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Abstract Mixing potato starch (PSS) with sodium starch glycolate (SSG) and silica nanoparticles (SiO2)
substantially controls its swelling and mechanical behavior. Therefore, starch-starch glycolate-based delivery
systems may be suitable for regulated model drug delivery. This work aimed to examine the release of dye from
starch micro-particles and films as a mimic study for the drug release from an excipient. Starch film was prepared in
vitro using glycerol as a plasticizing agent in aqueous gelatinous solution containing different amounts of SSG in the
presence and absence of SiO2. UV-vis spectroscopic technique was used to investigate the release kinetics of a
model drug-like compound (Crystal violet, CV) in phosphate buffer solution (PBS) pH 7.4 at 37 oC. The swelling
and folding strength of films have showed the different sensitivities of the films to SSG content and incorporation of
SiO2. It has been determined that SSG's cross-linking capability plays a critical role in starch's mechanical and
rheological properties. Release of cationic drug across the polymeric films was significantly higher than that of the
physical mixtures of CV in PSS-SSG microparticles. A higher release percentage was detected for PSE-Si-CV than
that of PSE-Si-CV-SSG1%. The mechanism for the release of drugs was found to obey quasi-Fickian and
non-Fickian diffusion mechanism for the PSS-Si-CV and PSS-Si-CV-SSG1% films.
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1. Introduction
In recent years, industry has worked to reduce
dependence on oil-based fuels and products due to increased
environmental consciousness [1,2]. This contributes to the
research of alternative materials that are environmentally
friendly to replace existing [1]. The enormous increase in
plastic production and use in our lives led to high plastic
waste generation. Because of problems in disposal, as well
as strict regulations and standards for a healthier and safer
environment, much of scientific work has been directed
towards eco-friendly environmentally materials to solve
the problems caused by plastic waste [1-10]. Many
researchers are focusing on biodegradable materials with
similar properties and low cost replacement of petro-based
plastics [5,11-19]. The use of biodegradable starches from
various sources to prepare films and coatings with
different properties has been documented in several
studies [12,13,15,16,19-23]. Back in the 1950s, amylose

films were self-sportingly made with and without
plasticization of glycerol and evaluated for their
mechanical and barrier properties [24,25].
Starch is a polysaccharide-based material derived from
renewable sources, the major sources are the cereals,
maize, rice, and wheat and the root vegetables, cassava
and potatoes. Filming properties of potato starch are better
compared to those of other processed starch films [26],
since amylose content of starch is responsible for its film
forming property [27]. However, the use of potato starch
with 80% of branched amylopectin poses many drawbacks
in packaging - low moisture sensitivity, weak mechanical
properties and low solubility [26]. Hydrophilic groups and
nanoparticles were taken into account to improve the
characteristics of potato starch film. In addition, pure
native starch films are fragile compared to synthetic
polymer films and typically have to be plasticized.
Glycerol is the most efficient plasticizer would most
closely match the polymer structure that they plasticize.
Glycerol is therefore the plasticizer most widely used in
starch films [28-32].
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Starch film has been recently used to deliver medicinal
drugs for colon and plastic surgery in the treatment of face
and wounds is promising for a starch film made of
biodegradable plasticizing agents [20]. Unfortunately, the
production of starch films is therefore severely hindered
by their weak mechanical and strong hydrophilic
properties that cause an unavoidable reduction in drug
release performance [20]. The best way to overcome these
drawbacks is to modify the starch structure via blending
with other polymers like carboxymethyl cellulose (CMC),
polyacrylic acid (PAA), poly vinyl alcohol (PVA),
polyethylene (PE), poly (lactic acid), cellulose, chitosan,
carboxymethyl chitosan, lignin and xanthan gum which
helps to improve the mechanical characteristics and the
hydrophilic properties of starch [1,4,8,15,19,20,21,33,34,35].
The majority of synthetic polymers however are
hydrophobic, forming thermodynamically inextricable
suspensions of starch. Therefore, simple mixing will
produce a film with a phase inharmoniousness and poor
mechanical properties [36]. Sodium starch glycolate (SSG)
is a good candidate modified natural polymer for the
starch blending. Because of its polymeric structure and
high molecular weight, it can serve as a filler and crosslinking agent in film production. SSG can improve the
mechanical and barrier characteristics of starch-related
films. The key downside of SSG as a blender is high
hydrophilic conduct and swelling capacities [37,38]. Thus,
the silica nanoparticles (SiO2) could be added to starch
blend in order to enhance the water resistance of film, i.e.
lowering hydrophilic character, SiO2 nanoparticles has
previously shown to have a great affinity of starch in the
solution and has been used to study the polysaccharidemineral interaction by inductively coupled plasma mass
spectrometry analysis (ICP−MS), fluorescence, turbidimetry
and spectrophotometry techniques [39,40,41,42]. Silica
nanoparticles is a kind of amorphous powder with a net
molecular structure of three dimensions. Its molecular
formula is SiO2-n, with n varying between 0.4 and 0.8.
Silica nanoparticles is easy to disperse among the
polymeric chains because of its nano-size, large specific
surface area, high surface energy, unsaturated chemical
bonds and hydroxyl moieties on the surface [43]. Several
studies suggested that nano particles can enhance and
improve the performance of synthetic polymers such as
polyimide and polyacrylamide (PAM) [44,45] but a few
studies on nano silica-modified starch polymers has been
issued [26,43]. Because of its multi hydroxy properties
and high surface activity, silica nanoparticles can be used
for starch film modification.
In the present research, we explored the impact on the
creation of a drug release method for pharmaceutical use
by combining two drug carriers PSS and SSG with silica
nanoparticles. The goal of this paper was therefore to
demonstrate the feasibility of preparing a PSS-Si-SSG
blend film in which hydrogen bonds between carboxy
groups on SSG and hydroxy groups on starch are expected
to develop. We have looked at the contribution of
SSG-based film systems to controlled release of drugs.
Crystal violet (CV) used as an in-vitro model to analyze
pathways for the release of drugs. Ultraviolet visible
spectrophotometry (UV-vis) has been used to characterize
film casting and the release of CV. The properties (films
swelling and folding) have also been tested, and the drug

model release mechanism has been tested. Finally, we
elucidated the mechanisms of removing drugs.

