation (in hour™) are given in Table 2.
The photodegradation of unencapsulated or encapsulated neem Aza-A under
ultraviolet irradiation were investigated. The rate constant values of unencapsulated

neem Aza-A under ultraviolet irradiation were found to be higher than that of
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encapsulated neem Aza-A. The rate constants of unencapsulated and encapsulated
neem Aza-A derived for the non hydrolyzed poly(vinyl acetate) were 0.014616 and
0.014616 h™', respectively. When the percentage of hydrolyzed poly(vinyl acetate)
was increased from 0 to be 40 or 87%, the rate constants for the encapsulated neem
Aza-A were found to be 0.005447, and 0.002782 h™', respectively. This confirms that
the neem Aza-A was entrapped and partially protected within the hydrolyzed

poly(vinyl acetate) matrix.

Table 2 Rate constant values of unencapsulated or encapsulated neem Aza-A for

photodegradation.
Sample Name Rate constant value of unencapsulated
or encapsulated neem Aza-A for
photodegradation (k, h™)
Unencapsulated neem containing Aza-A 0.014616

Encapsulated neem containing Aza-A obtained %
hydrolyzed polyvinyl acetate

0 0.008287
40 0.005447
87 0.002782

The aim of this part of the investigation was to compare the efficiency of
photodegradation between the encapsulated and unencapsulated neem Aza-A. This
estimation was based on defining the efficiency of the photodegradation data, as the
irradiation time (in hour units) needed to reduce the amount of neem Aza-A to 30% of
the initial value under accelerated conditions is given in Table. 3. It is clear that the
efficiency of photodegradation of unencapsulated neem Aza-A was 3 h. In the case of
encapsulated neem Aza-A, it was found that the efficiency of photodegradation of
encapsulated neem Aza-A was lower than that of unencapsulated neem Aza-A. The
photodegradation of encapsulated neem Aza-A obtained from 0% and 40%

hydrolyzed polyvinyl acetate was 30 h and 50 h, respectively. When the degree of
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hydrolyze poly(vinyl acetate) was increased from 40 to 87%, the photodegradation of
encapsulated neem Aza-A was above 50 h. This indicates that the encapsulated neem

Aza-A helped to improve its stability to photodegradation.

Table 3 Efficiency of photodegraded encapsulated and unencapsulated neem Aza-A

under accelerating condition

Sample Name Efficency of
photodegradation™® (h)

Unencapsulated neem Aza-A 3

Encapsulated neem Aza-A obtained from
% different hydrolyzed polyvinyl acetate

0 30
40 50
87 >50

4. Conclusions

The encapsulation of neem Aza-A was successfully carried out for the first
time in 0%, 40 and 87% hydrolyzed poly (vinyl acetate) capsules, that produced a
slow release of neem Aza-A that is suitable for application in the agricultural industry.
It can be concluded that neem Aza-A is highly photolabile in the presence of UV light.
The encapsulation did improve the stability of neem Aza-A under conditions that
facilitated photodegradation. The swelling of the capsules decreased with the
increasing degree of hydrolysis of the glutaraldehyde crosslinked vinyl acetate. The
capsules obtained from the 87% hydrolyzed poly(vinyl acetate) gave the highest
photodegradative stability of neem Aza-A. Therefore, this method can be used to
enhance the storage of neem Aza-A under conditions that allow for photodegradation.
In the present study, the use of hydrolyzed poly(vinyl acetate) for the controlled
release of neem Aza-A results in increased photodegradation stability with an
extended shelf life of the neem Aza-A.
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Chapter 5

Development of Neem Capsule Via Glutaraldehyde Crosslinked Sodium
Alginate Capsules with Natural Rubber Coating its for its Control Release

ABSTRACT

Nowadays, the use of huge quantity of synthetic pesticides with the conventional
agriculture leads to some important environmental problems. Thus, natural pesticide
was applied for this purposed, but it is not stable under environment. Therefore, the
encapsulation of natural pesticides was obtained by membranes to control the
diffusion of water and the release of the water-soluble active agent and the stability of
natural pesticides under environment. The controlling release of natural liquid
pesticide “neem (Azadiracthin A) seed oil hereafter designated as neem Aza-A, was
achieved by utilization of glutaraldehyde-aglinate gel capsules modified with coated
natural rubber layer. The neem Aza-A containing beads have been prepared by
changing the experimental variables such as the extent of crosslinking and the amount
of loading in order to optimize the process variables. The SEM data indicated that the
structure of the walls the beads are smooth and nonporous. The swelling result
indicates that swelling of the polymeric beads decreases with increasing exposure
time to the crosslinking agent. At particular intervals, the remaining concentration of
neem Aza-A was analyzed by HPLC. The release data have been fitted to an
empirical equation to estimate the kinetic parameter. The degree of release of neem

Aza-A from capsules was controlled by condition parameters.

Keywords: Neem, Encapsulation, Natural rubber, Coaservation
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1. Introduction

The use of synthetic pesticides in the world began in the 1930s and became
widespread after World War II. By 1950, pesticide was found to increase farm yield
far beyond pre-World War II levels [1]. Farmers depend heavily on synthetic
pesticides to control insects in their crops. Today, it is one of the most commonly
used methods in controlling insects but it is relatively high in toxicity and have high
environmental impact. Thus, natural pesticide is applied to solve this problem due to
no residue toxic chemical reagent on environment.

Neem (Azadirachtin indica A.Juss.), a tree, belongs to the Meliaceae family
and is widely distributed in South Asia, South-East Asia, and some other tropical
areas [2-7]. The neem seed kernels contains Azadiracthin-A (Aza-A), which is the
major insecticidal tetranortriterpinoid. Neem Aza-A is a powerful insect antifeedant
and growth-regulating substance, exhibiting considerable promise as an insecticide [2].
It can control at least 200 species of agriculture and storage insect pest belonging to
different orders, but it has short environmental persistence, and causes negligible
hazard to nontarget organisms including humans. Its short environmental persistence
is due to the presence of sensitive moieties such as p-electrons, ester linkages, and
epoxide ring. Thus, Aza-A is highly photolabile, either breaking down or isomerizing
under sunlight. However, the photodegradation of Aza-A in sunlight is the major
problem limiting its use in agriculture because the insecticide should persist long
enough to cause the death of the insect. Many works solve this problem. The
controlled stability of neem containing Aza-A can be done the two major approaches
such as addition of antioxidant in neem solution and encapsulation of neem by
polymer metric. For example, the addition of UV light absorbers can enhance the
photostability of Aza-A [4]. The addition of ferulic acid, gallic acid, and rutin
provided a moderate degree of photostabilization of Aza-A [4].The present patent
invention relates to an improved granular formulation of neem seed extract containing
neem Aza-A having enhanced storage stability [8], and the ability for gradual release
of neem Aza-A for application to plant rhizosphere. The formulation consist of inert
particulate as a carrier at least one lipophilic substance as a deactivator/binder,
optional colorant and neem seed extract containing neem Aza-A [8]. The formulation

provides the gradual release of neem Aza-A and effectively at the point of application.
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This patent also relates to a process for the preparation of the formulation by coating
the carrier with a lipophilic substance, subsequently impregnating the coated carrier
with neem seed extract followed by optional coating with a colorant and finally

lipophilic a substance, such as by spraying and drying at a temperature below 50°C

[8].

The second method is microencapsulation which packages the sensitive ingredients
within a coating or wall material [9-16]. The wall material protects the sensitive
ingredient (or core) against adverse reactions, prevents the loss of volatile ingredients,
and can control the rate of release of the ingredient. In addition, microencapsulation

can convert liquids into free-flowing powders, so that they can be more easily handled.

Preparation of the polymeric granules containing 20, 35 and 50% (w/w) of the

natural liquid pesticide viz., Azadirachta Indica A. Juss. (neem) seed oil (NSO) was
reported by T.M. Aminabhavi and co-worker [5]. The polymer matrices used for
encapsulation were urea formaldehyde crosslinked starch (UF-St), guar gum (UF-GQG)
and UF-(St + GG)[5]. They found that the release of the active ingredient depended
on the type of the matrix and its swelling ability. The percentage loading of NSO with
different matrices and their density exerted an influence on the release data. Then,
they had studied the release kinetics and encapsulation efficiency of urea
formaldehyde (UF) crosslinked matrices of St, GG, and St + GG for the controlled
release of the solid (chlorpyrifos) and liquid (neem seed oil) pesticides [6] in 2001.
They indicated that variable release rates were related to the polymer type and

especially the pesticide type.

The improved granular formulation of neem seed extract containing neem
Aza-A have enhanced storage stability, and the ability to gradually release neem Aza-
A for application in the plant rhizosphere [8]. It was found that the best formulation
contained inert particulate matter as a carrier, at least one lipophilic substance as a
deactivator/binder, optional colorant and neem seed extract containing neem Aza-A.
The invention also required the development of a method for the preparation of the
formulation by coating the carrier with a lipophilic substance, subsequently

impregnating the coated carrier with neem seed extract followed by an optional
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coating with a colorant and finally a lipophilic substance, by spraying and drying at a

temperature below 50°C.

T.M. Aminabbavi. and co-worker studied the encapsulation of a natural liquid
pesticide using sodium alginate (Na-Alg) as a controlled release (CR) polymer after
crosslinking with glutaraldehyde (GA) [10]. They found that the swelling of the
polymeric beads decreased with increasing exposure time to the crosslinking agent.
However, no significant variation in swelling was observed with different amounts of
neem Aza-A loading. In addition, the rate of neem Aza-A from beads released was
very fast. Thus, this work tries to apply the natural rubber coating on sodium alginate
capsule. The sodium alginate Na—Alg has been used as a control release matrix
material in medicine [17-19], membrane [20-22] and agriculture [10, 23-24] after
crosslinking it with calcium chloride. Alginates polysaccharides are known to be
haemocompatible and do not accumulate in any organs of the human body. It has
been reported that glutaraldehyde (GA) solution and alginate can react together by
coacervation due to the chemical reaction between hydroxyl groups of Na—Alg and

GA

In the work presented here we test the feasibility of encapsulating neem Aza-A
in a matrix made from sodium alginate to produce a product with good end-use
properties. To the best of our knowledge, this is the first of its kind of study wherein
the effect of natural rubber coating capsule on release of neem Aza-A from modified
capsules. The effect of physically hydrophobic on alginate bead was also investigated.

