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Conventional starches from potato and maize are widely used in pharmaceuticals for
their favorable physicochemical properties and accessibility. However, increasing
demand for these starches in the food and biofuel industries has necessitated the
exploration of alternative starch sources with comparable or superior excipient
properties. This study looked at the potential for the use of Ginger and Tiger Nut
Starches for Pharmaceutical formulations. Starch was extracted from fresh ginger root
and tiger nut using the wet milling and sedimentation method, followed by drying and
pulverization. The extracted starches were analyzed and compared to potato starch as a
reference standard. Ginger starch had a 4.6% yield, while tiger nut starch yielded 10.8%,
with both meeting British Pharmacopoeia (BP) standards. Ginger starch exhibited
higher bulk density, hydration capacity, swelling index, and moisture sorption, making
it a strong candidate for binding and disintegration. In contrast, tiger nut starch
demonstrated greater particle density and porosity, indicating better stability. FTIR
analysis confirmed no significant interaction with paracetamol powder, supporting its
suitability as a pharmaceutical excipient. While potato starch remains the preferred
option overall, ginger starch offers superior binding and disintegration compared to tiger
nut starch. In contrast, tiger nut starch provides more stable moisture content, indicating
its suitability for formulations requiring extended shelf life and stability.

INTRODUCTION

Pharmaceutical  excipients are  non-active
substances that are combined with active
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pharmaceutical ingredients to enhance their
formulation, stability, and bioavailability of the
resulting dosage form, ensuring effective delivery
to its site of action (1). Natural polymers have been
used in different pharmaceutical formulations as
they are easily available, non-toxic, biodegradable,
and cost-effective as pharmaceutical excipients
(2). Some natural polymers used in pharmaceutical
formulations include xanthan gum, alginate,
starch, chitosan, gelatin, pectin, dextran, and guar
gum. Starch is one of the most widely used natural
polymers for pharmaceutical formulations. The
two naturally occurring high molecular weight
polymers that makeup starch are branched soluble
amylopectin and largely linear insoluble amylose,
and both are made up of repeated D-glucose units
connected by glycosidic linkages comprising 75—
80% amylopectin and 20-25% amylose,
depending on the botanical source(3). In
pharmaceutical formulations, starch is often
employed as a binder, diluent, and disintegrant.
The main reasons for their functional flexibility
are their varied inherent physicochemical features,
biocompatibility, biodegradability, and relative
simplicity of modification (4). The attraction to
using starch as a pharmaceutical excipient in
various drug delivery technologies and
formulations arises primarily due to its
physicochemical and functional properties (5).
Conventional starch sources, such as potato,
maize, and cassava, have been extensively utilized
in the pharmaceutical industry due to their
excellent  physicochemical  properties and
widespread availability. However, the increasing
global demand for these starches in the food and
biofuel industries has necessitated the exploration
of alternative starch sources with comparable or
superior excipient properties(6,7). Among these
alternatives, non-conventional starches such as
ginger root (Zingiber officinale) and tiger nut
(Cyperus esculentus) starch have gained attention
for their potential pharmaceutical applications due
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to their biochemical profiles(8). Some of the
required properties that make native starch
valuable as a pharmaceutical excipient include:
their white, soft, smooth dryness as well as gelling,
and viscosity imparting properties, Additionally,
when modified, new properties are impacted
which expands their functions and uses, making
them more efficient in both conventional and
novel drug delivery systems (9).

Ginger (Zingiber officinale) is an herbaceous
perennial plant belonging to the order Scitamineae
and the family Zingiberaceae. It is a perennial
reed-like plant with annual leafy stems about a
meter (3 — 4 feet) tall(8) Ginger thrives in tropical
and subtropical regions, requiring well-drained,
fertile soil and a warm, humid climate for optimal
growth(10). Natural ginger is harvested based on
the size of the bulb and the age of the leaves. It
contains substances including fat, starch, volatile
oil, and gingerol(11). The constituent substances
are well-known for their antibacterial, antioxidant,
and anti-inflammatory properties (12). Ginger is a
good source of starch, comprising approximately
56.0% starch, and its dry powder form has a
carbohydrate content ranging from 61.93% to
67.21% (13).

