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The design and development of modified cassava starch from Indonesia for film enteric coating polymer
applications were conducted in this study. The cassava starch was physically modified by heating at 70°
to produce pregelatinized cassava starch, followed by chemically modified by esterification to produce
pregelatinized cassava starch phthalate. Pregelatinized cassava starch phthalate was formulated to
produce film coating polymer with variations of concentration. The results of film coating pregelatinized
cassava starch phthalate showed a lower solubility at pH 1.2 and higher at alkaline pH where the optimum
results are shown in formula 3 containing pregelatinized cassava starch phthalate with a concentration of
6 % and plasticizer 50 % of the total pregelatinized cassava starch phthalate. The solubility of formula
3in acidic (pH 1.2) and alkaline medium (pH 7.2) were 11.42 %=+2.06 % and 38.91 %=2.23 %, respectively.
The highest film polymer tensile strength and Young’s modulus was also shown in formula 3 with value of
1.14+0.379 MPa and 3.7%10°£4.4x107. These results suggest that pregelatinized cassava starch phthalate
has the potential to be utilized as a controlled release film coating polymer that has good mechanical

properties.
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The cassava that is used in this study was cassava from
Palolo in Sigi Regency. Palolo region is the highest
cassava production in Central Sulawesi, Indonesia. The
production contribution achieved more than 4261 tons
of cassava in 2015. Those high production of cassava
has the potential to be developed into a raw material for
starch production'). Thus, the novelty of the research
is to utilize the typical resources from Palolo, known
as cassava which has been proven to produce starch.
Going forward, it encourages innovation to transform
natural resources into valuable product thus reduce the
imports of pharmaceutical raw materials in Indonesia.

Widely available, starch has been used as a film-
forming biopolymer for controlled drug release.
However, the use of natural starch has some limitations,
such as lack of swelling capacity and unsatisfactory
mechanical properties for coating the tablet in certain
pH conditions. Consequently, making it necessary to
establish special modifications for natural starches to
with stand the release of the active drug substance in
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certain areas of the gastrointestinal tract®?!.

Both physical and chemical modification of starch
was carried out in this study to enhance the functional
properties of the coating material. The physical
modification is accomplished by pregelatinizing through
heating the starch above its gelatinized temperature to
increasetheswellingcapacityofstarchinwater. However,
the disadvantage of this pregelatinized starch is that it
tends to undergo retrogradation and still not suitable
for controlled release. Hence, a further modification
is needed, namely a chemical modification. Chemical
modification of starch is based on the esterification of
the hydroxyl group with a carboxylic acid derivative
group such as phthalic anhydrate that produces starch
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phthalate. This Pregelatinized Cassava Starch (PCS)
phosphate results in the improvement of the film
characteristics that increase the polymer’s rigidity,
a more stable coating due to the lack of tendency to
retrograde and change the solubility of starch so that
it can be used as a coating material for controlled
drug release!*®. Previous research by Santayanon
et al. reported that the chemical modification of starch
using esterifying reagent, such as acetate, propionate
and butyrate acylated, able to improve its mechanical
properties and the film formation. Meanwhile, cellulose
phthalate as an enteric coating film has the ability to be
more soluble in alkaline media than acidic medial”.

In this study, the development of pharmaceutical
excipients was carried out using cassava starch. The
development was carried out to investigate the potential
of cassava starch as enteric coating polymer based on
the characteristics of the film produced.

MATERIALS AND METHODS

Cassava were harvested from Palolo, Sigi Regency and
processed in our laboratory. The materials used in this
study were Hydrochloric Acid (HCI), ethanol, glycerol,
phthalic anhydride, Sodium Hydroxide (NaOH), sodium
sulfate anhydridate, potassium hydrogen phthalate,
sodium dihydrogen phosphate and dihydrogen sodium
phosphate were purchased from Merck and Co., Inc.