The optimum condition and releasing of neem Aza-A from capsule were investigated.

2. Methodology
2.1. Materials

Neem seed kernels were purchased from local Thailand; neem Aza-A extract
was prepared according to the procedure given in detail [1] the sodium alginate,
glutaraldehyde (25% w/v) solution and AR grade methanol samples were all
purchased from Fluka agent, Thailand. Concentrated NR latex used in this study is

high ammonia latex received from Jana company, Co., Ltd. ( Songkhla Thailand)

2.2. Methods
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2.2.1. Preparation of capsule beads and efficiency of entrapment

A 4% sodium alginate solution in distilled water was prepared by heating
mental. After complete cooling the amounts of neem Aza-A (7000 ppm) was added
and mixed thoroughly using a magnetic stirrer. The polymer solution containing neem
Aza-A was added dropwise into methanol containing 1% glutaraldehyde and 1% of 1
N HCI, using a 25-ml hypodermic syringe (0.8 mm diameter) with constant stirring.
The beads formed were removed from methanol at a selected time interval say 10, 20
and 30 min. The beads were washed with water and then dried. The efficiency of
entrapment was calculated as the ratio between the initial mass of neem Aza-A to be
encapsulated and its mass in the final product. About 20 mg of exactly weighed
microcapsule sample was extracted in distilled water to form a homogeneous solution.
The total neem Aza-A in the solution was extracted for 48 h with a 50/50 MeOH/H,O

mixture and its mass was determined by HPLC (PerkinElmer LC).

2.2.2. Drying rate study of the beads

A 3 samples of the beads formed after crosslinking with GA were selected for the
drying study and were allowed to dry in an oven (VELP) maintained at 31+ 2°C (the
initial mass of the beads should be nearly equal). The masses of the beads were taken
at definite intervals of time until the constant mass was achieved. All the mass
measurements were done on a Mettler single pan balance (Model AB 204, Mettler). In
order to obtain reproducible results, experiments were conducted in triplicate, and the

average values were used for the calculation and plotting of the data vs. time.
2.2.3 Coating of capsule with NR

Concentrated NR latex used in this study is high ammonia latex received from

Jana company, Co., Ltd. ( Songkla Thailand).

% TSC of latex is defined as the percentage by weight of the concentrated
latex which is non-volatile at a definite temperature in an open atmosphere. The
%TSC of concentrated NR latex in this study was determined by using method
described in ASTM D107688 as shown in equation (1).

%TSC = (W/Wt)*100............ (1)

Where, W = weight of dry NR sample (g)
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Wt = weight of NR latex sample (g)

%DRC of latex is defined as the percentage by weight of the concentrated
latex which is precipitated by acetic acid. The %DRC of concentrated NR latex was
determined (equation 2) by using method described in ASTM D1076-88 .

%DRC = (Wx/Wt) ¥100..................... (2)
Where, W = weight of dry NR coagulum (g)
Wt = weight of NR latex sample (g)

The 5 g of dried natural rubber were dissolved in toluene (50 ml) in beaker
(250 ml). The capsules (5 g) were dipped to the toluene solution and dried at room

temperature.

So, the dry capsules of crosslinked sodium alginate mixed with neem Aza-A (7000
ppm) were dipped into a toluene solution of natural rubber (5% w/w).Then, the
coating capsules were dried at 30 °C for 24 h. Multiple coatings were prepared by the
immersion of the single-coated neem capsules into a natural rubber with 30%DRC.
Thereafter, the procedure was the same as during the preparation of single-coated
neem capsules. The third-coated neem capsules were derived by the dipping of
double-coated neem capsules into a natural rubber with 30%DRC and then the same
methodology as that given above mention. Fourth-coatings were prepared by the
immersion of the third-coated neem capsules into a natural rubber with 60 DRC and

dried at 60°C until its weight was constant.
2.2.4. Bead size measurement

Five samples of the completely dried beads from different formulations were
selected and their sizes were measured by using a micrometer screw gauge (Sargent,

USA) with an accuracy of £0.01 mm.
2.2.5. Swelling study of the individual beads

Swelling property of the beads was subjected to a measurement of swelling ratio
in aqueous medium as a function of time. The bead samples exposed to GA at
different time at 26+2°C were selected and incubated with distilled water in a watch
glass. The mass of all bead samples was taken at different interval period times and
the average value was calculated. During this process, care should be exercised while

it was handed of the swollen beads so as to avoid any weight loss due to breaking or
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erosion of the beads. All the mass measurements of the swollen beads were taken on a
Mettler single pan balance and having accuracy up to fifth decimal. The percentage

swelling ratio of bead was calculated as in equation 3.

%Swelling ratio = (Wet weight-dry weight)*100 i (3)

dry weight

2.2.6. Fourier transforms infrared (FTIR) measurements

Fourier transforms infrared; FTIR (Bruker, EQUINOX 55) spectral data
were obtained to detect any chemical interactions between neem and sodium

alginate and sodium alginate alone.
2.2.7. Scanning electron microscope (SEM)

The aim of SEM study is to obtain a topographical characterization of
beads. The sample was deposited on brass hold and sputtered with gold. SEM
photographs were taken with JSM 6400 Scanning Microscope (Japan) at the

required magnification at room temperature.
2.2.8 Thermogravimetric Analysis (TGA)

Thermal studies were conducted with Mettler-Toledo instrument (TGA/SDTA
851) analysis the heating rate for the thermogravimetric analysis of sodium alginate alone
and capsule beads was 30°C/min. A small amount (1-3 mg) of sample was taken for
the analysis and the samples heated from 30 to 800°C at in nitrogen. The TGA and

DTG curves are drawn for each sample.
2.2.9 Content uniformity, Dissolution and Releasing studies

Beads were evaluated for the neem content and this was done by refluxing a
known mass of the beads with 100 ml of methanol at 65°C. Refluxing was continued
for 1 h to ensure complete extraction of neem from the beads. Then the absorbance of
methanol containing the extracted amount of neem was taken at a wavelength of

211nm in a HPLC (PerkinElmer LC) using pure methanol as a blank.

The dissolution study was done in 250-ml conical flasks containing the dissolution
media (0.1% Tween-80 solution in distilled water) with the closer caps which were

kept in an incubator (WTB Binder, Germany) maintained at 35°C. Two to three beads
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weighing about 10 mg were taken in the dissolution media. At definite intervals of
time, the conical flasks were shaken well and a 10-ml aliquot was taken for the
analysis of neem Aza-A using HPLC (PerkinElmer LC) at 211 nm. Experiments were
performed in triplicate in order to minimize the variation error. The cumulatively

release of neem Aza-A from capsule beads was estimated from.

The release results were investigated by using an empirical equation to estimate the

value of n as follows (equation 4)

Mt/Meo = Kt" or log (Mt/Meo) = log (K) +nlog(t).........cceuvee.... (4)

Where Mt/Me is the released fraction at time t, n is the release exponent, and K is the
release factor. From the slope and intercept of the plot of log (Mt/M®) against log (t),

kinetic parameters n was calculated.
3. Results and discussion

The definition of encapsulation is a process in which thin films, generally of
polymeric material is applied to little solid particles, liquid or gases droplets. This
method is used to trap active components and release them under controlled
conditions. The reactive agents have been encapsulated in the agriculture industry,
fertilizer and pesticide. This work is focused on the development of a new neem
encapsulation using a sodium alginate matrix through coaservation and coated with
natural rubber. Alginate is extracted from brown seaweed; it has free carboxylic
groups which react with divalent captions, mainly calcium, to form stable gels. Neem
contains major Azadirachtin-A, a powerful insect antifeedant and growth-regulating
substance with exceptional environmental characteristics. However, the use of
azadirachtin-based neem pesticides may be limited by the acid and base sensitivity of
the compound and its susceptibility to photodegradation due to presence of light-
absorbing moieties 2, 3. Therefore, the aim of this paper is to apply the
encapsulation techniques of solving this problem. The encapsulation of neem Aza-A
by sodium alginate as called capsules and the efficiency of neem Aza-A encapsulation
were improved to coat the capsule with natural rubber. The characterization of
resulting capsules is the thermal property and release study. The crosslinking between
sodium alginate and glutaral aldehyde are shown in Figurel. Sodium alginate can be

crosslinked with glutaraldehyde GA , the chemical reaction between hydroxyl groups
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of sodium alginate and GA was confirmed by fourier transform infrared FTIR
measurements as shown in Figure 2. The crosslinking ability of alginate as a
function of alginate composition and length of the molecule has been used here to
crosslink it with GA.

Tablel Particle size, efficiency of yield and efficiency of encapsulation obtained at

different ratios between polymer and distilled water containing glutaraldehyde 5%

w/v and 0.1 % hydrochloric aci

Time of % Neem Aza Bead diameter % Entrapment efficiency
exposure to 5% loading (mm)
GA (min)
10 5 1.11£0.12 91.2+1.2
10 1.2540.12 89.1£1.3
20 1.28+0.14 852t 1.1
20 5 1.28+0.22 89.7£1.3
10 1.3240.13 88.8+1.4
20 1.48+0.12 83.7£1.4
5 1.3540.22 80.6x1.5
30 10 1.43%0.15 78.4%1.4
20 1.45%0.17 73.6£1.6
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Figure 1 Reaction between sodium alginate and gluraldehyde by hydrolic acid as
catalyst
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Figure 2 FTIR spectra of (a) pure sodium alginate , (b) capsule containing neem Aza-A

3.1Preparation of neem capsules

The encapsulation of neem (as called capsule) was prepared by sodium alginate as a
controlled release polymer after crosslinking with glutaraldehyde, and then the
capsule was coated with natural rubber solution. The optimum condition for
encapsulation of neem such as storage time in glutaraldehyde solution was
investigated. In order to optimize the drying conditions, some samples of the beads
with different extent of crosslinking were selected such that the initial weight is nearly

equal.