Cyperus esculentus is an edible grass plant that
produces nut-like tubers known as tiger nut. The
nuts, which are about 30 mm long, are
characterized by a sweet and somewhat milky taste
(14). 1t is cultivated and consumed in many
tropical and subtropical countries. According to
earlier isolation and characterization, tiger nut
starch satisfies US Pharmacopeia requirements for
commonly used starches, including potato and
maize (15). Extraction methods of starch include
wet milling, dry milling, mechanical pressing,
enzymatic hydrolysis, solvent extraction,
ultrasound-assisted extraction, and pulsed electric
field (PEF) technology (16). However, a wet
extraction method was chosen for this study
because of its affordability, ease of use,
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environmental friendliness, and high-purity starch
yield.

Recent studies have explored the potential usage
of non-conventional starches as pharmaceutical
excipients. For instance, ginger starch has been
investigated for its binding and disintegrant
properties, demonstrating superior performance to
cassava starch in ibuprofen tablet formulations
(11). Also, Ibezim et al. (13) demonstrated that
ginger starch could function as a binder in
acetaminophen tablets, showing comparable
performance to maize starch. Similarly, the starch
of tiger nut has been reported to exhibit
potential as a disintegrant and binder, pointing to
significantly high levels of amylose and
remarkable gel-forming ability(17).

Comparative studies with other more conventiona
| sources indicate that tiger nut starch offers better
flow properties and stability, whereas ginger
starch has greater hydration capacity and swelling
power, which can be utilized for fast release of
drugs(18,19). Ginger and tiger nut starch are two
of the most commonly researched non-
conventional starch sources for pharmaceutical
formulations. However, despite the growing
interest in unconventional starches like tiger nut
(Cyperus esculentus) and ginger root (Zingiber
officinale) as pharmaceutical excipients, there is a
critical knowledge gap concerning comparative
studies that determine their functional properties
based on established standards like potato starch.
While previous studies have compared
unconventional starches, like ginger or tiger nut
starch, to traditional starches, such as cassava
starch, highlighting potential alternatives(20,21), a
systematic comparison of ginger and tiger nut
starches with each other and with pharmaceutical-
grade starches, such as potato starch, has
not been conducted, while assessing both drug
compatibility and physicochemical functionality
(binding, disintegration, flow) within the same
experimental framework.
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To address this gap, this study extracted and
characterized starches from ginger root and tiger
nut using a standardized wet milling method and
assessed their  physicochemical properties,
including hydration capacity, swelling index,
flowability, moisture  sorption, and API
compatibility. The extracted starches were
systematically compared against pharmaceutical-
grade potato starch as a reference standard, with
particular emphasis on binding and disintegration
potential quantified through bulk density, tapped
density, and swelling capacity measurements.
Flow and stability characteristics were evaluated
using the angle of repose, Carr's index, Hausner
ratio, and porosity analysis. Finally, through FTIR
spectroscopic analysis, excipient-API
compatibility was assessed using paracetamol as a
model drug to determine their potential as
pharmaceutical excipient options.

MATERIALS AND METHODS
2.1. Materials and Equipment

The materials used for the experiment included
tiger nut, ginger root, and distilled water.
Equipment such as a 25 ml pycnometer bottle,
centrifuge (model TG16-WS), thermometer, pH
meter, Analytical balance (model Sartorius
CP3202P), and blender were the types of
equipment employed in this study. All other
reagents used for the physicochemical analysis
were of analytical grade.

2.2. Sample collection, Pretreatment, and starch
Extraction

The Tiger nuts and ginger root were collected from
Abura market, Cape Coast, Ghana. The fresh tiger
nut and ginger root were washed, and the ginger
root was chopped into small pieces. The ginger
roots (400 g) and tiger nut tuber (400 g) were
soaked in water for 2 days at room temperature.
Thereafter, the chopped pieces of ginger root and
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tiger nut tuber were wet-milled into a slurry
separately using a blender and water. They are
filtered through a white muslin cloth. The filtrates
were allowed to stand for 5 hours, and the
supernatant was carefully decanted. The resulting
starch was dried in the sun for a day and dried at
60°C in an oven for 24 hours, pulverized, weighed,
and sealed air-tight in a plastic container for
analysis.

2.3. ldentification test for tiger nut and ginger
root starch.

2.3.1. lodine test.

0.5g of ginger root and tiger nut starch were
separately placed in a clean test tube to which 1 ml
of 0.2N of freshly prepared iodine was added,
shaken, and observed for the presence or absence
of starch (11).

