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ABSlRACT
The encapsulation of a widely used organophosphorus pesticide, Diazinon (o,o,-diethyl
o-[6-methyl-2-(I-methylethyl)-4-pyrimidinyl]
phosphorothioate, in the form of Basudin was successfully
achieved in three starch matrices - a calcium adduct, and two starch borate complexes. Of the latter, one
(borate-I) was prepared by using NaOH to solubilize the starch and the other (borate-2) was prepared by
solubilizing the starch with boiling boric acid solution. The borate-I encapsulation procedure was used for
three starches - com, cassava, and dasheen which are all produced locally. The percent recovery was in the
order - dasheen (100%) > cassava (96%) > com (91 %). However, the percent encapsulation was in the reverse
order - dasheen (94%) < cassava (96%) < com (97%).

Slow release technology has been developed in
the drug industryl since 1960 in order to combat the
side effects caused by administering high doses of
conventional drugs and at the same time to maintain
an effective level of drugs in the body. Afplying the
same principle, attempts have been made during the
last decade to develop suitable controlled release
pesticides for use in the soil and on foliage to reduce
(l) pesticide application rates (2) pesticide levels in
the environment and (3) pesticide toxicity and to
extend pesticide residual activity.
There are three main advantages of using controlled release formulations: (i) reduced possibility
of over or underdosing (ii) much less pesticide can
be used for the same period of activity as a conventionally applied pesticide and (iii) maintenance of an
effective concentration of pesticide for a prolonged
period. The first advantage can be illustrated by
Figure 1 where the concentration of an active agent
has been plotted as a function of time after delivery
in a conventional manner. Shortly after the agent is
applied the concentration rises rapidly to a maximum
and then falls as the agent is metabolized or
degraded. Two important concentration levels are to
be noticed in this figure - the effective concentration
which is the minimum concentration necessary to
produce the desired effect and the toxic concentration above which side effects occur. It is important,
therefore, to maintain a concentration of pesticide

between the effective and toxic levels. Controlled
release formulation is an ideal method of achieving
this concentration level.
To understand the significance of the other two
advantages it is necessary to consider the kinetics of
degradation of active ingredients3 when applied in a.
conventional way. In most cases, the degradation is
a first order process and follows the following rate
law:

where x is the amount of active reagent in the environment. If the minimum effective level of the
reagent is Xe and Xi is the amount initially applied,
the rate expression after integration becomes

where te is the time during which an effective quantity of the drug is present. Figure 2 illustrates the
validity of expression 2 and the economy in the usage
of controlled release formulations.
Encapsulation processes can be divided into
three categories:

1) Phase Separation - in this process microcapsules are formed by emulsifying
or
dispersing the core material in an immiscible
continuous phase in which (the wall material
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dissolves and then separates from the continuous
phase, depositing around the core particles
2)

Interfacial Reaction - microcapsules are formed
by emulsifying or dispersing the core material in
an immiscible phase and then an interfacial
polymerization reaction results at the surface of
the core particles

3) Physical Methods - wall material and core
particles are physically brought together and
wa'll material flows around the core particles to
form capsules. Matrix polymerization in which
core material is embedded in a polymer matrix
during capsule formation falls in this category.
This method of encapsulation was used in this
study.
It should be noted that when a particular method
of encapsulation is chosen one of the factors that
must be considered is the end use of the formulation
and thus the desired permeability of the membrane.
Some of the parameters that affect capsular wall
permeability and how that can be manipulated are
discussed in the literature.4
Microencapsulation techniques have been used
to prepare spherically - shaped reservoir devices for
controlled release of pesticides. The most frequently
used procedures include phase separation, coacervation, spray coating, solvent evaporation from emulsions and interfacial polymerization. The choice of
method depends mainly on the characteristics of the
pesticide and the release-controlling membrane.
Common
polymeric
wall materials
include
polyamides, polyesters, polyureas, cellulose and
gelatin. The most notable of the currently marketed
microencapsulated products is the Penncap-M formulation developed by the Penwalt Corporation,5,6
in which Methyl Parathion is encapsulated in the
polyamide wall material. This product exhibits
decreased toxicity and longer activity. In addition to
these delivery systems which operate by diffusion
or leaching mechanisms, other formulations which
rely on erosion and diffusion have been reported?
The most important factor to be considered
when selecting a coating material is the chemical
inertness of the material towards the active ingredient. A number of polymeric materials are used
as encapsulating matrices for controlled release. It is
necessary, in order to facilitate sustained release, that