The percentage entrapment efficiency was varied by varying exposure time
periods to the crosslinking agent. It was found that the percentage entrapment
efficiency decreased drastically with a decrease in aqueous medium. Beads produced
in 5.0% HCI in methanol at 298°C exposed for10 min showed the highest entrapment
efficiency i.e., 91.2% and the lowest entrapment efficiency i.e., 73.6% was observed
for 0.5% HCI content in methanol at 298°C exposed for 30 min as shown in Table 1.
Neem Aza-A is soluble in aqueous media and hence, an increase in the percentage

entrapment efficiency was observed with an decreasing storage time period in
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glutaraldehyde containing HCI as a catalyst due to the increased release of the neem

Aza-A from the matrix at longer time of exposure.
3.2 Drying study of capsule

Results of drying is presented in Figure 3 indicate that the beads with longer
time of exposure to the crosslinking agent exhibit higher drying rates than the beads
exposed to shorter time to glutaraldehyde. The beads exposed for 10 min dried
quickly (i.e., within 40 h) when compared to beads exposed to the crosslinking agent
for 30 min (i.e., 72 h), while an intermediary drying time (i.e. 60 h) was required by
the beads exposed to crosslinking for 20 min. This may be due to an increased rigidity
of the polymer formed after a longer exposure time to the crosslinking agent thereby

showing a decreased desorption rate of liquid from the beads.

0.12
0.1 } —+—(a) =~ (b) ——(c)
0.08 Tl
0.06
0.04 %
0.02

O \ \ \ \ \ \
0 20 40 60 80 100

Drying time (h)

Weight of capsules (g)

Figure 3 Effect of crosslinking on drying of beads at (a) 10, (b) 20 and (c) 30 min exposured
to glutaldehyde solution.

3.3 Swelling ratio of capsule

Figure 4 reveals the effect of crosslinking on percentage of swelling ratio by
beads at various exposure times to glutaraldehyde. It was found that all the beads

show a maximum amount of water absorption during the first hour, but beads formed
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by exposing for only 10 min to the crosslinking agent absorb more water than the
beads formed by exposing for 20 and 30 min. The particles produced in this work
were analyzed for their sizes using the light scattering method. Aza-A release from
the beads were subjected to a number of physical and chemical parameters including
those related directly to the release medium, the release conditions (temperature) and
those resulting from change in the characteristics of the controlling release device

(beads).

%Swelling ratio

0 J J J J J J J J J !

020 40 60 8 100 120 140 160 180

Time (h)

Figure 4 Effect of crosslinking on percentage of swelling ratio by beads at (a) 10, (b)
20 and (c) 30 min exposure to glutaraldehyde.

Figure 5 exhibit the effect of natural rubber layer on percentage of swelling
by beads prepared at 30 min storage time of glutaldehyde solution. From the results
reported in section, it can be said that the structure of capsules with influence the
release rate of neem Aza-A should be improved by coating the capsule with NR.
Diffusion in polymers is an important mechanism in pharmacy for the controlled
release of drugs [9]. Diffusion in polymeric systems is passive, if the driving force is
purely a brownian molecular motion, but diffusion can also be activated by external
effects, either by the influence of the release medium by swelling or biodegradation,

or by the effects of physical forces as electrical, osmotic or convective forces. The
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fundamental of diffusion is based on Fick's laws which describe the macroscopic

transport of molecules by a concentration gradient [9].
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Figure 5 Effect of NR layer on percentage of water uptake by beads at (a) 1 (b) 2 and (c) 3
NR layer

The suitable coating material must be nonreactive, essentially immiscible with the
material being encapsulated and capable of being rapidly hardened to form a film.
Natural rubber was selected to be a coating agent of neem Aza A-sodium alginate
capsules to provide an adequate barrier wall. So, the dry capsules of crosslinked
sodium alginate mixed with neem Aza-A (7000 ppm) were dipped into a toluene
solution of natural rubber (5% w/w).Then, the coating capsules were dried at 30 °C
for 24 h. Multiple coatings were prepared by the immersion of the single-coated
neem Aza-A capsules into a natural rubber with 30 DRC. Thereafter, the procedure

was the same as during the preparation of single-coated neem Aza-A capsules. The
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third-coated neem Aza-A capsules were derived by the dipping of double-coated
neem Aza-A capsules into a NR with 30%DRC and then the same methodology as
that given above mention. Fourth-coatings were prepared by the immersion of the
third-coated neem Aza-A capsules into a natural rubber with 30% DRC and dried at
60°C until its weight was constant. It is clear that the rate of swelling decreased
dramatically after coating neem Aza-A capsule with NR compared with that of the
bead without coating. When NR layer on capsules increased, the swelling ratio of
these resulting capsules dramatically decreased, especially capsule bead obtained
from four-coated NR. The swelling ratio of neem Aza-A obtained from first-coated
neem Aza-A in aqueous medium at 2, 24, 72 and 240 h of storage neem Aza-A was
10, 29, 38 and 60%, respectively. When the NR-coated on capsules increased from 1
to be 3 layers, the swelling ratio of neem Aza-A obtained from first-coated neem Aza-
A in aqueous medium at 2, 24, 72 and 240 h of storage neem Aza-A was 2, 5, 5 and
30%, respectively.

3.4 Morphology of capsules

The particles produced in this work were analyzed for their sizes using the light
scattering method. The SEM photographs of capsule were shown in Figure 6 and it is
clear that the particles are egg in shape. The mean particle size was 0.14 mm observed
by both OM and SEM. After the capsules were coated with NR, their diameter was
drastically increased from 0.14 mm to be 3 mm and more smooth on surface of casule

was also observed.
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Figure 6 Scanning electron microscopic photographs of capsule beads (a) without and
(b) with NR coating from 30 min of storage time in glutaraldehyde solution

3.5 Release rate study of sodium alginate capsule

Aza-A release from the beads were subjected to a number of physical and
chemical parameters including those related directly to the release medium, the
release conditions (temperature) and those resulting from change in the characteristics
of the controlling release device (beads). The effect of degree of crosslinking of
sodium alginate beads on the kinetics of Aza-A release is depicted in Figure 7. It is
found that the higher the exposure time to glutaraldehyde the higher the release rate.
The release rate of Aza-A beads at 10 min with exposure to glutaraldehyde have
shown 100% release in the 5 hour, whereas the Aza-loaded beads with exposure to
glutaraldehyde have shown 100% at 10 hour, but Aza-A-loaded beads with exposure
to glutaraldehyde have shown 100% release at 25 hour. To observe the effect of the
extent of crosslinking on the release kinetics of the beads exposed to the crosslinking
agent, exposure to glutaraldehyde at 30 min were selected for NR coating.

The n value is an empirical parameter characterizing the release mechanism [10].
On the basis of the diffusion exponent, an n value of 0.5 indicates the nutrient release
mechanism approaches to a Fickian diffusion controlled release, whereas n equal to

1.0 indicates the nutrient release mechanism approaches to zero-order release.
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Figure 7 Effect of crosslinking on the release neem for capsules (I) uncoated natural
rubber at (a) 10, (b) 20 and 30 min in glutaraldehyde without coating NR

The n value from 0.5 to 1.0 is a reactive agent release mechanism for non-Fickian
diffusion or chain relaxation control release. From the plot of log (Mt/Me) against
log(t), release exponent (n) has been calculated as shown Figure 8. It was found that
the n value is in the range from 0.3515 to 0.6258. The n value of sample obtained
from 30 min storage time in glutaraldehyde solution indicating that the release in this
system deviate from Fickian diffusion controlled release. The n of capsule beads
obtained from 10 and 20 min of storage time was 0.599 and 0.6258, respectively,

indicating that these system exhibit non-Fickian diffusion.
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Figure 8 Fitting of release kinetics of neem Aza-A from capsule with uncoated
natural rubber at (a) 10, (b) 20 and 30 min in glutaraldehyde without coating NR by
the power law

The effect of release rate of Aza-A from the beads coated with different layers
of natural rubber and exposed for 30 min to glutaraldehyde are presented in Figure 9.
The release profile from neem Aza-A without NR coating is also shown for
comparison. It is obvious that the neem Aza-A release rate is reduced significantly by
NR coating, which is consistent with the results of the swelling study. The natural
rubber film is very strong, rigid and hard to swell, so the diffusion through this
coating is the rate limiting step for swelling and neem-A release. The release was
prolonged by additional natural rubber layers on the capsule surface. The neem Aza-
A cumulatively release of capsule derived from 2, 24, 72 and 240 in aqueous medium
was 31, 69, 81 and 100%, respectively and when NR coated on capsule increase from

1 to be 3 layers, the neem Aza-A cumulatively release of capsule stored in at the
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same condition was 8, 29, 36 and 60%, respectively. It is to be noted that with an

increase in NR coating, the capsule matrix becomes more dense resulting in a

decrease in the rate of diffusion of neem Aza-A through the swollen beads, especially

beads with fourth- NR coating. The n value of neem Aza-A coated with NR is

represented in Table 2, estimated from Figure 10. It was found that the n value of this
sample obtained from 0, 1, 2 and 3 layers was 0.3515, 0.3766, 0.4476 and 0.3497,
respevtively at regression of 0.9988, 0.9875, 0.9870 and 0.9991,respectively.Thus, the

neem Aza-A release mechanism of beaded coated with NR was Fickian diffusion.
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Figure 9 Effect of NR coating on the release neem Aza-A for capsules coated with
natural rubber (a) 0 (b) 1 (c) 2, (d) 3 and 4 layer of NR
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Figurel0 Fitting of release kinetics of neem Aza-A from capsule with uncoated
natural rubber (a) and coated NR at (b) 1, (¢) 2 and (d) 3 layer in glutaraldehyde by
the power law