Starch extraction:

The skin of fresh cassavas (Manihot esculenta Crantz)
is removed from harvested cassava tubers then washed
thoroughly using running water. The clean tubers are
cut into slices and then shredded using a machine until
the tubers become smooth. The refined tubers were
collected in a container and suspended with distilled
water. Afterward, the water is squeezed out and filtered
through a flannel cloth; the precipitate was kept in a jar
for 24 h. The starch was then oven-dried for 48 h at 50°,
ground gently with a mortar, sifted with 80 mesh sieve
(180 um mesh size) and stored at room temperature!®.

Starch modification:

The pregelatinization of cassava starch to produce
PCS: 100 g of cassava starch are suspended in 200
ml of distilled water. The suspension is heated at a
temperature of 70° on the hotplate while stirred using
a magnetic stirrer at 200 rpm for 10 min. Then, it was
dried in an oven at 60° for 1x24 h. The dried product is
finally sieved with mesh 80",

100 Indian Journal of Pharmaceutical Sciences

Esterification to produce Pregelatinized Cassava
Starch Phthalate (PCSP): PCSP were prepared
by suspending the pregelatinized starch in distilled
water to achieve the concentration of 10 % w/v. The
suspension was constantly stirred at 1000 rpm and
reacted by adding dropwise 16.67 % phthalic anhydride
solution in ethanol every 1 min (amount of phthalic
anhydride is 50 % by weight starch). During the
reaction, 10 N NaOH solution is added continuously
to adjust the pH level of 8-9, followed by the addition
of 10 mg anhydrous sodium sulfate every 6 min until
the reaction is complete. The reaction is considered to
be completed after the phthalic anhydride solution is
depleted. The stirring is continued for 60 min. Then the
solution is left for 24 h. On the next day, the suspension
was neutralized to pH 6.5-7 by adding 1 N HCL. It was
left until some sediment is formed. The sediment that
has been formed is washed by using 20 ml of 50 %
ethanol for ten times and evaporated at a temperature
of 60°. The PCSP formed is then pulverized and sieved
with mesh 8011,

Characterization of unmodified and modified
starch:

Organoleptic  evaluations and morphology:
Organoleptic evaluations were carried out on PCS and
PCSP obtained to determine the powder’s color, shape
and odor. The shape and surface morphology of the PCS
and PCSP powders were determined using a Scanning
Electron Microscope (SEM) (FEI S50%)19,

Tapped density: Measurement of tapped density was
carried out by weighing 10 g of powder into a 50 ml
measuring cylinder and observed the initial volume.
Then mechanically, the measuring cylinder was tapped
500 times until the volume of powder reaches the
minimum number.

Water content: The amount of the water content, based
on SNI 08-7070-2005 was obtained by weighing 2 g
of PCS and PCSP, then heating it to a constant weight
(105°). The percentage of water content is determined
by the following equation?.

Water content=W-(W -W_)/Wx100 % Eq. 1

Where W is sample weight; W, is cup weight+sample
weight after drying; W, is cup weight when empty.

Degree of Substitution: A total of 10 mg of PCSP
was dissolved in 10 ml of 1 N NaOH solution. Then
the absorbance was measured at the wavelength of
272 nm using Ultraviolet (UV)-Vis spectrophotometer
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(CECIL®). The phthalate content in PCSP was
calculated by entering the absorption obtained into the
linear regression equation from the calibration curve
of the hydrogen phthalate solution in 1 N NaOH. The
degree of phthalate substitution was calculated using
the equation!?,

Degree of  Substitution=162xPercentage of
phthalate/14.900-(148xPercentage of phthalate

Eq.2

Film preparation of PCS and PCSP: The method
used for making the film coating was adapted from the
method developed by Karki et al.'l. The film coating
Formula (F) is shown in Table 1. There are variations
of coating agent concentrations from PCS and PCSP.
The film solution was made up to 50 ml volume in
accordance to each formula. The film solution was
prepared by heating the solution on a hot plate under
constant magnetic stirring until a thick solution is
formed. The viscosity of the film solution was measured
with a Brookfield viscometer (DV-II+PRO®) at a speed
of 50 rpm using spindle number 3. Then, it is left for
1 h to remove the air bubbles. The film solution is then
poured into a petri dish and dried at 55° in an oven for
18 h until a film is formed and can easily be removed
from the dish. Finally, the films were cut into pieces of
3x3 cm.