2. Materials and Methods
2.1. Materials
All materials in this work was used without further
purification unless was mentioned. Glycerol (Sigma),
double distilled water (Laboratory), disodium hydrogen
phosphate (Sigma), potassium metabisulfite (Fluka),
sodium chloride (Sigma), hydrochloric acid (Sigma),
crystal violet crystals (CV) (Clin-Tech), chloroform
(Sigma), iodine (Fluka), acetic acid (Sigma), potassium
iodide (Fluka), xylene (Sigma), potato (Solanum
tuberosum) was collected from local market of
Benghazi city (Libya), starch from potato, soluble (PSS)
(Sigma-Aldrich), sodium starch glycolate potato starch
based (SSG, Type A) (Anhui Sunhere Pharmaceutical
Excipients Co., Ltd), colloidal silica, 30 wt. % suspension
in H2O with a particle diameter of 34.7±1.4 nm,
surface area of 225 m2/g, pH of 9.2 (1 wt% in water),
density of 1.21 g/cm3, and molecular formula of SiO2
(Sigma-Aldrich).

2.2. Methods
2.2.1. Potato Starch Extraction
The potato starch extraction (PSE) was done as
described by Xie et al. [46]. Briefly, fresh whole potatoes
were collected, washed, skinned, weighed, cubed, soaked
in potassium metabisulfite aqueous solution, then milled
on a cutter and washed with double distilled water. Filtrate
was gathered and kept in a glass beaker for a period. Then
the supernatant was poured out onto the firm starch sheet.
This step was frequently repeated until it became
transparent to the supernatant. Finally, starch lump was
picked up and dried at room temperature, until a constant
weight was gained.
2.2.2. Quantification of Extracted Potato Starch
The yield of starch from potato was measured by its
reaction with iodine. Starch and iodine form a dark-blue
complex with an absorbance maximum at 600 nm [47]. In
a 100 mL volumetric flask of double distilled water,
weight of solid biomaterial collected was diluted. A 10
mL aliquot was combined with 2.0 mL 1 M acetic acid,
2.0 mL freshly prepared iodine reagent, and 86.0 mL
double distilled water. The iodine reagent was prepared in
a 100 mL volumetric flask by dissolving 200 mg of iodine
and 2000 mg of potassium iodide in double distilled water.
For all samples with a 1 cm path-length cuvette, the
absorbance spectra from 400 to 800 nm was measured in a
CECIL CE7400 spectrophotometer (Cambridge, UK) A
typical curve for various concentrations of pure potato
starch was plotted by taking the absorbance value at
600 nm.
2.2.3. Molecular Weight Determination
Weight average molecular weight (Mw) for commercials
and extracted starches was determined by light scattering
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intensities which were measured in the visible range in
terms of turbidity which is defined as the total light
scattered in all the directions. It is frequently measured as
the light reduced by non-absorbing materials using a
UV-vis spectrophotometer. The mathematical relationship
between turbidity (τ) in cm-1 and transmittance (T) or
scattering ratio (Rθ), also known as the Raleigh ratio
because of the excess scattering of the polymer in solution
when compared with that of the solvent in the solution at
the angle θ , is given by Equation (1) [48,49]:

ln T  16π 
τ=
−
=

 Rθ
b

 3 

(1)

where b is the cuvette path-length equal to 1 cm.
Meanwhile turbidity depends on the loss of light
because of scattering material, it could be mathematically
linked to the molecular weight of that particles by
applying the like Rayleigh scattering equation, as shown
in Equation (2) [50]:

Hc
=

τ

1
+ 2 B2 c
Mw

(2)

where c is the concentration of polymer in g mL-1 of
solution, Mw the weight average molecular weight in g
mol-1, and B is a constant for any solvent-polymer solution
and depends on the degree of interaction between the
solvent and the polymer molecules. H is a constant for a
solvent-polymer solution and is given by Equation (3)
[50]:

H=

32π 3 n02 dn 2
( )
3 N A λ04 dc

(3)

in which n0 is the refractive index of the solvent, NA is the
Avogadro’s Number in mol-1, λ0 is the wavelength of the
incident light in cm, dn/dc is the refractive index
increment for any solvent-polymer solution (change in
refractive index with polymer concentration in mL g-1). A
plot of Hc/t versus polymer concentration results in a
straight line with an intercept on the Hc/t axis equals 1/Mw,
the reciprocal of which gives the weight average
molecular weight of the polymer [50].
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2.2.6. True Density of Starch Microparticles
The true density (ρtrue) of the starch powder was
determined by fluid displacement according to a protocol
published elsewhere [2,51]. The weight of a 50 mL empty
density bottle was recorded and subsequently filled with
xylene. The led was put and excess liquid wiped off, and
the weight of that filled bottle (W3) was recorded. Around
5 mL of the liquid was withdrawn from the bottle and
replaced with 0.5 g of PSS or SSG (W2). Once the liquid
level was reestablished, the density bottle was stoppered
and the weight of liquid and powder (W4) was
documented. The true density for each powder was then
calculated using Equation (4):