Table 2 The results of n and r calculated from Eq. (10)

Storage time in n R’
glutaralaldehyde NR coating
number
10 0 0.6258 0.9994
20 0 0.599 1.000
30 0 0.3515 0.9988
30 1 0.3766 0.9875
30 2 0.4476 0.9870
30 3 0.3497 0.9991

3.6 Thermal stability of capsules
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The increase in NR layer on capsule was further confirmed by TGA analysis.
The weight loss before 400°C in the TGA curves was attributed to the thermal
degradation of polymer coating from capsules, from which the polymer content in the
capsules particle. The TGA and derivative thermogravimetry (DTG) curves for the
pyrolysis of capsules are shown in Figure 11, respectively. It was found that pure
sodium alginate began to degage at 100°C and the residue left was about 0% at 450°C
and reaches to maximum at 243°C. The natural rubber shows better thermal stability
than that of sodium alginate alone. For neem Aza-A capsules, the degradation of
neem Aza-A experienced a comparatively long time and wide temperature range until
450°C. In the case of capsule NR coating, below 250°C there is no degradation. In the
temperature range of 250-400°C about 85% of the material is degraded. During this
stage weight loss and volatilization of degradation products take place rapidly.
Beyond 420°C the weight loss is about 6-7%. The weight loss contents of capsule
with NR coating at from 320 to 450°C increased with NR coating layers on capsules.
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Figure 11 Thermal stability of sodium alginate alone (a) and capsule with at (b) 0, (c) 1, (d)
2, and (c) 3 layer NR coating observed by TGA, I (TGA) and II (DTGA)
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4. Conclusion

Experimental results suggest that neem Aza-A can be successfully encapsulated into
the sodium-alginated containing glutaraldehyde and then it was coated with NR
matrix. After the capsules using sodium alginate matrix were coated with NR, the
surface capsules was quite roughness. NR coating the neem Aza-A-sodium alginate
capsules had a pronounced effect on slow release neem Aza-A. The NR could be used
as an adequate barrier of the capsules to give better distribution of urea in sodium
alginate matrix and consequently more efficient release of neem Aza-A as compared
to the uncoated capsules. The rate of neem Aza-A release decreased with the increase
in dipping time in NR latex. The rate of release of neem Aza-A from capsule in
aqueous medium depends on exposure times to glutaraldehyde and a number of layers

of NR on its surface capsule.
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Chapter 6

Preparation and Characterization of Neem Capsule Via Glutaraldehyde
Crosslinked Sodium Alginate and Poly (Vinyl Alcohol) Blend for Its
Control Release

ABSTRACT

Recently, the use of huge quantity of synthetic pesticides with the
conventional agriculture leads to some important environmental problems. Thus,
natural pesticide was applied for this purposed, but it is not stable under environment.
Therefore, the encapsulation of natural pesticides was obtained by membranes to
control the diffusion of water and the release of the water-soluble active agent and the
stability of natural pesticides under environment. The controlling release of natural
liquid pesticide “neem (Azadiracthin A) seed oil hereafter designated as Aza, was
achieved by utilization of glutaraldehyde-aglinate gel and poly (vinyl alcohol)
capsules. The Aza-containing beads have been prepared by changing the experimental
variables such as the extent of crosslinking, blend ratio and the amount of loading in
order to optimize the process variables. The chemical structure of capsule wall was
evaluated through FTIR, and XRD. In addition, the swelling behavior of capsule and
thermal stability of capsule were investigated in this work. The strength of capsule
wall depended on the poly(vinyl alcohol) in matrix and crosslinking density. SEM,
EPMA and AFM data indicated that the structure of the walls the beads are rough and
nonporous. The swelling results indicated that swelling of the polymeric beads
decreases with increasing exposure time to the crosslinking agent. At particular
intervals, the remaining concentration of Aza was analyzed by HPLC. The release
data have been fitted to an empirical equation to estimate the kinetic parameter. The

degree of release of Aza was controlled by condition parameters.
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1. Introduction

The possible application of biosemi-interpenetrating polymer network are applied in
medicine, biosensor, sensitized solar cell, antimicrobial materials, photonics, tissue
engineering, nano composites, catalyst and membranes due to low toxicity and
biocompatibility [1-3]. In addition, its advantages are capability of undergoing first-
order ionic strength and electric field. The polymer, used to produce semi-
interpenetrating, are poly (vinyl alcohol), polystyrene, polymethacrylate and chitosan
[2]. The use of polysaccharide as biopolymer has recently gained great important
in view of low toxicity and high biocompatibility. The definition of encapsulation is a
process in which thin films, generally of polymeric material based on biopolymer is
applied to little solid particles, liquid or gases droplets [4]. This method is used to trap
active components and release them under controlled conditions. The reactive agents
have been encapsulated in the agriculture industry, fertilizer and pesticide [5]. This
work is focused on the development of a new neem encapsulation using a sodium
alginate matrix through coaservation and coated with natural rubber. Alginate is
extracted from brown seaweed; it has free carboxylic groups which react with divalent
cations, mainly calcium, to form stable gels. The use of conventional broad-spectrum
synthetic insecticides is rapidly declining due to public concern and regulatory
demands for selective and environmentally benign pest control the development of
natural insecticides originating from plants, which are believed to be innocuous [3].
Currently, attention is being focused on the use of neem-based botanical insecticide.
Neem (Azadirachtin indica A.Juss.) is a tree that belongs to the Meliaceae family and
is widely distributed in South Asia, South-East Asia, and some other tropical areas. In
the present paper we have studied controlling the release onset time of neem from the
glutaralaldehyde alginate gel bead and polymer blend between sodium alginate and
polyvinyl alcohol. The effect of physically hydrophobic on alginate bead and polymer
blend bead was also investigated. Alginate made from brown algae which is an
anionic linear polysacaride consisted of 1,4-linked B-D-mannuronates residues and
1,4-linked a-1-guluronates in different proportions [4] The advantages of alginate are
hydrophiic, biocompatible, and relatively economical. Thus, it has been widely used
in medical application. PVA are widely used in medical material because PVA posses
some useful properties such as non-toxicity biocompatibility, high hydrophilicity and

chemical and mechanical resistance. Two biodegradable polymers are applied use a
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polymeric metric for preparing neem Aza-A capsule. In 2000, they had studied the
release kinetics and encapsulation efficiency of urea formaldehyde (UF) crosslinked
matrices of starch (St), guar gum (GG), and starch + guar gum (St + GG) for the
controlled release of the solid (chlorpyrifos) and liquid (neem seed oil) pesticides [6].
They observed that variable release rates were related to the polymer type and
especially the pesticide type. It was possible to slow the release rates of pesticides
using cheap available materials such as starch and guar gum. G.M. Chandrasekaran
invented an improved granular formulation of neem seed extract containing Aza-A
having enhanced storage stability, and the ability to gradually release Aza-A for
application in the plant rhizosphere[7]. It was found that the best formulation
contained inert particulate matter as a carrier, at least one lipophilic substance as a
deactivator/binder, optional colorant and neem seed extract containing Aza-A. The
formulation allowed for an effective gradual release of Aza-A at the point of
application. The invention also required the development of a method for the
preparation of the formulation by coating the carrier with a lipophilic substance,
subsequently impregnating the coated carrier with neem seed extract followed by an
optional coating with a colorant and finally a lipophilic substance, such as by spraying
and drying at a temperature below 50°C. T.M. Aminabbavi. and co-worker studied the
encapsulation of a natural liquid pesticide “neem (Azadirachta Indica A. Juss.) seed
oil” hereafter designated as NSO, using sodium alginate (Na-Alg) as a controlled
release (CR) polymer after crosslinking with glutaraldehyde (GA) [8]. They found
that the swelling of the polymeric beads decreased with increasing exposure time to
the crosslinking agent. However, no significant variation in swelling was observed
with different amounts of NSO loading. In order to understand the crosslinkability
and its effect on the NSO release patterns of the beads, an attempt was made to
calculate the molar mass between crosslinks using the Flory—Rehner equation. The
release data have been fitted to an empirical equation to estimate the kinetic
parameters. In this work, the neem had been encapsulated in the partially hydrolyzed
polyvinyl acetated (or poly (vinyl alcohol)) by spray drying. Polyvinyl alcohol has
been used as a polymer matrix for encapsulation of the reactive agents [9-14] Spray
drying is used for producing pharmaceutical powders for inhalation, etc [15-21]. The
production method has a major effect on the physical properties, such as flowability,
hygroscopicity and dissolution, due to variation of the physical state (amorphous

versus crystalline), particle size and composition at the particle surface. In addition,
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the biological activity of proteins, etc. included in the particles is influenced by the
drying process. In the particular case of spray drying, several processes impose
stresses that can destabilize proteins and peptides, such as high pressure, high shear
and immense air—liquid interfaces during atomisation, heating and dehydration [18].
In this process, the sensitive ingredient was mixed or homogenized in a solution
containing wall material to form a stable emulsion. The emulsion was then fed into a
spray dryer where it was converted to a dried particle. However, spray drying
provides the possibility of creating particles with the active protein in one step, which
are suitable for inhalation [18]. In a similar way to stabilizing proteins during freeze-
drying, it was found that addition of disaccharides (such as sucrose and trehalose) or
amino acids (such as arginine hydrochloride) to the liquid formulation increased the
stability during spray drying and subsequent storage. In this process, the sensitive
ingredient was mixed or homogenized in a solution containing wall material to form a
stable emulsion. The emulsion is then fed into a spray dryer where it is converted to a
dried particle. The preparation of the neem-Aza A capsule based on sodium alginate
and Poly (vinyl alcohol) (PVA) using as the crosslinking agent have not been found in

the literature reviews.

