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ABSTRACT: This article presents our preliminary experimental data on the release
kinetics and encapsulation efficiency of urea formaldehyde (UF) crosslinked matrices of
starch (St), guar gum (GG), and starch 1 guar gum (St 1 GG) for the controlled release
of solid (chlorpyrifos) and liquid (neem seed oil) pesticides. The data reveal variable
release rates in relation to the polymer type and especially the pesticide type. It is
possible to slow the release rates of pesticides using cheaply available materials such as
starch and guar gum. © 2001 John Wiley & Sons, Inc. J Appl Polym Sci 82: 2863–2866, 2001

INTRODUCTION

Starch (St) and guar gum (GG) are the naturally occur-
ring biodegradable polymers, which, after derivatiza-
tion/crosslinking,1,2 can be effectively used as the en-
capsulating membrane materials in the controlled re-
lease (CR) of agrochemicals. In recent years, the
development of modified naturally occurring polymers
as CR devices in agroindustries has emerged as a new
technology with a better commercial viability than the
use of the conventional synthetic polymers since these
are known to create some environmental concern.3–5

Therefore, research has been ongoing to find a suitable
alternative and film-forming membrane material that

can be safely used in agroindustries.2 This is very es-
sential in the present day to alleviate or minimize the
toxic effects of some of the widely used pesticides. In
this pursuit, we undertook extensive research on the
development of environmentally safe CR agroprod-
ucts.6 Most recently, Hong and Park7 reported the pos-
sibility of using polyurea microcapsules to encapsulate
both liquid and solid bioactive compounds, but these
systems are not cost-effective in agroindustries.

A process for the encapsulation of pesticides using
urea formaldehyde (UF) crosslinked starch8 and guar
gum6 matrices was reported in the earlier literature. In
continuation of this research, we report here prelimi-
nary experimental data on the effect of the physical
nature of naturally occurring core material such as
starch and guar gum on its encapsulation efficiencies
as well as the release kinetics of a solid pesticide (chlor-
pyrifos) and a liquid pesticide [neem (Azadirachta In-
dica A. Juss.) seed oil (NSO)]. Chlorpyrifos is an or-
ganophosphorous compound used against pests like
white grub and holotrichi consanguine blanch. How-
ever, when chlorpyrifos is applied to plants or mixed
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with soil, it will produce toxic effects to the environ-
ment, especially to the ozone layer.9 On the other hand,
NSO finds applications as a liquid spray to control
pests affecting cotton, vegetables, etc. This communi-
cation reports on the experimental results of the encap-
sulation efficiency, bead size, and release kinetics of the
polymer type both individually and in combination as
well as the pesticide type.

EXPERIMENTAL

Detailed experimental procedures for the prepartion of
UF-crosslinked St, GG, and (St 1 GG) granules con-
taining different pesticides were explained earlier.6 In
brief, the granules were prepared in two steps: (i) the
UF prepolymer was first prepared by mixing urea and
formaldehyde (previously made alkaline with a 10 %
NaOH solution) in a 1:2 molar ratio in a 500-cm3 bea-
ker and refluxing it for 30 min in a water bath main-
tained at 70°C and (ii) the gelatinized St or GG or St
1 GG (50:50) blend containing the pesticide was pre-
pared by boiling it in water. Then, the pesticide was
finely dispersed into the mucilage formed above. The
mucilage-containing pesticides were crosslinked with
the previously prepared UF prepolymer as explained in
step (i). The mass thus formed was sieved through a
10#-size mesh ASTM sieve and the granules formed
were dried in a vacuum oven at 30°C under a pressure
of 600 mmHg for overnight. The dried granules were
then sieved through a 22#-size mesh superimposed on
44#-size mesh (ASTM) sieve to obtain uniform-size
granules varying in size between 1.0 and 2.0 mm, as
measured by a micrometer screw gauge.

The encapsulation efficiencies for both the chlorpyr-
ifos and NSO were calculated by estimating the pesti-
cides before (theoretical) and after encapsulation (ac-
tual loading).6,10 The dissolution experiments were
performed by a static method in 250-cm3 conical flasks
containing 30 % (w/v) methanol in water (100 cm3) as
the dissolution media. These flasks were closed with
the closer caps and kept in an incubator (WTB Binder,

Germany) at 35°C. At definite intervals of time, a 10-
cm3 aliquot was pipetted out and analyzed for the
amount of NSO using a UV spectrophotometer (Seco-
mam, Anthelie, France). In the case of chlorpyrifos, the
analysis was done by gas chromatography (Hewlett–
Packard, HP-6890, USA).3 The chlorpyrifos-loaded
granules were further analyzed by an X-ray diffractom-
eter (USIC, Shivaji University, Kolhapur, India) to con-
firm the polymorphism of the solid pesticide particles
after encapsulation.