Characterizations of film coating polymer:

Organoleptic observations and morphology:
Organoleptic observations were carried out on PCSP
and PCSP film coatings including observations of the
shape, color and smell of the film coating. The shape
and surface of the PCS and PCSP films were observed
using a SEM (FEI S50®)B,

Film weight and thickness: To obtain the film
weight, the film was weighed individually on a digital
balance. Then the average weight for each film formula
was calculated. Measurement of film thickness was
determined using a digital calipers, in which the size of
the film coating was 3x3 cm. Measurements were made

at three different locations to obtain the average number
of film thickness!!.

Folding endurance: The film folding endurance was
determined by folding repeatedly the film at the same
location up to 300 times or until the film is torn. The
number of folds in the film in the same place before
tearing is the value of the folding endurance. The method
was done in three random films of each formula®®!.

Film solubility: Film solubility was conducted using
artificial gastric and intestinal fluids. To assess the
solubility of film in gastric fluid, the film was incubated
in 50 ml of 0.1 N HCI (pH 1.240.05) at 37+0.5° for 2 h.
The film was then withdrawn and placed in a desiccator
until it reached a constant weight. The solubility of
film coating is determined as a percent of the weight
of the film lost. Then the films were placed into a 100
ml beaker glass filled with 50 ml of 0.02 M phosphate
buffer (pH 6.8+0.05), followed by incubation for 3 h
at 37+0.5°. Then samples were withdrawn and dried to
constant weight in the desiccator. The test was repeated
again in intestinal fluids with a phosphate buffer (pH
7.4+0.05) at 37+0.5°. The film solubility was expressed
as follows formulal'.

Percentage (%) solubility=X -X,/X,x100 %
Eq.3

Where X and X are the initial and final weight of film,
respectively.

Fourier Transform Infrared (FT-IR) spectroscopic
analysis: The FT-IR spectra of F1-F5 film and the PCSP
powder were generated by a FT-IR spectrophotometer
(IR Prestige-21 from Shimadzu). The sample was
prepared in potassium bromide disks. The absorption of
sample was recorded with wavenumbers ranging from
4000 to 350 cm™ at a resolution of 4 cm™.

Statistical analysis:

All data were analyzed by one-way Analysis of Variance
(ANOVA) using Statistical Package for the Social
Sciences (SPSS) software, (SPSS 17.0 for Windows).

TABLE 1: THE FORMULAS OF PCP AND PCSP FILM COATING

S. No. PCSP PCS Glycerin Distilled water Formula

1 4%, 5% 50 % from PCSP Added up to 100 % F1

2 5% - 50 % from PCSP Added up to 100 % F2

3 6% - 50 % from PCSP Added up to 100 % F3

4 6% - 40 % from PCSP Added up to 100 % F4

5 6% 50 % from PCS Added up to 100 % F5
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RESULTS AND DISCUSSION

In this study, modified cassava starch was obtained by
the pregelatinized-esterification process. The modified
cassava starch powder obtained yields for pregelatinized
and pregelatinized-esterification are 88 % and 70 %,
respectively. The pregelatinizing process was carried
out by heating the starch in excessive water that resulted
in molecular changes. Heat allows the water to diffuse
into the starch granule and swells substantially due to
the amorphous phase’s hydration, whereas esterification
produced phthalate pregelatinized starch. Esterification
is a chemical modification done by substituting the
carboxylate group on the starch hydroxyl group to
produce starch phthalate. This process aims to change
the solubility of starch in the physiological alkaline
atmosphere of the body so that it can be used as a drug
coating agent with a controlled release system!®’.

Characterization of cassava starch powder with
and without modification is described below. The
obtained PCS powder was white, fine powder and has
a distinctive odour of starch, while the PCSP powder
was white in color and odorless. Based on Indonesian
Pharmacopoeia in 5™ edition, the result shows the same

results as the organoleptic test of unmodified cassava
starch and modified cassava starch!'?!.