To the best of our knowledge, this is the first of its kind of study wherein the
two biodegradable polymer (PVA and sodium alginate) beads containing Aza are
being prepared by coaservation technique. In the work presented here we test the
feasibility of encapsulating Aza in a matrix made from poly (vinyl alcohol) and

sodium alginate to produce a product with good end-use properties.
2. Methodology
2.1 Materials

Neem seed kernels were purchased from local Thailand. A 4% sodium alginate
solution in distilled water was prepared by gentle heating. After complete cooling
different amounts of neem were added and mixed thoroughly using a magnetic stirrer.
The polymer solution containing neem ( sodium alginate alone or mixture of 75%
sodium alginate and 25% polyvinyl alcohol) was added dropwise into methanol
containing 1% glutaraldehyde and 1% of 1 N HCI, using a 25-ml hypodermic syringe

(1 mm diameter) with constant stirring. The beads formed were removed from
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methanol at a selected time interval say 10, 20 and 30 min. The beads were washed
with water and then dried. At particular intervals, the remaining concentration of Aza
was analyzed by HPLC. About 20 mg exactly weighed microcapsule sample was
extracted in distilled water to form homogeneous solution for 48 h. The total Aza-A in
the solution was extracted by mixture between 50/50 MeOH/H,0O and its mass was
determined by a HPLC. The morphology of capsule was investigated by SEM.
Sodium alginate, glutaraldehyde (25% w/v) solution and AR grade methanol samples
were all purchased from Fluka agent, Thailand. The concentrated NR latex used in
this study is a high ammonia latex received from Jana company, Co., Ltd. ( Songkla

Thailand)

2.2 Methods

2.2.1 Preparation of capsule beads and efficiency of entrapment

A 4% sodium alginate solution in distilled water was prepared in a heating
mantle. After complete cooling neem Aza-A (7000 ppm) was added at different
concentrations and mixed thoroughly using a magnetic stirrer. The polymer solution
containing neem Aza-A was added dropwise into methanol containing 1%
glutaraldehyde and 1% of 1 N HCI, using a 25-ml hypodermic syringe (0.8 mm
diameter) with constant stirring. The beads formed were removed from methanol after
10, 20 and 30 min. The beads were washed with water and then dried. The efficiency
of entrapment was calculated as the ratio between the initial mass of neem Aza-A to
be encapsulated and its mass in the final product. About 20 mg of the exactly weighed
microcapsule sample was mixed in distilled water (250 ml) to form a homogeneous
suspension. The total neem Aza-A in the solution was extracted with a 50/50
MeOH/H;0 mixture for 48 h and the amount was determined by HPLC (PerkinElmer
LC).

2.2.2 Drying rate study of the beads

3 equal samples of the beads formed after crosslinking with GA were selected for
the drying study and were allowed to dry in an oven (VELP) maintained at 31+ 2°C
The bead weights were taken at definite time intervals until constant weights were
achieved. All the weight measurements were made on a Mettler single pan balance

(Model AB 204, Mettler). In order to obtain reproducible results, experiments were
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conducted in triplicate, and the average values were used for the calculation and

plotting of the data vs. time.
2.2.3 Bead size measurement

Five samples of the completely dried beads from the different formulations were
selected and their sizes were measured using a micrometer screw gauge (Sargent,

USA) with an accuracy of £0.01 mm.
2.2.4 Swelling study of the individual beads

The swelling property of the beads was subjected to a measurement of their
swelling ratio in an aqueous medium as a function of time. The bead samples exposed
to GA for different times at 26+2°C were selected and incubated with distilled water
in a watch glass. The mass of all bead samples was taken at measured time intervals
and the average value was calculated. During this process, care was exercised during
handling of the swollen beads to avoid any weight loss due to breaking or erosion of
the beads. All the weight measurements of the swollen beads were taken on a Mettler
single pan balance with accuracy up to the fifth decimal. The percentage swelling

ratio of the beads was calculated as in equation 1.

%Swelling ratio = (Wet weight-dry weight)*100

dry weight

2.2.5 Fourier transformed infrared (FTIR) measurements

Fourier transformed infrared; FTIR (Bruker, EQUINOX 55) spectral data
were obtained to detect any chemical interactions between neem and the sodium

alginate and sodium alginate alone.
2.2.6 Scanning electron microscope (SEM)

The aim of the SEM study was to obtain a topographical characterization
of the beads. The sample was deposited on a brass hold and sputtered with gold.
SEM photographs were taken with a JSM 6400 Scanning Microscope (Japan) at

the required magnification at room temperature. +

2.2.7Electron probe microanalysis (EPMA)
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The capsule specimen was analyzed with a fully shielded CAMECA-SXR-
50 electron probe microanalysis (EPMA) device equipped with four spectrometers
and operated at 20 keV. Secondary electron (SE) imaging was conducted on the

specimens.
2.2.8 Atomic force microscope (AFM)

An Atomic Force Microscope - Multimode Nanoscope IIIA from Digital
Instruments, Santa Barbara, USA, was employed to investigate the topology,
surface roughness of capsule , in contact mode. The specimen was probed with
silicon nitride (Si3N4) tip at spring constant of 0.12 N/m. Tip velocity of 5 mm/s
was used. The height and deflection images were recorded with the resolution of

512 lines.
2.2.9 Thermogravimetric Analysis (TGA)

Thermal studies were conducted with a Mettler-Toledo instrument (TGA/SDTA
851). The heating rate for thermogravimetric analysis of sodium alginate alone and the
capsule beads was 30°C/min. A small amount (1-3 mg) of sample was taken for the
analysis and the samples heated from 30 to 800°C in nitrogen. The TGA and DTG

curves have been drawn for each sample.
2.2.10 Content uniformity, Dissolution and Releasing studies

Beads were evaluated for their neem content by refluxing a known mass of the
beads with 100 ml of methanol at 65°C. Refluxing was continued for 1 h to ensure
complete extraction of neem from the beads. The absorbance of the methanol solution
containing the extracted neem was measured at 211nm in a HPLC (PerkinElmer LC)

using pure methanol as a blank.

The dissolution study was carried out in 250-ml conical flasks containing the
dissolution medium (0.1% Tween-80 solution in distilled water) with closure caps and
kept at 35°C in an incubator (WTB Binder, Germany). Two or three beads weighing
about 10 mg were taken added to the dissolution medium. At definite time intervals of
time, the conical flasks were well shaken well and a 10-ml aliquot was taken for the
analysis of neem Aza-A using HPLC (PerkinElmer LC) at 211 nm. Experiments were
performed in triplicate in order to minimize the variation error. The cumulative
release of neem Aza-A from the capsule beads was estimated using an empirical

equation to estimate the value of n as follows (equation 2)
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Mt/Meo = Kt" or log (Mt/Moo) = log (K) +nlog(t)..........ccven..... (2)

Where Mt/Moo is the released fraction at time t, n is the release exponent, and K is the
release factor. From the slope and intercept of the plot of log (Mt/M®) against log (t),

the kinetic parameter n was calculated.
3. Results and discussion

3.1Preparation of Aza-A neem capsule obtained from blend between sodium alginate

and poly(vinyl alcohol)

The encapsulation of neem (as called capsule) was obtained by using sodium
alginate as a controlled release polymer after crosslinking with glutaraldehyde, and
then the capsule was coated NR. Capsules were prepared using sodium alginate and
PVA solutions at 5% (w/v) concentrations identified in Table 1. The average
diameter of the capsules ranged from 1.2 to 1.4 mm. As shown in Table 1, the EE,
expressed as the percentage of Aza entrapped, decreased with an increase in
concentration of neem, going from 84% for the 2.5 % neem down to 72% for the 5 g
of neem. It must be pointed out that the concentration of neem had also a marked
influence on the neem loss from the capsules. Capsules formed using mixture between
5 g alginate solution and 5 g PVA solution and 5 g neem were very weak and loose,
whereas capsules prepared with the solution at mixture between 5 g alginate
solution and 5 g PVA solution and 5 g neem were more compact and had an
appropriate mechanical resistance. The appearance of all capsules were spherical
shape, exception at sample obtained from mixture between 2.5 g alginate solution
and 7.5 g PVA solution and 2 g neem and capsule derived from10 g PVA solution and

2 g neem due its rheology of solution.
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Table 1 Concentration of alginate and PV A solution, glutaral aldehyde concentration,
EE and neem content of capsules and appearance and particle size of capsule
Interaction between PVA and sodium alginate by FTIR and XRD

run  5%PVA  5%NaAg Neem GA Appearance  Particle size
(2 (2) Aza-A (um) EE
(2

1 5 5 1 5 Spherical 1.26+0.02 34
2 5 5 2.5 5 Spherical 1.27+0.02 76
3 5 5 5 5 Spherical 1.2540.02 72
4 5 5 2.5 2.5 Spherical 1 30+0.03 76
5 5 5 2.5 7.5 Spherical 1 5810 02 77
6 2.5 7.5 2.5 5 Egg-shaped 76
7 7.5 2.5 2.5 5 Spherical iigfggg 82
8 10 0 2.5 5 - B -
9 0 10 2.5 5 Egg-shaped 1 2840.02 76

The semi-interpenetrating polymer network of sodium alginate-polyvinyl
alcohol containing Aza capsule was prepared by the solution method. The influence
The semi-interpenetrating polymer network of sodium alginate-polyvinyl alcohol
containing Aza capsule was prepared by the solution method. The influence of the
glutaraldehyde storage time on the properties of the polymer blend was studied. The
presence of a large number of hydroxyl groups in PVA resulting from capsule and
strong hydrogen bonding (may be both the intermolecular and intramolecular types in
polymer metric), will affect the solubility of PVA in water. The FT-IR spectrum of
PVA alone, sodium alginate alone, the capsule is shown in Figure 2. Glutaraldehyde
treatment of PVA produces intermediate heat stability. The ester linkage of the semi-

interpenetrating sample is confirmed by FTIR.
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Figurel FTIR spectra of (a) PVA capsule alone (b) 75/25 PVA/NaAg, capsule (c)
50/50 PVA/NaAg, capsule (d) 25/75 PVA/NaAg, capsule

The main peaks of PVA alone shown at 1327 and 843, and 1087 cm™ are
attributed to C-H bending and C-O stretching, respectively. The changes of the
characteristic spectra peaks reflect the chemical interactions when two or more
substances are blended. In the typical spectrum of the semi-IPN sample sheet, the
characteristic peak at 1729 cm™ was shifted to 1730 cm™. This document indicates
that there are hydrogen bonded interactions between the hydroxyl groups, carbonyl

groups of PVA and carbonyl groups of glutaldehyde.

