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ABSTRACT

Objectives: The aim of this study was to prepare and characterize the physical and chemical characteristics of carboxymethylated millet starch
(CMMS) and pregelatinized millet starch (PGMS) to evaluate their improved applications over native millet starch.

Methods: CMMS and PGMS were prepared and assessed for various physicochemical properties. Tests were conducted for moisture content, moisture
uptake, pH, amylose content, swelling capacity, hydration capacity, degree of substitution (DS), and micromeritic properties using standardized techniques.

Results: The measured properties for CMMS and PGMS were as follows: Moisture content was 4.2% and 4.8%; moisture uptake was 32.4% and
12.3%; pH was 7.6 and 6.3; and amylose content was 14.7% and 19.9%, respectively. CMMS had a DS of 0.20 and was completely soluble in water,
while PGMS exhibited a swelling capacity of 4.7, a hydration capacity of 6.8, and demonstrated good flow and compressibility.

Conclusion: Both CMMS and PGMS exhibit enhanced properties that make them suitable for broader applications in pharmaceutical formulations
than native millet starch.
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INTRODUCTION

Native starch has limited applications due to its high molecular weight,
poor solubility in water, the instability of the viscous solutions it
forms, and its vulnerability to microbial contamination [1]. These
innate properties could be modified using various physical, chemical,
and genetic techniques to produce starch with a variety of functional
characteristics that would aid in a variety of specialized applications
[2-5]. Physical (heat-treatment) techniques are carried out for
starch modification because they are significantly less expensive and
do not involve chemical reagents [2]. One of these techniques is
pregelatinization, which is precooking to produce starch that is easily
dispersed in cold water and forms relatively stable suspensions [6].
Pregelatinized starch shows higher swelling power, solubility, and
water absorption capacity when compared with its native counterpart,
this is related to the breaking of cohesive bonds (inside the starch)
and leaching of the amylose within the process of gelatinization [7].
The previous study showed that pregelatinized starch can undergo
plastic distortion because of the compaction process [8]. To create
carboxymethyl starch (CMS), the hydrogen in the starch can be replaced
with another substance, such as a carboxymethyl group. Adding such
a large functional group reduced the starch’s tendency to recrystallize
and made it more resistant to heat and bacterial degradation. Low
gelatinization temperature, high swelling capacity, and cold water
solubility are among CMS’s major properties [9]. Grains such as rice,
wheat, millet, and maize are some sources of starch as well as some
root vegetables such as potatoes [7]. This polymeric carbohydrate can
amount to up to 70% of the millet seed, making it one of the primary
sources of starch. Interestingly, millet became a staple food for humans
10,000 years ago before the rise of rice and wheat [10]. Although this
crop has gained popularity because of its nutrient profile and health
benefits, it is still regarded as being understudied [11]. Pennisetum

typhoides (Burm.f.) Stapf.f.ex Hubbard often known as pearl millet
belongs to the Poaceae family and is a major substance crop in Sudan
with a sizable annual production. Millet production in Sudan was
predicted at 954,000 tons in 2017/2018. With such a large supply,
the local need for starch in the pharmaceutical industry would be
largely satisfied by a millet-derived pharmaceutical excipient with
requisite properties. Our study aimed to prepare and characterize
the physicochemical properties of carboxymethylated millet starch
(CMMS) and pregelatinized millet starch (PGMS).

MATERIALS AND METHODS

Materials

A sample of millet seeds was purchased from Abnaa Sayed Elobied Agro
Export Company, Khartoum, Sudan, and authenticated at the National
Research Center in Khartoum City, Sudan. Materials such as standard
and amylose were purchased from Aladdin in China. Other materials
such as xylene, sodium hydroxide, iodine, potassium hydroxide, and
acetone were obtained from SD fine-Chem Limited, India. Potassium
iodide was obtained from Scharlau, Spain. Ethanol, methanol, and
hydrochloric acid were products of BDH Limited Poole, England.
Chloroacetic acid and citric acid were obtained from Matlab, UK, and
Oxford laboratory, India, respectively.

Synthesis of PGMS

Pregelatinization of starch was done according to the method described
in the literature [1], with slight modifications. In a digital water bath,
50 g of starch in 250 mL of distilled water was heated to 90°C for 15 min
with constant stirring. The resulting pastes were spread out onto trays
made of stainless steel and allowed to dry at room temperature for a
full day. The flakes were ground in a blender, sieved through a 180-um
sieve, and kept until needed.
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Synthesis of CMMS

The CMMS was synthesized according to the method described by
Varghese and Komala, 2022 [9], with slight modifications. First, 60 g
of monochloroacetic acid was dissolved in 800 mL of water. With
continuous stirring, 200 g of millet starch was dispersed in the solution.
After adding 200 mL of a 30% w/v aqueous NaOH solution to the
mixture, it was heated for 1 h to 70°C. Then, the obtained slurry was
treated with 50% citric acid, filtered, and washed with 95% ethanol to
achieve purification. The obtained modified CMMS was air-dried.