ρtrue =

W2W3
.
50 (W2 − W4 + W3 )

(4)

2.2.7. Carr’s Compressibility Index
The bulk density (ρb) for the powder of tree polymers
was determined by measuring the mass of the dry powder
and the equivalent volume for PSS, SSG and PSE. About
5 grams of powder sample was poured in a graduated
cylinder has a capacity of 25 mL with graduations marked
every 0.5 mL and it has an accuracy of ± 0.5 ml at 20°C.
The bulk density was calculated by dividing the mass of
the powder by the volume occupied in the cylinder. For
the tapped density (ρt), the cylinder was tapped vigorously
by hand till no more alteration in volume happened [52].
Flowability of each powder was estimated in terms of
Carr's index (CI) [53]. Since CI was calculated from the
bulk and tapped densities of PSS, SSG and PSE powders
as shown in Equation (5):

ρ − ρb
CI = t
x100.
ρt

(5)

2.2.8. Hausner’s Ratio
Hausner’s ratio was measured as the ratio of tapped
density to bulk density of the starch powder, as a
described in Equation (6) [2]:

Hausner ′s ratio =

ρt
.
ρb

(6)

2.2.4. Charring Temperatures of Starch Microparticles
Autoignition of starch microparticles was measured by
pouring quantity of starch in a capillary tube and inserted
inside the melting point apparatus (Gallenkamp). A
thermometer was incorporated to the machine to monitor
the temperature. Through the glass window powder
sample was viewed to observe when it started changing
color from white to dark brown. This temperature range
was recorded as the charring temperature.
2.2.5. Gelatinization Temperature of Starch
Suspensions
Gelatinization temperature for starch suspensions was
determined as a procedure mentioned in the literature with
slight modification [51]. Briefly, A flat-bottomed flask
was filled with 20 wt % dispersion of the starch and
placed in a hot water bath. With the assistance of a
thermometer, the temperature range of when gelatinization
began and when it was completed was recorded.

2.2.9. Angle of Repose
Angle of repose (θ) for powders was measured as
described in the literature [2]. A funnel was held with its
tip 3 cm above a 10 cm filter paper. The starch powder
was permitted to flow through the funnel until the peak of
the cone was formed and fairly touched the tip of the
funnel. The mean radius (r), of the base of the powder
cone was measured and the tangent of the angle of repose
calculated by using Equation (7):

h
r
where h is the height of the mound of starch powder.

θ = tan −1

(7)

2.2.10. Moisture Content of Starch Microparticles
The moisture content of the starch powders was
measured thermo-gravimetrically using four digits balance
and thermometer. 1 g of starch powder was balanced and
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spread out on the petri dish. The samples were dried at
105°C for till get a constant weight. The weight difference
because loss of moisture was calculated and expressed as
the percent moisture content [2].
2.2.11. Making Starch Films
The starch films were prepared according to procedure
taken from literature, with slight modification [54].
Briefly, 0.025 grams of silica microparticles were
suspended in distilled water for 60 minutes and left to rest
overnight, then the suspension blended with 2 grams of
potato starch (PSS) and sodium starch glycolate (SSG)
with variation of 0 wt%, 0.1 wt%, and 1 wt%, then 2 gram
of hydrochloric acid was added to ensure the complete
dissolving of polymer, after that the solution was
neutralized by adding 2 grams of sodium hydroxide, hence
the solution was mixed with 2 grams of glycerol, and
distilled water in order to complete about 34 grams of
solution. After homogenization, this solution was heated
at 70°C under stirring until gelatinous starch was formed.
Same procedure was repeated with various amounts of
SSG but in absence of silica. Similarly, dyed film of
starch extracted from potato (PSE) was prepared but a
0.25 grams of crystal violet dye (CV) was added to the
film when in vitro dye release study was carried out.
According to the casting technique, a specific content of
filmogenic solution was poured onto squared glass plates
(10 x 10 cm2) to obtain smooth, unbroken and constant
thickness films of 100 µm. Finally, prepared films were
dried in desiccator at room temperature for approximately
72 hours. The drying process was continued until a
constant weight was obtained.

reference. Films were placed on the internal side of a
quartz spectrophotometer cell. Film opacity (AU nm) was
defined as the area under the recorded curve determined
by an integration procedure according to Passaretti et al.
[6], and the standard test method for haze and luminous
transmittance of transparent plastics recommendations
(ASTM D1003-00).
2.2.15. Folding Endurance
Folding strength or flexibility is a method to evaluate
the mechanical properties of a film. It was measured by
continually twisting prepared film strip of 2 x 2 cm, at
180° angle of the plane at the same place until it was
broken. The number of times that the film could be
twisted up and down without breaking is the value of
folding endurance for that film. Higher folding endurance
value describes the more mechanical strength of a film
[56].
2.2.16. Determination of Dye Entrapment
The dye content in PSE-CV film was determined using
a method reported by Nair et al. [57]. 1 g of PSE-CV film
was placed in a volumetric flask containing 50 mL of
phosphate buffer and kept overnight. Then the suspension
was diluted up to 100 mL by adding distilled water and
filtered after vigorous shaking. Finally, the absorbance of
the solution was measured using a CECIL CE7400
spectrophotometer (Cambridge, UK). The dye content was
estimated according to the Beer-Lambert's law as shown
in Equation (10):