these materials are fairly resistant to degradation by
both biological and environmental factors. It is
known that if an inert material is added to the soil it
aids aeration, but there is also the potential for
ecological damage if the material is accumulated
over time. Most synthetic polymers are resistant to
microbial degradation and show limited susceptibility to environmental
degradation. Natural
polymers are therefore a better choice since they are
biodegradable and this therefore eliminates the problem cited above.
The use of starch as a natural polymer in the slow
release of pesticides was reported by Shasha et a1.8
In that study a starch xanthate matrix which has
lipophilic but water insoluble properties was used to
encapsulate a variety of pesticides. Subsequently, the
same group of workers used other starch matrices
viz, a calcium starch adduct and borate complex.9,l0
Encapsulation with steam injected Uet cooked)
starch 11 and an autoencapsulation method were also
developed by the same workers.12,13
The following is a report of the investigation on
the possibility of encapsulating pesticides in locally
available cassava starch using modified literature
methods applicable for Pearle com starch.8-10

All chemicals used were reagent grade. All organic solvents and water used were distilled before
use. Commercially available K -brand com starch
was used. Some of the cassava starch was bought in
a local market and some was extracted from cassava
in the laboratory. Diazinon 60 EC used for encapsulation was obtained from Grace Agrochemicals,
Kingston, Jamaica.

1.65 kg of cassava obtained from a local market
were peeled, cubed and crushed in a blender. The
resulting slurry was strained through a fme mesh
cloth. The residue was washed with water and
strained again. This was repeated until the filtrate
was pale white. The flltrate was left to settle. W~en
the suspended starch had settled the supernatant
liquid was poured off and the residue was left to dry.
390 g of starch which was slightly off-white in colour
were obtained.

A. Starch-Xanthide Method - this method was
essentially
adopted
from the published
S
procedure.
The encapsulated pesticide was
fJ.ltered on a size 60 mesh and washed with water
and pressed dry. The semi-dried mass was forced
through a 15 mesh grid and left to dry to yield
70 g of product.
B. Starch-Calcium Chloride Method - Shasha's
published procedureS was followed to prepare
the product. The encapsulated product was
washed thoroughly with water and then pressed
dry. The semi-dried mass was forced through a
16 mesh grid and left to dry.
C. Starch-Borate Method 1 - 22.5 g of starch, 10
cm 3 of emulsifiable concentrate formulation of
Diazinon and 35 cm 3 of water were placed in a
blender and mixed. 25 cm3 of a 6% NaOH
solution were added to gel the starch and mixing
was continued. 2.5 g of boric acid were then
added and mixed until a uniform rubbery mass
was obtained. 11.25 g starch were then added
and mixing continued until non-adhering
particles were formed. The particles were then
forced through a 16 mesh grid and left to air dry
to yield 34 g of product.
D. Starch-Borate Method 2 - 10 cm3 of the
emulsifiable
concentrated
formulation
of
Diazinon Chlorpyrifos were added to 11.25 §
starch and thoroughly mixed in a blender. 15 cm
of boilin~ boric acid solution (1.25 g boric acid
in 15 cm water) were added. The mixture was
blended again until a uniform gel formed. The
mixture was poured onto plates in thin layers to
dry. The dIled fJ.lms were then broken up in a
blender.
Alternatively, boric was added to a slurry of
starch in unheated water. The mixture was then
heated to gel approximately at 80°C. 1-10 cm3
of an emulsifiable concentration formulation of
Diazinon were added, followed by mixing. The
mixture was poured onto plates in thin layers and
left to dry. Water volume was varied from 15
to 100 cm3 and boric acid mass was varied
from 1.5 - 5 g.

E. Cooked Starch - 10 cm3 of an emulsifiable
concentration formulation of Diazinon were
added to 11.25 g starch in a blender and mixed.
30 cm3 of boiling water were added to the
mixture and the latter blended. The gelled slurry
was poured onto plates in thin layers to dry. The
dry fIlms were then broken up in a blender.