The powder results from the combination of both
physical and chemical modification and was
characterized to observe the quality of the powder.
The obtained powder was characterized physically in
terms of organoleptic, morphology, tapped density and
moisture content, while for the chemical characteristics,
the degree of substitution test was carried out.

As shown in fig. 1, the morphology of cassava starch
granules obtained based on SEM with the magnification
of 2000x is irregularly rounded. In the observations of
cassava starch granules, which did not undergo any
modifications, the granules shape is separated without
any aggregation. Unlike the pregelatinized modified
starch granules, it appears to aggregate. This shows
that the starch undergoes a pregelatinized process!'*.
The observations of pregelatinized-esterified starch
granules show that more starch is able to aggregate due
to repeated heating processes that break the structure of
starch granulel™!,

The results of the tapped density of PCS and PCSP
powders were described in Table 2, which shows that

i

(ch

Fig. 1: The morphological form of starch powder without modification, (a) Pregelatinized starch powder; (b) Phthalate pregelatinized

starch powder; (c) Magnification (2000x) by SEM
102
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PCSP is more compressible than PCS. This is due to
the esterification process, which was done by stirring
the suspension at 1000 rpm for 120 min, resulting in a
more porous particle so that PCSP is useful in various
processing methods such as granulation and direct
compression!®!,

The water content was determined by heating starch
powder at a temperature of 105° to constant weight, as
displayed in Table 2. The result shows that PCSP had
higher water content than PCS. However, these results
were not significantly different and still categorized as
the moisture content value for Manihot esculenta that
stated in Pharmacopeia specification, which was not
more than 16 %!,

The substitution degree of PCSP powder was carried
out to determine the number of phthalate groups that
react to the starch’s hydroxyl groups. Phthalate levels in
PCSP were measured by the UV-Vis spectrophotometric
method at a wavelength of 272 nm. The wavelength
was determined from a calibration curve in 1 N NaOH.
The results were obtained after plotting the absorbance

200
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134.00£6.00
N
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F
£ 100
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(%)
%)
S 66.67+3.06
50
0

of solution into the calibration curve. The value of the
degree of substitution of 0.0018 was obtained. The
value of 0.0018 indicates the presence of 1 phthalate
molecule for every 1000 anhydroglucose units.
Phthalate substitution is expected to occur in the starch
reactive group, namely at C positions 2, 3 and 6, with
the greatest possible substitution at the C-2 position
because of the greatest reactivity!!”).

The value of the degree of substitution considered
as low, in general, the degree value is 0.20'8], The
esterification reaction occurs in the aqueous medium,
which causes some of the phthalic anhydride to
decompose into carboxylic acid, namely phthalic
acid, which has a lower reactivity than its anhydrous
form. Compared to the aliphatic group substitutions
such as acetate or propionate, phthalate substitution
in starch yields the smallest substitution level. This
may be due to the aromatic form of the phthalates
being larger than the aliphatic groups. Therefore, it is
more difficult for them to penetrate into the molecular
structure of starch®. Although the value of the degree

176.00%2.00

156.0045.29

123.33£1.15

Viscosity (cP)

Fig. 2: The viscosity of film coating polymer solutions, (.) F1; () F2; () F3; () F4; () FS

TABLE 2: RESULTS OF POWDER CHARACTERIZATION

Mean values of characterization

Parameter

PCS

PCSP

Extraction yield (%)
Organoleptic test

24.82 70

White powder with a distinctive smell of starch

White powder, odorless

Tapped density (g/ml) 0.65+0.14 0.69+0.09

Water content (%) 9.59+0.69 9.73+0.65
Substitution degree 0.0018+0.0008
January-February 2022 Indian Journal of Pharmaceutical Sciences 103
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of substitution is low, the PCSP film solution’s viscosity
was lower than that of PCS. The research conducted
by Surini et al.B! elaborated that the substitution of
phthalates in pregelatinized starch caused a decrease
in viscosity and adhesiveness at a concentration of 6
%. This degree of substitution will affect the functional
properties of PCSP, especially its solubility. The higher
the degree of substitution, the lower the solubility of
PCSP in the acidic medium due to the carboxylic group
of phthalates only ionizes under alkaline conditions.
This phenomenon allows PCSP to be used to resist the
drug release in the stomach!'?.