C=

2.2.12. Film Swelling
Water uptake by the film was gravimetrically measured
by remarking mass of the wet film Mw after soaking in
water for 25 hours at 37°C. The percentage of water
absorption was calculated using the Equation (8) [34]:

S=

Mw − Md
x100
Md

(8)

Where S is the swelling ratio and Md is the weight of
initial dry film.
2.2.13. Film Density
For determining film density, samples of 1.5 x 1.5 cm
were maintained in a desiccator with phosphorus
pentoxide for 7 days and weighed. Hence, dry film
densities were calculated by applying Equation (9) [55]:

ρ film =

M
Aδ

(9)

where, A is the film area (2.25 cm2), δ the film thickness
(cm), M the film dry mass (g) and ρ the dry film density in
g cm-3. The film density was expressed as the average of 3
determinations.
2.2.14. Optical Property
Opacity and UV barrier capacity were determined from
the absorbance spectra (200-750 nm) recorded in a CECIL
CE7400 spectrophotometer (Cambridge, UK), with air as

A

(10)

εb

where, C is the concentration of CV dye, A is the
absorbance at 580 nm, and ɛ is the extinction coefficient
for CV dye and was determined the integration for the
area under curve of visible spectra of dye, steps are
represented by Equations (11) and (12):

Ai =

(

aup

)(

π w fwhm / 2 2 ln 2

)

(11)

where Ai is the absorbance of 12.5 µM of CV solution, aup
is the area under peak, π = 3.14, and wfwhm is the full
width at the half maximum of peak. From the absorbance
Ai, the absorption coefficient e is determined by Equation
(12):

ε=

Ai
Ci b

(12)

where b is the path length of sample in cm and Ci is the
concentration at Ai value.
2.2.17. Physical Mixtures of Starch Microparticles
Physical mixtures of PSE and SSG microparticles
used for comparison of release with the prepared films
were prepared by gentle mixing of known quantities of
CV and potato starch powder contain 0 % and 1 % of
SSG with a ceramic mortar and pestle for 10 min. Then
50 mg of resulted mixture was applied for the release
study.
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2.2.18. In-Vitro Dye Release
In vitro dye release from PSE film was carried out
according to a protocol taken from the literature with
minor adjustments [57]. Dissolution study was done on a
dissolution bath with a rotation speed of 50 rpm in a
paddle type. The test was performed in 900 mL of freshly
prepared phosphate buffer solution (PBS) pH 7.4. A weighed
quantity of dye loaded film was placed in dissolution
medium maintained at 37°C. The amount of drug released
into the medium was determined by withdrawing 5 mL of
the dissolution fluid at predetermined time intervals.
The volume withdrawn was replaced immediately with
an equal volume of release medium with the same
temperature to maintain sink conditions. The absorption of
withdrawn solutions was determined at 580 nm using a
CECIL CE7400 spectrophotometer (Cambridge, UK) after
filtration and suitable dilution. All determinations were
done in triplicate.

2.3. Release Kinetic Models
There is variety of kinetic models, which defined the
overall release of drug from the dosage forms. Because
qualitative and quantitative alterations in a formula may
additionally adjust drug release in vivo performance,
growing tools that facilitate product improvement with the
aid of reducing the need of bioresearch is always desirable.
On this regard, using in vitro drug dissolution information
to expect in vivo bio-performance may be taken into
consideration because the rational improvement of
controlled release method [58]. Herein four mathematical
models were utilized to investigate crystal violet release
kinetics which is explained below.
2.3.1. Zero Order Model
Zero order kinetic is used to fit the mechanism of
constant drug release from a drug delivery system [58,59].
In order to investigate the drug release kinetics data
gained from in-vitro dissolution study the cumulative drug
release is plotted against time. In this model the slope
gives the zero-order rate constant and the correlation
coefficient of the plot will decide whether the drug release
fits zero order kinetics or not [58,59]. As specified by the
principles of pharmacokinetics, drug release from the
dosage form might be measured by Equation (13):
(13)

𝑄𝑄𝑡𝑡 = 𝑄𝑄0 + 𝐾𝐾0 𝑡𝑡

where Qt is the cumulative amount after time t, Q0 is the initial
amount of drug at time equal to zero, and K0 is the zero-order
rate constant in concentration per time units [58].
2.3.2. First Order Model
First kinetic model is applied to analyze the drug
release in pharmaceutical dosage forms which contain
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water-soluble drugs in porous matrices [58]. The drug
release which follows first order kinetics could be
symbolized by Equation (14) [58,59]:

LogQ
=
LogQ0 +
t

K1t
2.303

(14)

where, Qt is the amount of drug released in time t, Q0 is
the initial amount of drug and K1 is first order constant. In
this model the graphical representation of the log
cumulative of % drug remaining release versus time will
be linear with a slope equal to K1/2.303. The dosage form
obeys to this model includes those having water soluble
drug in a porous matrix and release the drug that is
directly proportional to the amount of drug released by
unit of time [60].
2.3.3. Higuchi Model
In 1961 Higuchi established mathematical models to
examine the release of water soluble and sparingly soluble
drugs loaded in solid matrix [60]. The dissolution from a
system containing a homogeneous matrix can be
expressed by Equation (15):
1

Q = KH t 2

(15)

where Q is the amount of drug released in time t per unit
area of matrix, KH is the Higuchi dissolution constant.
Higuchi describes drug release as a diffusion process
founded in the Fick’s law. For diffusion-controlled
process a plot of Q versus square root of time is linear
with a slope equal to the Higuchi constant [60].
2.3.4. Korsmeyer-Peppas Model
Once it has been established that the key mechanism of
drug release is diffusion controlled from Higuchi model
then it comes the release of drug tracks which kind of
diffusion [59]. To distinguish the dissolution mechanisms
from a drug matrix, the release data should be fitted by
means of the empirical model suggested by Korsmeyer
and Peppas[59]. Korsmeyer and Peppas introduced forth a
simple equation describes the drug release from a
polymeric system and decides which sort of dissolution,
the equation can be represented by Equation (16):
 Mt 
log=