Analysis for Recovered
Encapsulation

Pesticide and Percent

A. Calcium Adduct and Starch - Borate 1 approximately 0.1 g of the encapsulated product
was weighed out accurately in 100 cm3 conical
flasks. About 20 cm3 of water were added and
the product left to soften for about 15 min. The
flasks were then heated for about 10 min. At this
stage the complexes were completely dissolved.
Mter coolin the solutions were extracted with
three 30 cm portions of 15% dichloromethanel
hexane solution. The extracts were dried and
transferred to volumetric flasks. The contents
were analysed for the pesticide using a gas
chromatograph fItted with a flame photometric
detector. This analysis gave the total amount of
pesticide
present,
encapsulated
and
unencapsulated
(on
the
surface).
The
unencapsulated pesticide was determined by
washing the granules with a suitable solvent,
collecting the washing and analysing the latter
by gas chromatography.

f,

B. Starch - Xanthide - approximately 0.1 g of the
encapsulated
product
was weighed
out
accurately and crushed in an electrically
operated mortar and rstle in the presence of
approximately 50 cm of hexane. The solvent
was fIltered from the powder and collected. The
powder was then washed with approximately
three 10 cm3 portions of hexane and the
washings combined with the fIltrate, dried,
placed in a 100 cm 3 volumetric flask made up to
the mark and then analysed by gas chromatography.
C. Starch - Borate 2 and Cooked Starch
approximately 0.05 g of the encapsulated
product was placed in a 100 cm3 conical flask
and about 30 cm3 water added. This was left for
about 3 hrs. to soften the matrix, and then

homogenized. The homogenized mixture was
then extracted with three, 30 cm 3 portions of
15% dichloromethane/hexane
solution. The
extract was then analysed for the pesticide using
a gas chromatograph
fitted with a flame
photometric detector.

The granules were separated into four particle
size ranges: > 8, 8/16, 16/30 and > 30 by sifting the
granules through meshes of appropriate size range.

About 0.5 g of the encapsulated product was
placed in a 5 cm 3 measuring cylinder and the
volume noted. Water was placed in the cylinder and
the mixture left for about 3 hours. The volume of the
granules was then noted.

pH Measurement
About 1 g of the granules was placed in 100 cm3
water and left to soak for about an hour. The pH of
the water was then measured by a digital pH meter.

A Shimadzu 9A with flame photometric detector
(FPD) and phosphorous
filter was used for
chromatographic analysis. A column of 1.6 m in
length and 12 mm internal diameter packed with
OV-17 on Chromosorb WHP 80/1 00 was used with
the gas chromatograph (GC). The carrier ga~ used
was nitrogen at a flow rate of 30 cm3/min. Air at a
flow rate of 200 cm3/min and hydrogen at a flow rate
of 50 cm3/min were used as the flame gas. The
temperature settings were as follows: column at
250°C; injector and detector at 280°C. The chart
speed was maintained at 0.5 cm/min. For data
manipulation a Chromatopack data system was used.
For pH measurements a CHEMCADET digital
meter obtained from Cole-Palmer Instrument Co,
U.S.A. with combination electrode was used.

Five methods of encapsulation which include
the starch-xanthide, starch-calcium, starch-borate 1

& 2, and cooked starch were investigated. The first
two methods were not pursued due to the toxicity of
the carbon disulphide used in the xanthide method
and the low recovery of pesticide in these preparations (Table 1). Hence discussions will be centred
mainly on the borate complexes and cooked starch.
The starch-borate complex which was frrst
prepared by Shasha et al. 8 was repeated and was
found to give a low recovery of the active ingredient.
The drying period required more than a week, and it
was thought that during this period moisture enhanced release of the pesticide resulted in a low
recovery. Hence the method was modified by adding
more starch than that used previously to shorten the
drying period. This dramatically increased the
recovery as shown in Table 2. This modification was
used for both com and cassava starch. However,
because the pesticide would be exposed to a high pH
(- 12) during encapsulation and the product would
have a pH of -9 when wet and also because of rapid
release of pesticide from the matrix, (100% release
in 1 hr.) this method was considered impractical. It
was therefore found necessary to modify this method
to lower the pH and reduce the release rate.
It was found9 that boric acid increased the spinnability of starch gels and the pesticide could be
encapsulated in Jet cooked (steam injected) starch 10.
ft was therefore thought that pesticides could be
encapsulated in starch that was cooked with boric
acid. This would considerably reduce the working
pH. The starch-borate 2 method is based on this
principle.
The conditions for encapsulation by the starchborate 2 method were varied by water volume, boric
acid mass, volume of Diazinon and type of starch.
Recoveries increased by increasing boric acid (Table
3), decreasing the volume of water used, and
decreasing the volume of Diazinon used. Recoveries
for com starch encapsulation were generally lower
than those for cassava starch encapsulation under
similar conditions. The optimum conditions for encapsulation was found to be 11.3 g starch, 15 cm3
water, 23% boric acid and 7% pesticide. Encapsulation with com starch was not as successful as with
cassava starch. Although good recoveries were obtained for some preparations, up to 100%, the corresponding recovery rates were poor. An attempt was
made to optimize the conditions for encapsulation
using com starch. The results are presented in Table
4. The type of starch used for the method was also