2.3.2. Solubility test.

0.5g of the ginger root and tiger nut starch were
separately weighed and poured into a beaker
containing 1 ml, 2 ml, 10 ml, 1.0 L, and 10.0 L of
distilled water at 25°C and stirred, and the
solubility was observed. The same procedure was
repeated using 95% alcohol as a solvent (24)

2.3.3. pH determination.

Approximately 0.5 g of the ginger root and tiger
nut starch were separately weighed into 40ml
distilled water and the mixture was thoroughly
mixed for 5 minutes, and the pH was determined
using a pH meter. The determination was done in
triplicate and the mean value was considered as the
pH of starch.

2.4. Determination of physicochemical properties
of the starches.

2.4.1. Angle of repose-
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The starch powder was sieved to obtain the correct
and somehow uniform particle size. A glass funnel
was clamped on a retort stand at a 25 cm distance
from the flat surface covered with paper. 15 g of
the sieved ginger and tiger nut starch powders
were weighed and separately placed in the glass
funnel and were then allowed to flow through the
funnel to form a heap. The height (h) of the heap
formed was noted. A circle was drawn around the
heap. The radius from the different parts of the
circle was measured as r1, r2, and r3. The mean
radius was calculated as (r). The determination
was done in triplicate and the mean value was
considered as the angle of repose of the starches.
The angle of repose was calculated using the
relation

6 =tan™'()

(1)
2.4.2. Hydration capacity

Following the protocol used by Hasan et al.(18),
0.5 g sample of each powder (ginger and tiger nut
starch) was placed in a centrifuge tube and 6 ml of
distilled water was added. The tubes were shaken
for about 2 minutes and left to stand for 20 minutes
before centrifuging at 3000 rpm for 15 minutes.
The supernatant was decanted and the weight of
the powder after centrifugation was recorded.
Hydration capacity (H) was determined using the
equation below
Hydration capacity = Ws/Wd

()
where Ws = weight of sediment formed and
Wd=weight of the dried starch powder.

2.4.3. Moisture sorption capacity

Approximately 0.5 g of the individual starch
powders (W) were weighed and put into a tarred
petri dish. The samples were then placed in a
desiccator containing distilled water at room
temperature and the weight gained by the exposed
samples at the end of four days (Wg) was recorded
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and the amount of water absorbed (Wa) was
calculated from the weight difference as
Wa=Wg—-W

3)

2.4.4. Determination of swelling capacity

Following the protocol used by(24), the tapped
volumes occupied by 5 g (Vp) of the starches each
were noted. The starches were then dispersed in 85
ml of distilled water, and the volume was made up
to 100 ml with more distilled water. It was allowed
to stand for 24 hours. The volume of the sediment
was then recorded (Vs), and the swelling
capacity(S) was calculated as
S=[(Vs—Vp)/Vp] x 100
(4)

2.5. Determination of Starch Density.

2.5.1. Bulk density (Bd) and Tapped density (Td)

Approximately 15 g each of the ginger and tiger
nut starch powder was separately introduced into a
clean, dry 100 ml measuring cylinder through a
short-stemmed glass funnel, and the volume
occupied by each was recorded as (VB). The
measuring cylinder was then tapped on a wooden
table at a fixed height until no further change in
volume was observed. The new volume occupied
by the starch powder is recorded as the tapped
volume (VT). The determination was done in
triplicate and the mean value was considered as the
bulk density and tapped density of the starch. The
bulk density and tapped density of the individual
starches were obtained by using the relations
respectively.

Bd =22
Vb
(%)
Td = Mp/Vt

(6)
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Where, Mp = Mass of the powder, Vb = Bulk
volume of the powder, Vt = tapped volume of the
starch powder.

2.5.2. Carr’s index

The difference between the tapped and bulk
density divided by the tapped density was
calculated, and the ratio was expressed as a

percentage.

Bd-Td . 100

()

Carr's Index =

2.5.3. Hausner ratio

This is the ratio of tapped density to bulk density
and was calculated for all the starches. That is,
Hausner Ratio = Td/Bd

(8)
2.5.3. Determination of Starch particle density

An empty pycnometer bottle with the stopper was
weighed as W;. The bottle was filled with water
(water was used as the displacement liquid) to the
brim, and all spilled-over liquid(water) was wiped
off with an absorbent cloth and the bottle and water
were weighed as W, with the stopper on. The
water was carefully removed from the bottle and
approximately 0.5 g of the starch was transferred
into the bottle, and the bottle was closed with the
stopper. The bottle, together with the starch, was
weighed as W5;. Water was added to the starch in
the bottle to fill the bottle to the brim, and the
bottle was closed with the stopper. The weight of
the bottle together with the starch and water was
weighed as WW,.
Weight of Starch(X) = W5 — W,