Degree of substitution (DS) of CMMS

The technique created by Li et al. 2010 [12] was used to measure the DS
of CMS. After dispersing 5 g of CMMS in 150 mL of acetone, 5 M of HCI
was added, and the mixture was agitated for 30 min. During that process,
the CMMS, which was sodium-based, changed into H-CMMS, or CMMS in
hydrogen form. After that, the H-CMMS solution was rinsed 4 times using
80% (v/v) methanol until neutral. After filtering, the dispersion was
suspended in acetone, filtered again, and then, dried by a desiccator over
silica gel for 24 h. Two grams of H-CMMS were dissolved in a 1% (w/v)
NaCl solution, and titration was performed using a 1M NaOH solution.
Measurement of DS was done according to the equation below:

Q oo X M g

DS=—— MO &
st -Q NaOHX M R

Where

Q NaOH: Quantity of sodium hydroxide used per moL.

Mg: Molar mass of the anhydrous glucose units = 162 g/moL.
Wds: Weight of starch taken on a dry basis (g).

MR: Molar mass of carboxymethyl residue = 58 g/moL.

Moisture content
Using a moisture analyzer, the moisture content of the starch was
determined.

pH
This was determined using a calibrated pH meter and the methodology
described in reference [13].

Swelling capacity of starch

The method of Nataraj and Reddy, 2020 [14] was used to calculate the
swelling power. Every 5 g of starch sample (V1) had its tapped volume
measured and recorded. Next, the starch powder was mixed in distilled
water (100 mL). The volume occupied by the sediment (V2) was
recorded after 24 h and the swelling capacity was calculated as follows.

Swelling capacit _v2
8 y Vi

Hydration capacity

In a centrifuge tube, 2 g of each starch powder (Y) was placed and 10 mL
of distilled water was added. The tube was shaken intermittently for
2 h and centrifuged for 10 min. Following centrifugation, the weight (X)
of the powder was calculated after the supernatant was decanted. The
measurements were carried out in triplicate and the hydration capacity
was calculated according to the following equation [14].

Hydration capacity :%

Measurement of moisture sorption capacity

The moisture sorption capacity was determined using the method
described in references [14,15] with minor modifications. Five grams
of each type of starch were equally distributed among Petri dishes
and kept at room temperature in a desiccator with a relative humidity
of 75% using a saturated NaCl solution. After 48 h, the samples were
removed and an increase in weight was noted. The percentage weight
gain was used to calculate the moisture sorption capacity.
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Determination of amylose/amylopectin ratio

The amylose-amylopectin ratio of starch was measured by a
calorimetric method established by Abdalla et al., 2009 [16]. In a 25 mL
volumetric flask, 5 g potassium iodide and 0.5 g iodine were placed
and diluted with water (stock A). A volumetric flask containing 2.5 mL
of stock A was diluted to a 25 mL with distilled water (reagent B).
In a 100 mL beaker, starch samples (0.02 g) were placed, 10 mL of
0.5N KOH solutions were added, and the starch was dispersed under
magnetic stirring for 3 min. The dispersed samples were put in a
100 mL volumetric flask and distilled water was added. Then, 10 mL
of starch dispersion was taken into a 50 mL volumetric flask, followed
by 5 mL 0.1N HCL and 0.5 mL of iodine (reagent B). Finally, the volume
was diluted to 50 mL to measure the blue color’s absorbance at 625 nm
using an ultraviolet -visible spectrophotometer. Calibrations of the
amylose colorimetric test increments from 2 to 12 mg were plotted
against absorbance at a wavelength of 625 nm.

Micromeritic properties

The micromeritic properties of starch samples were evaluated using
the method described [17]. In addition, the following equations were
used to calculate the Hausner’s ratio and the Carr’s index from the bulk
and tapped densities:

Tapped density — Bulk density %100

Carr index =
Tapped density
Hausner's ratio _Tapped density
Bulk density

Scanning electron microscope

The surface morphology of CMMS and PGMS granules was examined
using a scanning electron microscope in accordance with the protocol
mentioned [18]. The test specimens were attached to stubs with double-
sided tape. The sample was fixed, covered with a thin layer of gold, and
investigated under a vacuum. To ensure clear images, scanning electron
microscopic images were taken at various magnifications.

Statistical analysis

Data were expressed as mean*standard deviation and were analyzed
by one-way analysis of variance followed by Tukey honestly significant
difference test for multiple comparisons.

RESULTS

Physicochemical and micromeritic characteristics of CMMS and
PGMS

Table 1 shows the physiochemical and micromeritic characteristics
of CMMS and PGMS. CMMS and PGMS demonstrated improved
physicochemical properties. CMMS showed high solubility in water,
a pH of 7.6, and a moisture uptake of 32.4%. PGMS had a pH of 6.3,
higher swelling (4.7) and hydration capacity (6.8), and better moisture
stability (uptake: 12.3%). Both starches exhibited favorable flow and
compressibility, indicating potential for pharmaceutical applications.

Scanning electron microscope

Figs. 1 and 2 present the scanning electron microscopy (SEM) images for
CMMS and PGMS, respectively. SEM images revealed that the granules
of both modified starches were large, amorphous, and smooth, further
supporting their suitability for compaction in tablet formulations.