 LogK KP + nLogt
 M∞ 

(16)

where Mt is the fraction of drug released in time t, M∞
is the amount of drug released after time ∞, n is
the diffusional or drug release exponent, KKP is the
Korsmeyer release rate constant. To explore release
kinetics a logarithm of cumulative % drug release (log
Mt/M∞) against logarithm of time (log t). The slope which
gives n value is used to classify different release
mechanisms as given in Table 1 [61,62].

Table 1. Different Release Mechanisms
Release Exponent (n)
n < 0.5 (0.45)
n = 0.5 (0.45)
0.5 (0.45) < n < 1
n = 1 (0.89)
n > 1 (0.89)

Drug Transport Mechanism
Quasi-Fickian diffusion
Fickian diffusion
Non-Fickian diffusion (Anomalous)
Case II transport
Super case II transport

Rate as a Function of Time
tn
t0.5
tn-1
time -independent
tn-1

Drug Release Mechanism
Non swellable matrix-diffusion
For both diffusion and relaxation (erosion)
Zero-order release
Relaxation / erosion
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3. Results and Discussion
3.1. Quantification and Kinetics of Starch
Extracted from Potato
Spectrophotometric method using iodine as a marker
was a good protocol for a quantitative evolution of starch
extracted from potato, as shown in Figure 1. The kinetic
calculation for the potato experiment was done by
weighing of 0.42 grams from fresh potato and average
absorbance value was recorded as a function of time.
From the linear regression analysis of y=5.102x+0.08508
the starch concentration was determined by rearranging
the formula to x= (y- 0.08508)/5.102. For instance, after
one hour of extraction the starch concentration was found
to be 0.042 mg/mL. Sine the dilution factor was 1:10
making it a concentration of 4.2 mg/mL. This amount was
extracted from 0.42 g of fresh potatoes. The total amount
of starch in 1 g potatoes was therefore 10 mg or 1 % of the
fresh weight. The extraction kinetic data of starch was
mathematically fitted by plateau followed by one phase
decay using GraphPad prism software®. The half-life of
extraction was 4.21hours with R2 equal to 0.9768, this
suggested that the applied model was a proper fit to
determine the time at which the half amount of starch is
extracted from 1 gram of potato.

3.2. Characterization of Starch
Microparticles
Plots of Hc/τ against PSS, PSE, and SSG concentration
produced straight lines as shown in Figure 2. The weight
average molecular weight (Mw) for each polymer which is
the reciprocal of intercept is displayed in Table 2. The
following values of dn/dc (in cm3/g) were used in
calculating polysaccharide molecular weights: PSS,
0.150(l = 589 nm) [63]; PSE, 0.150(l = 589 nm) [63];
and SSG, 0.154 (l = 436 nm) [64]. It can be noted
that Mw values of PSS and SGG were in the range
of molecular weight of polymer applicable as
pharmaceutical excipients [37]. Also, starch extracted
from potato (PSE) produced a weight average molecular
weight close to the commercial starch. Table 2 also lists
some physicochemical and powder properties of
commercial and extracted starches are demonstrated. It
was found that the pH extracted potato starches, PSE,
(6.5) which is very close to the commercial starch,
PSE, (6.8), and SSG was weak acidic (6), these acidity
values fulfill the British Pharmacopoeia conditions of
excipients [65]. Moreover, the moisture content of
PSE, SSG, and extracted potato starch evaluated was
within the limits (10-20%) recommended by the British
Pharmacopoeia [65].

Figure 1. Standard curve for PSS solutions using absorbance at 600 nm (a). Kinetics for experimental data of starch yield per one gram of potato (dots)
a combined with a mathematical fitting, plateau followed by one phase decay (solid lines)
Table 2. Physicochemical characterization of PSS, SSG, and PSE
powders

Figure 2. A plot of Hc/τ versus the concentration of PSS, PSE, and
SSG polymers (R2 for PSS = 0.9496, for PSE R2= 0.9951, and for SSG
R2 = 0.9970)

Polymer powder
Property
Mwx106 (g/mol)
Particle size (µm)
Amylose content (%)
Bulk density (g/cm3)
Tapped density (g/cm3)
True density (g/cm3)
Carr’s Index
Hausner’s ratio
Angle of repose
Moisture Content (%)
pH
Charring temperature (°C)
Gelatinization temperature (°C)
*

As informed from the supplier.

PSS

SSG

PSE

262
10-100*
20-23*
0.6900
0.8500
1.48
18.82
1.231
36.93o
18
6.8
220-235
65-75

0.82
30-100*
0.7453
0.9183
1.53
18.84
1.232
36.96o
10
6.0
200-225
58-69

381
0.7100
0.8720
1.50
18.58
1.228
36.84o
20
6.5
222-238
67-77
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SSG powder had higher bulk density (0.7453), tapped
density (0.9183) and true density (1.53) compared to
values of 0.6900, 0.8500 and 1.48 recorded for the PSS.
Interestingly, density values of extracted potato starch
(PSE) were very close to commercial one (PSS), as seen
in Table 2. PSS and SSG powders evaluated had relatively
similar mean particle size range (10-100 μm). This
particle size distribution is acceptable for good excipient
since fine powders (particle size < 75 μm) have poor flow
which undesirably affect uniformity of the dosage unit and
minimize their application in direct compressions [2]. The
extracted potato starch like the commercial starches had
good values for angle of repose (36.84o), Hausner’s ratio
(1.228) and Carr’s compressibility index (18.58) which
confirmed their good flow properties (Table 2). The
gelatinization temperature range of extracted potato starch
was 67-78°C which agrees with the commercial starches,
PSS and SSG (Table 2). This, gelatinous behavior
of starches used in this work, correlates with the
gelatinization temperature range of potato starch that
reported in the literature (65-77°C). As it can be seen from
Table 2 all starch powders do not melt, but autoignite
above 200°C, this gives an idea of their thermal stability.