3.2XRD results
The XRD scans of the semi-interpenetrating polymer network between sodium
alginate and PVA, are shown in Figure 2. The observed PVA alone spectrum reveals
a semi-crystallinine feature. It is vital to note that there are two halos cited at 19.5
and 40.5°. The first one has a clear crystalline peak at scattering angles 20 = 19.5° and
40.5°. The first one has a clear crystalline peak at a scattering angle 20 =19.5° that

corresponds to a (101) spacing. The second halo has a low intensity and broad shape
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and corresponds to noncrystalline zones within the crystalline polymer matrix. After
adding glutaraldehyde in the semi-interpenetrating sample sheet, the intensity of the
diffraction peak at 19° for PVA becomes gradually flat and broad. This phenomenon
is due to the significant hydrogen bonding interactions among PVA, sodium alginate
and glutaraldehyde molecules and covalent bond between PV A and glutaraldehyde. In
other word, the addition of glutaraldehyde in the semi-interpenetrating sample

improves the compatibility between PVA and sodium alginate.

2000 -
1800 -
1600 -
1400 -
1200 -
1000 -
800
600 -
400 4%
200 -

Intensity

26 ()

Figure 2 XRD spectra of (a) PVA capsule alone (b) 75/25 PVA/NaAg, capsule (c)
50/50 PVA/NaAg, capsule (d) 25/75 PVA/NaAg, capsule

3.3 Swelling behavior of capsule

The effect of PVA/Sodium alginate blend ratio on the percentage of swelling
ratio in water medium is shown in Figure 3. The beads obtained from sodium alginate
alone show a maximum uptake of water during the fifth hour. The beads derived from
PVA and sodium alginate absorbed lower water than the beads obtained from sodium
alginate alone due to crystallization of PVA.  Equilibrium swelling ratio was
achieved in 180 h for sodium alginate alone. The particles produced in this work were

analyzed for their sizes using the light scattering method. Aza-A release from the
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capsule was measured after subjecting them to a number of physical and chemical
parameters including those related directly to the release medium and those resulting

from changes to the characteristics of the structures controlling release (beads).

300

%Swelling ratio

0 100 200 300 400 500
Time (h)

Figure 3 Swelling ratio of capsule (a) PVA capsule alone (b) 75/25 PVA/NaAg,
capsule (c) 50/50 PVA/NaAg, capsule (d) 25/75 PVA/NaAg, capsule

3.4Thermal study behaviour

DSC results

DSC experiment was studied to understand the thermal behavior of the capsules and
these results are illustrated in Figure 4. Temperature of the end point of endotherm
peak shifted to 10 °C with the addition of sodium alginate in capsule matrix. Tg value
of PVA polymer used in this study was found to be 60°C, whereas the value for blend
PVA/NaAg 75/25 was found to be 70°C, while Tg of PVA/NaAg 50/50 was not
observed. Tg of this polymer blend (PVA/NaAg; 75/25) was affected by interaction

between them.
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Figure 4 DSC of (a) PVA capsule alone (b) 75/25 PVA/NaAg, capsule and (c) 50/50
PVA/NaAg, capsul

TGA study

The objective of this TGA is to investigate the variation and to understand the thermal
behavior and the capsule polymer structure modifications. The TGA and DTGA
measurements of capsule in the presence of glutaraldehyde are shown in Figure 5 and
Figure 6, respectively.

From the thermogravimetric analysis and observations of the temperature maximum,
a better heat stability for the glutaldehyde cross-linked PVA was observed. Three
temperature regions can be identified over which most of the weight change occurs in
the capsule. The first weight loss occurs between 90 and 120°C which correspond to
the removal of water. The second weight loss occurs between 300°C and 400 °C and
corresponds to the side chain decomposition of PVA molecule. Third degradation

between 400 and 550°C corresponds to the decomposition of the PVA main chain.
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Figure 5 TGA of (a)PVA capsule alone (b) 75/25 PVA/NaAg, capsule (c) 50/50
PVA/NaAg, capsule (d) 25/75 PVA/NaAg, capsule

Derivative weight loss
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. Temperature _SOCQ
Figure 6 DTGA of (a)PVA capsule alone (b) 75/25 PVA/NaAg, capsule (c) 50/50

PVA/NaAg, capsule (d) 25/75 PVA/NaAg, capsule
3.5 SEM, EMPA and AFM study

SEM photographs of a several beads taken are shown in Figure 7. Since it is seen

from the Figure 7, all sample beads are almost of spherical shape capsule obtained
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from showed egg-like shape. EMPA was applied to investigate the polymer blend
matrix from capsule. We investigated the spatial distribution of the PVA components
on the surface of the capsule. The hydroxyl groups of the PVA-containing capsules
were reacted with glutaraldehyde , and their distribution was analyzed by EPMA
(Figure 8). We found that the surface distribution of PVA in the capsule sample was
uniform. The different colors depend on the amounts of the element atoms in the
sample, in which the highest element atom shows up as white and then decreases as
following red orange, yellow, green, blue and violet. The surface PVA in the capsule
sample was localized in high-density islands of ca. 25 to 30 micron diameter. Atomic
force microscopy (AFM) is a vital tool that can be applied to directly study the
morphology of capsule. Figure 9 shows the two-dimensional images of capsule with
sodium alginate/PVA. The amplitude parameters analysis shows that the roughness
average is only 250 nm. These results suggest that the surface of starch/PVA blend
films became level and roghness due to the polymer blend ratio and chemical reaction

between PVA or sodium alginate and glutaral aldehyde.
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Figure 7 Scanning electron micrographs of (a) 75/25 PVA/NaAg, capsule (b) 50/50
PVA/NaAg, capsule (¢) 25/75 PVA/NaAg, capsule and (d) 100 NaAg
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Figure 8 EPMA micrographs of (a) 75/25 PVA/NaAg, capsule (b) 50/50 PVA/NaAg,
capsule (c) 25/75 PVA/NaAg, capsule and (d) sodium alginate
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Figure 9 Scanning electron micrographs of (a) 75/25 PVA/NaAg, capsule (b) 50/50
PVA/NaAg, capsule (¢) 25/75 PVA/NaAg, capsule
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In Figure 9 (a, b,c) the topographic images derived from atomic force microscopy of
capsule obtained different polymer blend ratios between PVA and sodium alginate. It
is clear that the morphology of capsule obtained from sodium alginate alone (Figure 9
(c) was more smooth than that of the capsule obtained from blend PVA and sodium

alginate (Figure 9 (b) (c)).

3.7Releasing study

The effect of neem content in capsule on % cumulative releasing of neem is
shown in Figure 10. Figures 10 exhibits that % cumulative releasing from the 50/50
PVA/NaAg beads with 1 g is much higher than that leads in presence of 2.5 and 5.0 g.
The cumulative releasing of neem for the beads increased as a function of releasing
time. The maximum cumulative releasing of neem for the beads obtained from 1, 2.5
and 5 g of neem was 100, 81 and 70% at 450 h of releasing time. When the neem
content in beads increases from 1 g to 2.5 g, % cumulative releasing of neem beads
increases. Higher neem content might be lead to the easier penetration liquid through
leads and then faster neem diffusion occurs from the beads. The other explanation is
that while neem content in the beads increases, loose structure in the polymeric beads
has formed in which high loading (1 g) is quicker than that of lower loading due to
possibility of formation of a large pore volume, which might enhance the neem

release.
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Figurel0 Effect of neem content on the release neem for capsules obtained from
PVA /NaAg 50/50(a) 1 g,(b)2.5gand (c)10g