DISCUSSION

In pharmaceutical manufacturers, CMS is commonly employed as a
tablet disintegrant; however, low substituted (DS up to 0.3) polymer,
which is partially cross linked, is primarily used for that purpose and is
referred to as sodium starch glycolate [19]. The DS of CMMS was found
to be 0.20, which increases hydrophilicity and enhances the ingredient’s
ability to hold water, making it more soluble in aqueous systems because
it adds carboxymethyl groups to molecules’ surfaces [20]. As shown
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Table 1: Physicochemical and micromeritic characteristics of

CMMS and PGMS
Parameters CMMS* PGMS*
Moisture content (%) 4.2+0.25 4.8+0.01
pH 7.6£0.15 6.3+0.75
Swelling capacity o, 4.7+0.27
Hydration capacity o 6.8+0.56
Moisture uptake (%) 32.4+1.25 12.3+0.49
Amylose (%) 14.66+0.28 19.88+0.92
Bulk density 0.81+0.02 0.67+0.05
Tapped density 0.94+0.02 0.74+0.08
Carr’s index (%) 10£1.2 9.46+1.38
Hausner’s ratio 1.1+0.05 1.1+0.08
True density 1.54+0.05 1.46+0.02
Angle of repose(°) 22.9+0.52 29.1£1.9

CMMS: Carboxymethylated millet starch, PGMS: Pregelatinized millet starch.
*All values are expressed as mean*standard deviation, n=3. **CMMS: Is
completely dissolved during swelling capacity and hydration capacity tests

- e ¥
SEM HV: 5.0 kV WD 19.24 mm

View field: 4.41 mm Det: SE
SEM MAG: 31 x Date(mJdy): 06007/18 AKASHA

VEGAD TESCAN

Fig. 1: Scanning electron microscopy image of carboxymethylated
millet starch at x31 magnification, showing large
and amorphous granules (210-240 pm) with smooth
surfaces and no observable cracks
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Fig. 2: Scanning electron microscopy image of
pregelatinized millet starch at x31 magnification, showing
large and amorphous granules (230-260 pm) with
smooth surfaces and no observable cracks

in Table 1, the pH and water content of two types of modified starch

were within the acceptable limits of the British Pharmacopeia [21].
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The swelling ability of starch granules is an important characteristic
because the swelling power is not only a measure of the hydration
capacity of the sample but is also an indication of the associative forces
in the granules [22]. While CMMS was soluble and formed transparent
viscous solution in cold water, PGMS was found to have higher swelling
and hydration capacity than the native one, which indicated better
disintegrant abilities of the former compared to the native one. The
relative physical stability of tablets made from a substance under humid
storage conditions indicates their moisture sorption capacity, which is
used asameasure of the substance’s moisture sensitivity [14]. The higher
the rate of moisture sorption the higher will be the deteriorating effect
on drugs that undergo hydrolytic decomposition, in terms of moisture
uptake. CMMS demonstrated higher moisture uptake when compared
with PGMS, suggesting that CMMS should be avoided with moisture-
sensitive substances. Researchers emphasized the function of amylose
in swelling resistance and solubility of granules; because swelling
progressed rapidly after amylose molecules were leached, the amylose
percentage of the modified starch was less than natural starch, indicating
that the modified starch had better swelling and solubility properties.
Since amylose provides gel strength and amylopectin contributes to
high viscosity, the quantity of amylose in the granules significantly
influences the functional and physicochemical characteristics of starch
and can differ within the same botanical variety [23,24]. The main
factors affecting bulk density are particle size, particle size distribution,
and particle shape. This parameter characterizes the packing behavior
of powder during the different tableting unit operations, including die
filling, mixing, granulation, and compression. It is an indirect measure
of powder flow. The ability of a material to decrease volume under
pressure is measured by Carr’s index and Hausner’s ratio, which also
indicates the expected flow behavior of granules when compressed to
create a compact mass [25]. Tablets with greater weight variation result
from a decrease in powder flow as these indices’ values rise [26]. The
tendency of granulated or powdered materials to flow, for instance,
from hoppers through the feed frame into tableting machines, could
be determined using the angle of repose [27]. Micromeritic results
illustrated that the modified starch has good flow and compressibility
properties. Particle compaction and flow characteristics are greatly
influenced by their shapes. Particle irregularity promotes higher bond
formation and increased interparticular contact [28]. CMMS and PGMS
as shown in Figs. 1 and 2 possessed large and amorphous granules that
ranged in size from 200 to 260 um and had smooth, crack-free surfaces,
indicating the compounds’ good flow ability and compaction properties.

CONCLUSION

Multiple physicochemical properties, including water solubility,
water sorption capacity, and flow ability, can be improved by
carboxymethylation and pregelatinization modifications of millet
starch. This would open up new avenues in a variety of fields and result
in more varied and extensive uses for the modified starch. This study
demonstrated that two modified millet starch species, CMMS and PGMS,
could serve as viable substitutes for several widely used excipients. This
will benefit the crop’s additional value and aid in the pharmaceutical
industry’s localization in Sudan.
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