3.3. Characterizations of Starch Films
3.3.1. Optical Properties
After solvent casting, films had smooth surfaces and
were dry, thin, flexible, transparent to cloudy, and free
from bubbles. Dry films were simply detached from the
glass mold (casting vessel), perhaps because of the
existence of plasticizer. Under visual checkup, films were
homogenous. However, when dye was loaded into films
the films were colored. Thus, the optical properties were
only carried out on the undyed films.
Figure 3 displays UV-vis spectra of PSS films and its
composites, it is associated with UV barrier capacity and
opacity in bar plots. Opacity values were applied to
evaluate the effect of silica nanoparticles (SiO2) and SSG
on PSS films transparency. Mostly, in the circumstance of
composites convey information about the filler size
scattered inside the PSS matrix. Accordingly, molecule
sizes bigger than visible wavelengths would scatter light,
prompting cloudy films [6]. It was expected that PSS
produces a film with a minimum opacity values, increasing
gradually with adding SiO2 and dramatically with addition
of SSG in film composite formulations. The lowest
opacity was a desirable property for PSS films to visualize
the loading of model drug (CV). As shown in Figure 3 UV
absorption of starch films was determined at a wavelength
range from 250 nm to 300 nm. The UV barrier capacity of
PSS films was slightly enhanced by increasing the amount
of SSG, but no effect was observed upon adding silica.
3.3.2 Mechanical Properties
Folding endurance reflects the film's ability to bear
breakage when repeatedly folded along the same path.
High folding endurance values depict a considerable
mechanical strength of the film [66]. It is directly
regulated by the amount of plasticizer used in the
formulation. The folding durability of the film was in
order, PSS > PSS-SSG0.1% > PSS-Si > PSS-Si-SSG0.1%
> PSS-SSG1% > PSS-Si-SSG1% (Figure 4). Folding
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endurance values of the produced films were found within
acceptable range for oral films [66] and the highest
folding strength occurred for PSS film (100 folds),
indicating good strength and elasticity, which can be
attributed to the use of the plasticizer which has property
to add flexibility to films [66,67]. As a plasticizer,
glycerol can reduce intermolecular forces between
macromolecule bonds, enhance film flexibility and growth
the elongation percentage [67]. Also, addition of glycerol
into the film solution could result in numerous structural
changes in polymer tissue, thus the film matrix becomes
less rigid, the polymer chains shift, and the flexibility of
the film increases [67]. This result fits with observation
reported by Wahyuningtyas et al. [67] who found that
adding of glycerol concentrations between 0-15% effects
the mechanical characteristics of the carboxymethyl
cellulose (CMC) - corn starch edible film, i.e. the
reduction of the tensile strength in the range of
0.1405-4.7960 MPa and the increase in the percentage
elongation of 30.21-313.99%. In this study the
concentration of plasticizer was fixed at concentrations of
5% based on earlier reports which demonstrate good
plasticization effect of propylene glycol [66]. Preliminary
experiments (data not shown) indicated glycerol content
of 5% as the best concentration. But, at higher
concentrations cracked thick films were produced.
However, incorporation of crosslinking and filler agent
(SSG) in PSS-SSG0.1% and PSS-SSG1% films has
decreased folding endurance to 90 and 80 folds,
respectively; this observed decrease in flexibility with an
increase in the concentration of SSG could be because of
the increase in the degree of crosslinking of the polymeric
chains which restricts the free movement of starch
molecules. Likewise, the presence of SiO2 nanoparticles lead
to minimize folding endurance in PSS-Si, PSS-Si-SSG0.1%,
and PSS-Si-SSG1% films (85, 83 and 75 folds,
respectively). This behavior was predictable and was
credited to the resistance employed by the mineral itself
and to the aspect ratio and orientation of the introduced
silicate layers [36]. Additionally, the stretching resistance
of the oriented backbone of the polymer chain in the film
matrix linked by hydrogen bonding correspondingly
contributed to declining the folding strength. The silica
performances as a mechanical reinforcement of starch
dropping the flexibility of the macromolecule [36]. The
key purpose for this development in the mechanical
properties is the stronger interfacial interaction between
the film matrix and exposed surface of SiO2 nanoparticles.
Through the casting and drying of the films, the original
hydrogen bonds formed between the hydroxyl groups in
starch were swapped by the new hydrogen bonds formed
between the hydroxyl groups in starch, the hydroxyl and
carboxyl groups in SSG and the hydroxyl groups in
hydrated silica. The existence of these new hydrogen
bonds capable to enhance the mechanical properties.
3.3.3. Films Densities and Swelling Properties
Figure 4 shows density of control (PSS) and composite
films (PSS-Si, PSS-SSG0.1%, PSS-SSG1%, PSS-Si-SSG0.1%,
and PSS-Si-SSG1%). The density of PSS film was about 20
x 10-3 g/cm3 this value reduced to half when silica
nanoparticles were added in PSS-Si film, but by adding
SSG to PSS the density of films was doubled in absence
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of silica (PSS-SSG0.1% and PSS-SSG1% films). In contrast,
a minimum reduction in the density values was recorded
in presence of silica (PSS-Si-SSG0.1% and PSS-Si-SSG1%
films). Figure 4 also represents water uptake by the films
expressed in swelling percent (S). The films kept their
integrity, precisely, they did not dissolve or cut up
throughout the experiment. This is a supportive evidence
for occurring successful crosslinking between PSS and
SSG considering that SSG is soluble in cold water. It is
worth to state that all the films after test visually returned
to their original mass. Swelling ratio denotes to the water
retentive capacity and depends on the existence of
hydrophilic groups such as carboxyl, free volume besides
crosslinking density [35,68]. It was observed that the PSS
film swelled by 15%, then in absence of silica PSS-SSG
films are more swelling than the control film, and the
films conditioned at 1% SSG possessed higher swelling
index than film in 0.1% SSG, since it reached its maximum
at 67 % for PSS-SSG1% film. On contrary, swelling power
was reduced of PSS film when silica nanoparticles were
added (that is, 7% S) had the half S of PSS film, while
they contained 17% and 24% S for PSS-Si-SSG0.1%, and
PSS-Si-SSG1% films. However, film samples contain SSG
were higher in swelling ability than native PSS film,
which is the result of higher hydrophilic behavior of SSG