Preparation of the coating film was carried out
by combining either PCSP or PCS with various
concentration of plasticizer (Table 1). Plasticizers are
usually used in the range between 30 %-50 % of the
coating material’s concentration. Plasticizers are also
essential in the production of film coatings as they are
useful in increasing flexibility while minimizing the
brittleness of the film coating.

Fig. 2 showed the viscosity of film solution from
five different concentrations of either PCS or PCSP
as a polymer for enteric-coated tablet with various
concentrations of plasticizer. The data shows that the
viscosity of the F3 is greater than F1 and F2. This is
due to the increasing concentrations of PCSP. The film
solution’s viscosity greatly affects the flowability of
the film solution when it is later applied to the tablet
and the thickness of the film coating. Moreover, both
high molecular weight polymer and high polymer
concentration can affect the characteristic of the film
obtained!®?%!,

In addition, the concentration of plasticizer also affects
the viscosity of the film coating solution, as the viscosity
data of the film solution indicates that the viscosity of

(a)
Fig. 3: SEM micrograph (2000x magnification), (a) Film of PCS; (b) Film of PCSP
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the F4 solution is smaller than F3 and F2. This is related
to the concentration of plasticizer in F4 (40 % of the
total starch), which is smaller than the concentration of
F3 plasticizer (50 % of the total starch).

Film coating polymer characterization were conducted
on the viscosity of each formula, morphology, folding
endurance, tensile strength, weight and thickness of
the film and solubility of the film coating in several
medium with varying pH. The results are shown in
fig. 2, fig. 3 and Table 3.

The organoleptic coatings of PCS and PCSP indicated
that the coated films were colorless, odorless and
flexible. Even though, the morphology of film coatings
containing PCS and PCSP do not significantly differ
in texture. However, that cassava starch possessed a
rough-shaped with a hollow surface. This shape of the
film was due to direct contact with the printed container.

The formulated films thickness and weight were
described in Table 3, which shows that F1 film is
smaller than the F2, F3, F4 and F5 films because the use
of starch as the polymer is the least amount compared
to other formulas. Also, the concentration of plasticizer
added to affect the thickness of the film. The addition
of a plasticizer will increase the polymer that makes up
the film matrix as the total dissolved solids increase.
Aligned with this finding, Sanyang et al.?! stated in
their research that there was a significant increase in
film physical properties against an increase in plasticizer
concentration. This is associated with the role of the
plasticizer in breaking the polymer chains between
molecules, which create more volume or space, as a
result, the film thickness and weight increase.

The measurements of the mechanical strength in each
formula of the film coatings were carried out by using
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www.ijpsonline.com

the data of tensile strength, elongation and Young’s
modulus. It can be seen in Table 3 that an increase in the
PCSP concentration tends to decrease the value of the
mechanical strength of the film coating. The mechanical
strength between F3 and F5 proves that chemical
modification also affects the mechanical strength of
the film coating. The concentration of plasticizer also
affects the mechanical strength of the film coating, as
proven by the mechanical strength values of F3 and
F4. High plasticizer concentration causes the tensile
strength value to decrease due to reduced molecular
interactions!??. The presence of glycerol as a plasticizer
penetrates the film and breaks hydrogen bonds between
polysaccharide molecules24,

Evaluation of the film coating’s solubility is carried out
by incubating the film in a fluid which represented as
a gastrointestinal fluid both in the acidic stomach and
basic intestine. However, starch is biodegradable which
will undergo enzymatic degradation in the digestive
tract, allowing starch to be formulated for a controlled
release system in the small intestine or colon®!,