Neem release from the beads was subjected to a number of physical and
chemical parameters including those related directly to the release medium, and those
resulting from the change in the characteristics of the beads. One of the most effective
ways to change release rate of beads is to change cross-link density of the matrix by
employing varying concentrations of the cross-linking agent. The effect of exposure
time to GA on the release rate of neem has been investigated at GA concentration
namely 2.5, 5 and 7.5 %w/ v at 30 min of exposure time. The result is shown in
Figure 11, which clearly indicates that with increasing GA concentration (2.5-7.5%
w/v), the release rate decreases as a function of glutaraldehyde concentration. The
maximum neem release from the 2.5 % w/v of glutaraldehyde PVA/NaAg beads,
which were prepared with a glutaraldehyde of 2.5 % w/v, was found to be 100% at
480 h.The observed decreases in the cumulative release are due to the fact that
increasing concentration of GA result in an increase in cross-link density of the bead

which gives rise to a compact network of the polymer. Consequently, the free volume
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reduces and penetration of water molecules and diffusion of neem molecules become
difficult. These results were also supported by swelling measurements. Similar results
were reported by many other workers. Kulkarni and coworkers [35] studied controlled
release of diclofenac sodium from cross-linked alginate beads. They have reported
that when the exposure to GA increased from 5 to 10 min at 25 °C and 40 °C, DS
release significantly decreased. To understand the release of neem from cross-linked
PVA/NaAg beads in aqueous release study was carried out at 32 °C. Figure 12
displays the cumulative neem release of beads in different PVA/NaAlg ratios (with
0/10, 2.5/7.5, 5/5, 7.5/2.5, neem 2.5 g , and 5% GA concentration). From the Figures
12, it is observed that release rate of neem is much higher for the NaAg beads than for
the PVA/NaAg beads. The highest cumulative neem release obtained at the end of
480 h was 100% for NaAlg beads, which have2.5 g of neem. On the other hand; the
least cumulative neem release obtained was found to be 62% with 7.5/2.5 PVA/NaAlg
beads, which have 2.5 of neem. When the amount of PVA is increased in the
PVA/NaAlg beads from 0/10 to 7.5/2.5, decreases in the neem release are also
observed as it is seen from the figures. Alginate is a natural water-soluble polymer
and contains hydroxyl and carboxyl groups, which impart hydrophilicity to the
molecule. On the other hand, PVA is virtually a linear polymer with a small hydrated
volume compared to alginate and thus PVA produces a compact network of
macromolecular chains in the blend beads. Therefore, penetration of liquid molecules
through PVA/NaAlg beads and then diffusion of drug to external medium is difficult
compared to the NaAlg beads.
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Figure 11 Effect of glutaraldehyde on the release neem Aza-A for 50/50 PVA/NaAg,
capsule (a) 2.5, 5.0 and 7.5 % w/w glutaraldehyde
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Figure 12 Effect of polymer blend ration on the release neem Aza-A for capsules a)

75/25 PVA/NaAg, capsule (b) 50/50 PVA/NaAg, capsule (c) 25/75 PVA/NaAg,

capsule

3.8Releasing mechanism

The n value is an empirical parameter characterizing the release mechanism [10].
On the basis of the diffusion exponent, an n value of 0.5 indicates the nutrient release
mechanism approaches to a Fickian diffusion controlled release, whereas when n is
equal to 1.0 this indicates the nutrient release mechanism approaches to a zero-order
release. An n value from 0.5 to 1.0 indicates a reactive agent release mechanism for a
non-Fickian diffusion or a chain relaxation controlled release. From the plot of log

(M¢/M-=) against log(t), release exponent (n) has been calculated (Figure5). The n

value is in the range from 0.2995 to 0.4062. The n value with 0.3289 of sample
obtained from 75/25 PVA/sodium alginate for 30 min storage time in glutaraldehyde
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solution indicates that the release in this system deviates from a Fickian diffusion
controlled release. The n of capsule beads obtained from 50/50, 25/75 PVA/sodium
alginate at storage time was 0.2909 and 0.4062, respectively, indicating that these
systems exhibited non-Fickian diffusion. These results deduced that the n value of this
system depends on blend ratio leading to different crosslinking density contents and

different neem release mechanism patterns in the sample.

19 y=0.2509% + 1.2245
1.85 1 R® = (49842
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Figure 13 Relationship between log (My/M-=) and log( time)

4. Conclusions

The neem can be successfully encapsulated into the sodium-alginated and polyvinyl
alcohol containing glutaraldehyde matrix for coaservation method. High amount of
PVA in capsules had a pronounced effect on slow release neem. The high
glutaraldehyde concentration in capsule could be used as an adequate barrier of the
capsules to give high amount crosslinking density in matrix and consequently more
efficient release of neem as compared to the capsules obtained from low concentration
of glutaraldehyde. The rate of release of neem in aqueous medium depends on

concentration to glutaralaldehyde and type of polymer.
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Chapter 7

Preparation of cyclized natural rubber as coating reagent for Aza capsule
products

ABSTRACT

The property of natural rubber (NR) is more interesting, excepting for some properties
need to improve. The cyclization reaction is an interesting reaction for modified NR
to thermoplastic elastomer. The kinetic cyclization of deproteinized natural rubber
(DPNR) or purified NR latex effectively performed in latex phase by using
trimethylsilyl-trifluoromethane sulphonate or trimethyl silyl triflate (TMSOTF) was
studied at various temperatures and times. The cyclized products were confirmed by
NMR spectroscopies including one and two dimensional NMR. The kinetic of
cyclization was investigated. It was found that the degree of cyclization in DPNR was
as a function of cyclization conditions. The rate constant (k) was 200 (s™) at 100°C
based on 95% of regression and the activation energy of cyclization in DPNR latex
was 147.66 kJ/mol. Some thermodynamic parameters: enthalpy, entropy and free
energy activation of 144.6 kJ/mole, -269.11J/mole and 246.9 kJ/mole, respectively
were obtained for the cyclization of DPNR. The kinetic and thermodynamic
parameters of cyclization obtained from this study indicate that an increase in the

process temperature would increase the rate of cyclization formation.
1.Introduction

The field polymer science has been interested in preparing the cyclized rubber
from natural rubber (NR), polyisoprene, styrene-butadiene rubber and polybutadiene
since 1950s [1-18]. Cyclized products are used in the formulation of adhesives,
paintings, inks and also in the compounding of NR to improve its mechanical
characteristics [1-3]. NR and some unsaturated synthetic rubber can be transformed
to cyclic structure or cyclized product by acidic reagents. Catalysts [1-15] for
preparing cyclized NR were organic sulfonic acids and sulfonyl chlorides. sulfuric
acid halides of amphoteric metals, in particular, titanium tetrachloride, antimony
chloride, ferric chloride, and stannic chloride. Nowadays, there are still some new

cyclized rubbers being synthesized, new catalyst, new cyclization methods, and
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applications coming forth and a lot of patents being issued for which the cyclized
rubbers as important components in the formulations.  For example, Wang and co-
worker [5] studied the controlled cyclization of styrene-butadiene rubber by using the
aid of cationic catalyst system based on diethylaluminium chloride (AIEt,Cl) and
benzyl chloride (C¢HsCH,Cl) and by working in xylene solution at high temperature.
Another example, Riyajan and co-worker studied the partially cyclized NR from the
protein-removed NR latex or deproteinized natural rubber (DPNR) latex using
sulfuric acid. It was found that the highest degree of cyclization was achieved due to

low protein content in DPNR [16].

Trimethyl silyl triflate (TMSOTF) was used as a new catalyst for preparation
of cyclization of DPNR in latex state [17]. This catalyst is expected to enhance
solubility of cyclized NR derived from latex form. The kinetic of cyclization in
DPNR in presence of TMSOTF was not investigated. Therefore, it would be studied
in this work. Effects of reaction time and temperature on the degree of cyclization
were studied to get the information for the kinetic of cyclization in DPNR latex. For
example for kinetic of cyclization in NR latex, Gordon [19] has reported results for
the kinetics of the cyclization reaction using sulphuric acid as the cyclizing reagent.
The progress of the reaction was followed dilatometrically. Typical curves were
reported by Gordon [19] for the variation of extent of reaction with reaction time. It
was found that the occurrence of an initial period of reduced rate was attributed to the
need for the sulphuric acid to diffuse into the rubber particles before the maximum
rate of reaction time could be achieved. According to Gordon, the rate cyclization
correlates well with the Hammett acidity function, Ho, for the aqueous phase of the

reaction system. The function is defined as

ap+a
Ho= og  © n log ¢y

+
aBH CBH+

Where the as denote acitivities, the CS concentrations, and subscripts B, BH"
refer respectively to a Bronsted base and its conjugate acid. The first term on the
right-hand side of equation is equal to pK, for the conjugate acid. Gordon regards this
correlation between Ho and the rate of cyclization as precluding a chain mechanism

for the reaction, suggesting instead a mechanism which involves proton transfer.

114



Ty auin MRG5080406

The aim of this work is to study the kinetic of cyclization in the partially
cyclized DPNR from the protein-removed NR latex or DPNR latex using TMSOTF as
a catalyst. In addition, the thermodynamic parameters such as enthalpy, entropy and
free energy activation were also investigated. The degree of cyclization was estimated
by NMR technique.

2.Experimental

2.1 Materials and chemicals

High-ammonia natural rubber (HANR) latex was provided from Thai Rubber
Latex Co.Ltd (Thailand). Terric 320, a surfactant composed of higher fatty alcohol
ethoxylate, was supplied from The East Asiatic (Thailand) Public Co. DPNR latex
was produced from HANR latex by enzymatic deproteinization. HANR latex was
diluted to 30% dry rubber content (DRC) and incubated with 0.05% (w/v) proteolytic
enzyme (KaO, KP 3939) and 1% (w/v) sodium dodecyl sulfate (SDS) at 37°C for 24 h,
followed by centrifugation at 13,000 rpm for 30 min. The cream fraction was re-
dispersed with 1% (w/v) SDS to make 10% DRC and centrifuged twice. A part of
DPNR latex was coagulated with methanol and dried under vacuum to get solid
rubber. The obtained DPNR latex was used as starting materials for preparing

cyclized DPNR.

2.2 Preparation of cyclized DPNR

Cyclization of DPNR in latex form was carried out by using DPNR latex of
50% DRC as a starting material. DPNR latex was mixed with 2% (w/v), Terric 320,
using magnetic stirrer. The reaction was carried out by the addition of 34% w/w
TMSOTF under various temperatures and times. The resulting cyclized rubber was
coagulated by acetone and purified by reprecipitation with toluene/methanol, followed
by drying under vacuum at 50°C until getting a constant weight. The other similar

reactions were carried out by varying dry rubber content of DPNR latex.

3.3 Measurements
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'"H-.NMR spectra and COSY were observed using CDCI; as a solvent on a BRUKER
DPX-300 at 75 MHz. The degree of cyclization was estimated by NMR technique
[15-18, 20].