Comparison of Recovery and Encapsulation obtained by the Different
Types of Encapsulation Procedures
Method of
Encapsulation

Active
Ingredient

% Recovery

Xanthide

Endosulfan

37

92

Calcium

Diazinon

32

90

Borate 1

Diazmon

95

95

Borate 2

Diazinon

100

85

% Encapsulation

Starch Borate 2 Method - Effect of Adding Excess Starch and Basudin

TABLE 2

Vol. of B~udin
(em )

Amount of
Starcb/g

% Recovery

Drying
Time

% Encapsulation

5

2

47

90

1 week

5

4

44

67

1 week

5

6

42

79

1 week

5

10

35

73

1 week

11

1

92

100

2 days

11

2.5

83

100

2 days

11

5

100

100

2 days

11

10

100

100

2 days

Effect of Boric Acid Concentration on Recovery and Encapsulation of
Diazinon (11g of Cassava Starch) - Starch Borate 2 Method
% Recovery

22.73

100

93.3

3

100

83.8

9.0

3

100

29.0

O.Ob

76

39.0

21.6b

84

65.0

b

100

60.0

c

81

22.0

16.6

26.0
23.0
a.
b.
c.

% Encapsulation

% Boric Acid

5.6% a.i.; 15 cm3 water
11.8% aj.; 30 cm3 water
15.3% aj.; 50 cm3 water

Encapsulation of Pesticides

TABLE 4

23

Reaction Variables for Diazinon Encapsulation
Starch Borate 2 Method

with Corn Starch·

% a.i.

% Boric Acid

Vol. ofwater!cm3

92

8.6

21

100

81

22

8.6

21

30

3c

91

66

8.6

21

50

4d

44

87

8.6

21

100

5

58

85

10

0

100

6

62

15

10

0

7

7

55

84

10

21

75

Prep. #

% Recovery

13

50

2b

% Encapsulation

a.

100 em3 water, 2.5 em3 basudin, 3.75 g boric acid, 11.25 g com starch. Boiling boric acid solution was poured
into the pesticide-starch paste and the latter was further heated on a hot plate to 90°C.

b.

30 cm3 water, 2.5 em3 basudin, 3.75 g boric acid, and 11.25 g com starch. Boiling boric acid solution was poured
into the pesticide - starch paste with no further heating.

c.

50 cm3 water, 3.75 g boric acid, 2.9 em3 basudin, 11.25 g com starch. Boiling boric acid solution was poured on
the starch and the resultant solution was heated to 90°C and then cooled to 50°C. The pesticide was then added.

d.

Pesticide added after starch paste was formed

e.

No boric acid used, pesticide added after the starch paste was formed.

varied. Three types of starches were used - com,
cassava and dasheen and the corresponding
recoveries were 100%,96% and 91 %. The percent
encapsulation was between 91 % and 96%.
Mter each preparation five particle sizes were
collected: > 8, 8/16, 16/20,20/16, 16/60 and < 60.
Percent encapsulation and recovery increased with
the size of the particles. This is because smaller
particles have a larger surface area to volume ratio
which will expose the active ingredient on the surface resulting in greater loss of encapsulated pesticide during the drying period. The average percent
encapsulation for ten separate preparations was
found to be 42%,51 % and 72% for corresponding
mesh sizes of < 16, 8-16 and > 8.
The swelling properties of the granules varied
with the method of encapsulation and the starch used
for encapsulation. In general the xanthide granules
swelled the least, followed by the cooked starch, then
borate 2 and calcium. The borate I procedure led to
the highest swelling granules - the com starch borate

1 granules. However, the dasheen and cassava starch
borate 1 matrices dispersed when placed in water
(Table 5). There seemed to be a direct correlation
between swell ability and release rate. Those parSwellability of some
Controlled-Release

Granules
Method of
Encapsulation

Starch Type

% Swellability

Borate 1

Com

390

Borate 1

Cassava

Disintegrate

Borate 1

Dasheen

Disintegrate

Borate 2

Cassava

40

Borate 2

Com

30

Calcium Adduct

Com

30

ticles that dispersed released pesticide fastest and
those that swelled least released pesticides slowest.
Release rates will be discussed in our subsequent
publications.
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