The data displayed in Table 3 shows that the higher the
starch concentration, the lower its solubility in acidic
and alkaline pH media. The amount of starch content
of F3 is larger than the ones in F2 and F1, which causes
a decrease in water absorption and solubility. The
research of Dimantov ef al. stated that the higher the
concentration of high amylose corn, the more it will
reduce the solubility of the film in the acidic stomach
and in the alkaline intestine, also resistant to pancreatic
enzymes in the small intestine!*!. Meanwhile Surini
et al. proved that the combination of starch phthalate and
Hydroxypropyl Methylcellulose Phthalate (HPMCP) at
a concentration of 5 % was more soluble in alkaline pH
than acidic pH. F3 and F5 have the same concentration
as different types of amyilum modification show that
the solubility of starch after being modified by phthalate

esterification decreases at acidic pH. The presence of
free carboxylate groups in starch causes the PCSP film
coating to ionize more at alkaline pH. In F3 and F4, the
PCSP concentration remains the same, but with different
solubility values. F4 has a lower solubility in alkaline
medium. This is possible because the concentration
of plasticizer is different, whereas in F4 (40 % of the
total starch) it is smaller than the concentration of F3
plasticizer (50 % of the total amount of starch)!'".

The FT-IR spectra for the film and PCSP powder were
shown in fig. 4. The Infrared (IR) spectra are used to
identify the specific functional groups of the starch.
In identifying functional groups, wavelengths from
4000 to 350 cm™ were used because the absorption
radiation of most organic compounds and inorganic
ions is within this region. The results of the analysis
are given in the form of the intensity of the IR signal
relation to the wavelength. Spectra on the PCSP powder
detected there is an O-H function group at wavenumber
3400 cm’!, C-H at wavenumber 2900 cm’, C=C at
wavenumber 2100 cm’, C=0 at wavenumber 1600
cm™ and C-O-C at wavenumber 1000 cm'. This is also
the same as indicated by the peak that appears in the
F1-FS5 film spectra. Despite some small differences, the
FT-IR spectra of the samples exhibit the characteristics
of starch. The major functional groups shown by
starch are hydroxyl groups, alkanes and alkenes”*I,
Moreover, the process of starch modification does not
affect the chemical properties of starch.

In conclusion, the characteristics of film coating are
influenced by the concentration and modification of
starch. F1 and F3 film coated are more soluble in alkaline
medium than acidic medium. Thus, PCSP is potential
agent as an enteric coating polymer for controlled-
release. Where the best results in this study based
on the characterization in the form of organoleptic,
morphology, viscosity of the film solution, thickness,

TABLE 3: THE EVALUATION RESULTS OF THE FILM COATING POLYMER

Average value of the evaluation of the filmtStandard deviation (n=3)

Parameter F1 F2 F3 F4 F5
Film thickness (mm) 0.34£0.02 0.43+0.02 0.45+0.01 0.37+0.01 0.48+0.01
Film weight (g) 0.48+0.05 0.53+0.05 0.56+0.01 0.49+0.05 0.61+0.03
Folding endurance >300 >300 >300 >300 >300
Tensile strength (MPa) 0.06+0.013 0.09+0.006 1.14£0.379 0.43+0.544 0.15+0.008
Elongation (%) 19.22+3.70 26.12+4.94 30.35+8.38 22.31£5.14 46.79+8.60

Young’s modulus
Solubility (%)

3.3x103+6.3x10* 3.3x103+4.9x10* 3.7x102+4.4x1073

1.6x102£1.8x102 3.3x103+6.2x10*

HCL, pH 1.2 15.37+1.44 13.57+2.61 11.42+2.06 10.15+1.23 33.21£2.25
Phosphate buffer, pH 6.8 29.49+0.92 32.88+2.13 36.77+1.47 20.67+3.42 33.19+0.68
Phosphate buffer, pH 7.4 35.24+3.99 37.08+3.16 38.91+2.23 20.91+2.63 30.48+3.25
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Fig. 4: FT-IR spectroscopic analysis

film weight and film solubility were seen in PCSP and
plasticizer with a concentration of 6 % and 50 % of the
total PCSP, respectively.
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