3.Results and disscusion

3.1 Effect of time and temperature affecting on degree of cyclization

After the cyclized DPNR were prepared by using TMSOTF, its degree of
cyclization was estimated by using NMR techniques. It was found that the degree of
cyclization depends on temperature and time as shown in Table 1. Generally, degree
of cyclization increase with temperature. The degree of cyclization of DPNR with
34% (w/w) TMSOTF at 75, 85, 95 and 100°C was 0.15, 0.80, 0.97 and 0.97,
respectively at 9 h (32400 sec) of reaction time. When the degree of cyclization is 1,
it means that 100% degree of cyclization was observed. When the cyclization
temperature was higher than 95°C, the reaction between the reactive sites on DPNR
molecules would be more pronounced. This result indicates that at high temperature
was favor to the cyclization of DPNR with TMSOTF. The optimum temperature was
90 -100°C for preparation of cyclized DPNR in this system.

The degree of cyclization of DPNR increased as reaction time increased. The
cationic cyclization reaction is gradually increased, thereby needing several hours. It
is clear that TMSOTF was an effective catalyst to accelerate the cyclization of DPNR
latex, by an observing the cyclized product obtained within 1.5 h (5,400 sec) of
reaction time at 95°C. The largest part of the cyclization occurred within 5 h (18,000
sec), and the highest degree of cyclization value was observed after 9 h of reaction

time at 95°C.

116



Ty auin MRG5080406

Table 1 Effect of temperature and time on the degree of cyclization (x) in cyclized
DPNR using 34% (w/v) of TMSOTF

Reaction time (second) Degree of cyclization (x)

Temperature (°C)

75 85 95 100
1800 0 0 0.06 0.05
3600 0 0 0.07 0.05
5400 0 0 0.10 0.10
7200 0 0 0.24 0.24
10800 0 0 0.74 0.74
14400 0 0.03 0.92 0.92
17720 0.02 0.36 0.94 0.94
25200 0.07 0.60 0.96 0.96
32400 0.15 0.80 0.97 0.97

Table 2 Relationship between gel content and degree of cyclization of the cyclized
DPNR

Degree of cyclization(%) Gel content (%)
7 1+0.1
10 2+0.2
12 1£0.5
76 24+0.2
86 1+0.2

3.2Gel content

The cyclized DPNR was dissolved in distilled toluene to make 0.1% (w/v)
solution. The rubber solution was kept in dark, without stirring for one week at room
temperature. The solution was centrifuged at 8,000 rpm for 20 min to separate the

insoluble or gel fractions. The gel fraction was coagulated with methanol and dried
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under vacuum until getting a constant weight. The percentage of gel content was
calculated by following Equation (1):

% Gel content = (weight of gel/ weight of original rubber) x100 (1)
Table 2 shows the relationship between degree of cyclization and gel content of the
cyclized DPNR resulting rubber. It is clear that low gel content (1-2%) was observed
at all samples. This result reflect that small amount of crosslink was occurred.

Table 2
3.3 NMR spectroscopy

The structure of cyclized DPNR was confirmed DPNR by using both one and
two dimensional NMR. It was found that the unsaturation methylene protons show
singlet resonance signal at 5.16 ppm as shown in Figure 1. The signal at 2.10 ppm
may be attributed to the methylene protons and the singlet resonance signal of the
methyl proton appears at 1.70 ppm. The methyl protons attached to saturated carbons
are observed as a triplet signal centered at 0.85 ppm. A centered signal at 0.85 ppm is
assignable to the methyl protons attached to the first cyclic unit in the cyclized
sequence. A centered signal at 1.30 ppm is due to the methylene protons attached to
saturated carbons. These signals increased in intensity in return for the decrease of the
methylene proton centered signal at 2.00 ppm, which is due to the methylene protons
of original isoprene units. It is known that the methyl protons in the cis-1,4 and frans-
1,4-isoprene units show a centered signal at 1.68 and 1.61 ppm, respectively, in
CDCls. A new centered signal at 1.61 ppm is assignable to the methyl protons in the
trans-1,4-isoprene units, which formed by isomerization of cis-1,4 isoprene units [15-

17].
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Chemical shift (ppm from TMS)
Figure 1. 'H-NMR spectra of cyclized DPNR obtained (a) 0 and (b) 80% degree of

cyclization
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These chemical shifts agree with those reported previously by Patterson et al '*,
with the exception that the use of higher magnetic fields (200 or 300 MHz), could
allow the detection of 3,4-polyisoprene and exocyclic structures.

The structure of cyclized DPNR was again confirmed by COSY. In order to
establish various connectivities in the cyclized rubber structure, the COSY 'H-'H
NMR spectra were recorded as shown in Figure. 2. In the COSY spectrum apart
from the direct coupling relayed couplings were also seen. Cis-1,4- and tranms-1,4-
polyisoprenes exhibited three signals at 5.1, 2.1 and 1.6 ppm, which were assigned to

olefin, methylene, and methyl protons, respectively.

ppm
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i-“ L] L] L ] L] L] L n L]
| | | | | | | |

58 5.6 54 5.2 A0 48 46 44 4.2 ppm

Figure 2. 2D-COSY expanded spectrum in olefinic region of cyclized DPNR with
80% degree of cyclization, observed at 300 MHz
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Figure 2 represents the expanded region COSY of the cyclized DPNR with
80% degree of cyclization. It was found that many interactions among methyl,
methylene and methine protons. For example, the cross-peak at 1.65/2.0 ppm was
observed due to interaction between methyl group and methylene in cyclization
product. The peak marked A near the middle of grid indicates that the connectivity
between proton at 1.62 ppm and proton at 5.30 ppm. In addition, the peak B marked,
signal proton at 5.30 ppm cross-peak with signal proton at 2.0 ppm due to interaction
between methine and trans-methylene protons was observed. The peak C marked
carbon shows the cross-peak between the signal proton at 5.16 ppm and signal proton
at 1.65 ppm due to the coupling between methine proton of polyisoprene and trans-
conformation methylene in polyisoprene chain. The correlation between the signal
proton at 5.16 ppm and signal proton at 2.0 ppm attribute to interaction between
methine and cis-conformation methylene was shown in peak D. In peak E, the

interaction between methine at 4.90 ppm and methylene at 2.70 ppm.
3.4 Kinetic Parameters of Cyclization

After the cyclized DPNR were prepared by using TMSOTF, its degree
of cyclization was estimated by using NMR techniques. It was found that the
degree of cyclization depends on temperature and time. Then, the kinetic data
of this system was investigated, as following.

The kinetic equation describing the cyclization process can be obtained
from degree of conversion in cyclized DPNR and time. If the process is
considered as a first order reaction, can be expressed by Equation (2), as
follow:

In (1-x) =kt (2)

Where x is degree of cyclization. t is time (second). k is the cyclization kinetic
constant. Because the rate of the first state associated to the rate of conversion
of cyclization reaction, it reflects the characteristics of the main forward
reaction kinetic.

Plots of In (1-x) vs time, where x is the degree of conversion of the cyclization
of DPNR, show that the cyclization reaction follows first order kinetics as shown in
Figure 3. Linear regression analysis using the least-squares method was used to fit the

data. The kinetic rate constants, k, derived from the slopes of each reaction isotherm,
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are listed in Table 3. Theory and practice show that the cyclization rate depends on

the reciprocal temperature.

Table 3
Regression
Temperature(°C) Rate constant coefficiency
kx10°(s™)
75 0.005 0.96
85 0.04 0.94
95 0.06 0.95
100 0.20 0.96

Kinetic data of the cyclization of DPNR

Therefore, it is possible to use the Arrhenius equation to express this
dependence, according to Equation (3):

-Ea
k= Axexp —= 3

Take In in Equation (3); it give Equation (4)

Ink=InA- Fa 1 (4)

R T
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Figure 3. Kinetic plot of In(1-x) vs time for cyclized DPNR, x is degree of cyclization
From the Arrhenius plot, In k vs 1/T, where T is the reaction temperature, the
activation energy of this type of cyclization reaction was determined as shown in
Figure 4. The activation energy was calculated to be 147.66 kJ/ mol for cyclized

DPNR, indicating the cyclization reaction rate is temperature dependent.

-8 4
<
9
y=-17.566x + 38.35
| R’ =0.9443
glo
5
“11 -
12 - S
'13 T T T T 1
2.65 2.7 2.75 2.8 2.85 2.9

103/TK™

Figure 4. Arrhenius plot of the cyclization reaction of DPNR
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3.5 Thermodynamics of cyclization of DPNR

The enthalpy of activation, AH, was calculated, using the equation (5),

AH = E,-RT (5)
to be 144.6 kJ/mol

The average entropy of activation, AS, and free energy of activation, AF, were

obtained using the relationship (Equation (6)):

ﬂ eAS/R e—Ea/RT (6)

k= Nh

Here k, rate constant; R, gas constant; T, absolute temperature; N, Avogadro

constant; and h, Plank constant.

The average values of the thermodynamic parameters were found to be AS= -

269.1 J/mole and AF= 246.9 kJ/mole, which was calculated by this Equation

7).

AF= AH-TAS (7)

4.Conclusion

The results from this study show that the cyclized DPNR by TMSOTF in latex

could be carried out at above 95°C with higher degree of cyclization. The cyclized

structure was confirmed by NMR techniques including one and two dimensional

NMR. The kinetic and thermodynamic parameters of cyclization obtained indicate

that an increase in the process temperature would increase the rate cyclization

formation. The rate constant for cyclized DPNR was found to be of the order of

2.0x10” 1 /moles and activation energy of cyclization of 146.77 kJ/mole. In addition,

the enthalpy, entropy and free energy activation of 144.6 kJ/mole, 269.1 J/mole, and

246.9 kJ/ mole, respectively were derived from cyclization of cyclized DPNR
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