when compared to PSS, what correlates with the water
uptake results [68]. Whereas, the addition of silica reduced
the films swelling as previously reported by Ismail et al.
[21], which could be attributed to the network created by
blending silica nano particles with potato starch films, this
might improve the water resistance and inhibit the
solubility of the films [21,23]. Hence, combining starch
with silica led to a reduction in the water absorption of
films. Moreover, the water absorption capability acts as a
vital property, especially for oral thin films. As reported
by previous study [69], that the film containing 2% w/v of
both sodium carboxymethylcellulose and hydroxyethyl
cellulose, exhibited good swelling index (31%), a suitable
residence time and promising controlled drug release,
therefore could be nominated for the development of oral
thin films for effective therapeutic usages.
Based on swelling and hydrophilicity of SSG,
PSS-Si-SSG1% were selected for in vivo model drug
release study and PSS-Si was used as a control.
Building on the similarity in physicochemical behavior
for both commercial and extracted potato starches
(see Table 2), PSE was chosen for investigating the
release behavior of crystal violet dye (as model drug).
Figure 5 shows the physical appearance of dyed and
undyed starch films.

Figure 3. Absorption spectra, opacity (blue bars), and UV-barrier capacity (red bars) of potato starch soluble film (PSS), PSS with silica film (PSS-Si),
PSS with 0.1 % of starch glycolate film (PSS-SSG0.1%), PSS with 1 % of starch glycolate film (PSS-SSG1%), PSS with silica and 0.1 % of starch
glycolate film (PSS-Si-SSG0.1%), and PSS with silica and 1 % of starch glycolate film (PSS-Si-SSG1%)

Figure 4. Densities (ρfilm x 10-3 g cm-3), swellings (S) and folding
endurance (folds) of PSS film and its composites

Figure 5. Visual aspect of selected films obtained from starch
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3.4. Dye Characterization
Figure 6 displays the absorbance spectra of 12.5 x
10-6 molL-1 crystal violet (CV, model drug) dissolved in
chloroform at 37oC. It can be observed that the absorption
spectra displayed the well-known structured band of the
CV dye [70], giving a maximum absorption at about 580 nm
and an extinction coefficient (ε) equal to 173155 M-1 cm-1,
the absorbance at maximum and ε were used to determine
the amount of entrapped and released drug at 37°C , this
temperature was selected in this study to mimic the body
temperature.
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forming hydrogen bonds with the cationic dye [71], for the
PSE-Si-CV-SSG1% film the CV release exhibited a weak
tendency to be eliminated from the film.

3.5. Dye Entrapment and Release
The crystal violet entrapped in PSE-Si-CV and
PSE-Si-CV-SSG1% films was 20 and 38%, respectively. It
was found that the drug entrapment markedly depended on
the presence of SSG in the films. The amount of the CV
entrapped in PSE-Si-CV-SSG1% film was higher than
that of PSE-Si-CV film. This could be because the
electrostatic interaction of cationic dye (CV+) was more
with PSE-Si-CV-SSG1% in comparison to PSE-Si-CV,
since PSE-Si-CV-SSG1% rich in anionic carboxylate
moieties (COO-) pendent in the SSG backbone.

Figure 7. Release profiles of crystal violet from PSE-Si-CV film, PSESi-CV-SSG1% film, PSE-CV mixture and PSE-CV-SSG1% mixture in
phosphate buffer solution (PBS) pH 7.4 at 37°C

This could be because CV was cationic, when it was
incorporated and release from the anionic film (PSE-SSG),
beside hydrogen bonding the electrostatic interaction may
make a significant effect [72]. The CV and PSE-SSG film
were oppositely charged, and so the electrostatic attraction
existed between them and the dye strongly bonded in the
film matrix, and the release amount of the PSE-Si-CV
film was lower. These results are in agreement with Yue
et al. [73] that investigated the effects of poly acrylic acid
(PAA) content on the release efficiency of crystal violet
from a film composed of PAA and poly vinyl alcohol
(PVA), PAA and PVA have similar functional groups of
PSE and SSG. It was found that the release rate of the
drug decrease with increasing PAA content at 37°C.