RESULTS AND DISCUSSION

The encapsulation efficiency of the polymer is a func-
tion of both the nature of the matrix material and the
pesticide type. If the membrane polymer is highly rigid,
then the matrix will be a good encapsulating material
for both solid and liquid forms of pesticides.7 The three
different types of encapsulation matrices used in this
research are of natural origin, which are further mod-
ified by crosslinking with the UF prepolymer to achieve
an efficient encapsulation of both chlorpyrifos and
NSO. The X-ray data suggest a uniform dispersion of
solid chlorpyrifos particles in the bead matrix. The
results of the percent entrapment efficiency, particle
size, and density of the matrices for all the systems are
given in Table I. The particle size varied from 1.99 to
2.54 mm, with a narrow size distribution. The percent
entrapment efficiency ranged between 97 and 99 for
chlorpyrifos and varied from 97 to 98 for NSO. The
density of the matrices varied between 1.16 to 1.73
g/cm3.

The release of pesticides from the granules depends
on their water-uptake characteristics. For instance, a
highly swollen matrix releases the pesticide more when
compared to the less swollen matrix. The results of the
water-uptake data by St, GG, and St 1 GG granules
are presented in Figure 1. The UF-crosslinked St ma-
trix exhibited a higher water uptake. On the other
hand, the GG matrix exhibited the least uptake. This is
due to the more rigid structure of GG after crosslinking

Table I Results of Particle Size, Entrapment Efficiency, and k and n Values

Matrix Active Agent
Densityb

(g/cm3)
Particle Size

(mm)
Percent Entrapment

Efficiency k (min2n) 1023 n

St Chlorpyrifos 1.1694 2.3 6 0.23 97.4 6 0.98 0.08 0.36
GG Chlorpyrifos 1.7313 2.21 6 0.31 98.3 6 1.31 0.03 0.42
St 1 GGa Chlorpyrifos 1.4891 1.99 6 0.36 99.3 6 1.55 0.03 0.42
St NSO 1.1786 2.54 6 0.96 96.8 6 1.67 0.52 1.42
GG NSO 1.6859 2.32 6 0.26 97.6 6 1.88 0.17 1.59
St 1 GGa NSO 1.4326 2.01 6 0.61 98.4 6 2.31 0.96 1.24

a 50 : 50 of St 1 GG matrix.
b Density of swollen matrix.
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when compared to the St matrix. The UF-crosslinked
St 1 GG matrix exhibited an intermediary water up-
take between those of St and GG. In the systems stud-
ied here, the St matrix shows the highest % release
while the least release is shown by the GG matrix. The
maximum percent release observed in the case of the St
matrix is due to its loose network structure, because its
highly hydrophilic nature might have been converted
into a partially hydrophobic nature after crosslinking
with UF. On the other hand, the more hydrophilic GG
after crosslinking becomes more rigid.

The percent release data versus time for the St, GG,
and St 1 GG matrices loaded with chlorpyrifos and
NSO are presented at 35oC in Figures 2 and 3, respec-
tively. The release of chlorpyrifos was somewhat faster
in comparison to NSO. See, for example, Figure 2,
wherein the release rates from starch granules are
higher than are those from the GG matrices. Also, for
the chlorpyrifos-loaded GG granules, the release fol-
lows zero-order kinetics. On the other hand, see, for
example, Figure 3, wherein higher release rates are
observed for the NSO-loaded starch granules, but for
the GG as well as St 1 GG granules, a zero-order
release kinetics is prevalent. Notice that in all the
granules the initial release rates are very quick with
the solid pesticide-loaded matrices, but there is a time-
lag period in the case of liquid pesticide-loaded matri-
ces (see Figs. 2 and 3). This is possibly because the
UF-crosslinked GG is swollen to a lesser extent (Fig. 1)
when compared to St as well as to St 1 GG granules

The static fraction release data, Mt/M`, were fitted
to an empirical equation11–13 of the type

Mt

M`
5 ktn (1)

Here, the parameter k represents the nature of the
interaction between the pesticide and the polymer,

while the exponent value of n decides the nature of the
transport mechanism. The values of n and k were esti-
mated by the method of least squares, all at a correla-
tion coefficient value of .0.999. These data are given in
Table I. For solid chlorpyrifos, the release follows the
Fickian type because the n values are slightly smaller
than 0.5, but not less than 0.35; this is possibly because
the granules are irregular in shape. Such values were
also reported in the earlier literature.8,13 For the NSO-
loaded granules, the n values are between 1.24 and
1.59. This is indeed the range expected of Case II trans-
port.12 Also, the k values are higher for the NSO-loaded
matrices when compared to the chlorpyrifos-loaded
granules, which further substantiates higher interac-
tions of the liquid NSO with the matrix materials than
with the solid chlorpyrifos.

In conclusion, the pesticide-loaded granules devel-
oped in this research may be useful in agroindustries as
these seem to be effective in the control release of toxic
pesticides into the soil, further alleviating the environ-

Figure 2 Chlorpyrifos release from (E) St, (‚) GG,
and (h) St 1 GG matrices.

Figure 3 NSO release from (E) St, (‚) GG, and (h) St
1 GG matrices.

Figure 1 Percent water uptake of (E) St, (‚) GG, and
(h) St 1 GG matrices.
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mental hazards. However, the release rates are depen-
dent upon the nature of the polymer as well as upon the
pesticide type.
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