3.7. Release Mechanisms

Figure 6. UV-vis absorption scan in a range equal to 350-650 nm for
crystal violet (12.5 µM in chloroform) at 37°C

3.6. In-Vitro Release Study
The in vitro release of pure CV in PSE-CV and
PSE-CV-SSG1% physical mixtures reached approximately
10% after 300 min as displayed in Figure 7. Such a low
releases is related to its low solubility and crystallinity of
CV. On the other hand, the rate of CV release from films
was significantly higher than that of the physical mixtures
of CV (Figure 7). This large difference in dissolution rates
could be attributed to the addition of plasticizer and the
SSG polymer which enhance the water solubility and
consequently the release rate from films. The CV release
profiles in buffer solution (pH 7.4) 37°C is shown in
Figure 7 for both films PSE-Si-CV and PSE-Si-CV-SSG1%.
When compared with the high release rate for PSE-Si-CV
because of adsorption sites which cover the surface of
PSE are OH groups and at natural pH the starch chain is
neutral as described in our previous work [42]. The OH
groups of starch act as centers for interaction through

To specify the mechanism of model drug release, an invitro drug release profile was applied in four mathematical
models and was interpreted in the form of graphical
presentation as shown in Figure 8. Each model was
assessed by correlation coefficient (R2) as depicted in
Table 3. The maximum value of correlation coefficient
governs the appropriate mathematical model that tracks
drug release kinetics [59]. Fitting of PSS-Si-CV and
PSS-Si-CV-SSG1% films experimental data recorded that
Korsmeyer-Peppas and Higuchi model, exhibited higher
degrees of correlation coefficient than other models.
The drug release was properly fitted by Higuchi model
(R2 = 0.9308 for PSS-Si-CV and R2 = 0.9556 for
PSS-Si-CV-SSG1%), this suggests that release of model
drug from films as a square root of time dependent
process and diffusion controlled, slopes indicated that
the PSE film had dissolution constant than PSS-Si-CV
film, see Table 3. Furthermore, the Korsmeyer-Peppas
model (R2 = 0.9703for PSS-Si-CV and R2 = 0.9626 for
PSS-Si-CV-SSG1%) specified the kind of diffusion, which
was evaluated by value, Release exponent (n = 0.4266
for PSS-Si-CV and n = 0.6078 for PSS-Si-CV-SSG1%)
which suggests that the drug release from the PSS-Si-CV
film follow quasi-Fickian diffusion mechanism, but for
PSS-Si-CV-SSG1% film obey to non-Fickian diffusion
mechanism. Two mechanisms are represented in Scheme 1.
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Scheme 1. Schematic representation of drug release from non swellable film-diffusion (a) and from a film made of swellable polymer (b). The
phenomena of water uptake, swelling, polymer chain relaxation, drug diffusion, polymer chain disentanglement, and polymer edibility are depicted

Figure 8. Zero order (a), first order (b), Higuchi model, (c), and Korsmeyer-Peppas model (d) kinetics release of CV from PSE-Si-CV and
PSE-Si-CV-SSG1% films in phosphate buffer solution (PBS) pH 7.4 at 37°C
Table 3. Results of different models in terms of R2, slope and intercept of CV release from PSE-Si-CV and PSE-Si-CV-SSG films in phosphate
buffer solution (PBS) pH 7.4 at 37°C
Mathematical fit
Zero order model
First order model
Higuchi model
Korsmeyer-Peppas model

Slope
0.1359
0.0013
3.6980
0.4266

PSE-Si-CV film
Intercept
23.21
1.438
-1.081
0.7490

R2
0.8123
0.7274
0.9308
0.9703

Slope
0.1185
0.0018
3.1780
0.6078

PSE-Si-CV-SSG film
Intercept
12.58
1.172
-7.997
0.1883

R2
0.8562
0.7122
0.9556
0.9626
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Nanometer- nm
Centimeter- cm
Carr's index-CI
Swelling percent-S
Extinction coefficient-ε
Regression coefficient-R2.

4. Conclusions
Starch was extracted from potato in pure form and its
physicochemical properties was close to commercial
starches. A series of films of potato starch (PSS and PSE)
blended with SSG and SiO2 nanoparticles were
successfully synthesized. The UV-vis spectra analysis
showed that the PSS film had a lowest opacity values,
increasing steadily with addition Si and intensely with
adding of SSG. The UV barrier capacity of PSS films was
increased by increasing the SSG content, but it was
independent of silica concentration. Swelling properties of
the films showed that the more the SSG content in the
films, the higher the swelling ratio in various medium.
Swelling ratio decreased with adding SiO2 nanoparticles.
Mechanical characteristics were related to the composition
and swelling ratio of the films. Moreover, folding strength
for PSS film was 100 folds which demonstrating good
strength and elasticity, but incorporation of SSG and
SiO2 nanoparticles caused a marked reduction in folding
endurance. Digital photograph exhibited a homogeneous
structure, which indicated the good compatibility and
miscibility between potato starch and SSG. Potential
application of the PSE films in controlled drug delivery
was also examined. The CV release from films was
pointedly higher than that of the physical mixtures of CV
in PSS and SSG powders in buffer solution at 37oC. A
lower release rate was observed for PSE-Si-CV-SSG1%
than that of PSE-Si-CV which was attributed to the
electrostatic bonding existed between anionic SSG and the
cationic dye (CV+). The drug release mechanism is found
to follow quasi-Fickian diffusion for the PSS-Si-CV film,
but for PSS-Si-CV-SSG1% film obey to non-Fickian
diffusion mechanism.
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