(9)
Weight of pycnometer bottle +
water present with starch(Ws) = W,-X

(10)

3436 | Page



Helegah Foster, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 3432-3445 [Research

Weight of water displaced by starch (Y) =
W, —Ws (11)
True Density = X/Y

(12)

2.5.4. Porosity

The powder porosity (E) was calculated by the
equation
E = [1 — (Bd/Pd)]x100

(13)

Where Bd=bulk density, Pd=particle density of
starch (Hasan et al., 2014)

2.5.5. Packing fraction

The packing fraction (P;) was expressed as the
ratio between the bulk density (Bd) and the particle
density (Pt) as
= (Bd /Pt).
(14)

2.6. FT-IR compatibility test:

The interactions between paracetamol powder, an
active pharmaceutical ingredient (API), and the
two starches were investigated by FTIR studies.
The compatibility of a mixture of paracetamol and
both ginger root and tiger nut starches was studied
by IR spectra
(C:\OPUS_7.2.139.1294\MEAS\.8828)

RESULTS AND DISCUSSION

The percentage yield of ginger root starch was 4.6
%wt / wt, while that of tiger nut starch was 10.8%
wt / wt. The results indicate that the percentage
yield of extracted starch from tiger nuts is
significantly higher than that of ginger root starch.
This suggests that tiger nut may be a potentially
more cost-effective source of starch over ginger
root starch as a pharmaceutical excipient.

3.1 ldentification Test

The identification test shows that both the ginger
root and tiger nut starches are insoluble in water
and 95% alcohol at room temperature, the same as
potato starch. All three starches tested positive for
the iodine test, confirming the presence of starch.
It shows that both the ginger root and tiger nut
starches compared well with the standard potato
starch. The pH of the three starches was up to the
standard limit of 4.5-8 (25). The closeness of the
pH of the three starches to 7.0 could be an
advantage because a neutral pH might decrease the
tendency of the interaction of excipient with an
active pharmaceutical ingredient (API). The
neutral pH helps maintain the compatibility of the
excipients with other components of the drug
formulation, avoiding potential adverse reactions.
The odor and solubility test for these starches were
within the official recommendation (BP, 2010).
The results of the identification tests are shown
below in Table 1.

Table 1. Results of the identification tests for ginger root, tiger nut starches, and Potato Starch

Properties Ginger root starch Tiger nut starch Potato starch
Solubility test Insoluble Insoluble Insoluble
pH 6.67 6.77 6.52
lodine test Positive Positive Positive
Odor Odorless Odorless Odorless

Source: The results of the potato starch were obtained from (18)

3.2 Physicochemical Parameters of Starch

The physicochemical parameters of the various
starches are presented in Table 2 and Figure 1.

‘(i: ';\9 INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES

Ginger starch possessed higher hydration capacity
(2.11) and swelling index (56.1%) compared to
tiger nut starch (1.30 and 44.4%, respectively).
These parameters suggest improved disintegrant
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performance for ginger starch because hydration
and swelling are crucial for tablet disintegration by
capillary action and polymer relaxation (26). The
hydration of starch represents the amount of water
absorbed by the particle of the starch or the particle
surface (27). This result implies that all three
starches could have valuable disintegrant
properties and could adopt the disintegration
mechanism of wicking and swelling (26). The
result and values obtained, ginger starch can be a
better disintegrant than tiger nut starch, with potato
starch showing the highest disintegrant ability.
The higher swelling of ginger starch follows
studies on other tuber starches, where amylose
content (approximately 20-25%) is responsible for
higher water absorption (28). Potato starch, with
the highest hydration (2.33) and swelling (69.5%),
remains the standard due to its high amylopectin
content, which results in rapid water
absorption(29).

The Compressibility index, angle of repose, and
Hausner ratio predict the flow and compressibility
of powders. Hausner ratio above 1.2 and Carr’s
index above 23% do not indicate good flow or
good compressibility. Ginger starch has a
compressibility index of 30.16%, indicating a very
poor flow property, while tiger nut starch has a
Carr’s index of 40.5%, indicating an awful flow
property. Potato starch has a Carr’s index of
22.4%, indicating a passable flow. Ginger starch
has a Hausner ratio of 1.44, implying a poor flow,
while tiger nut starch has a Hausner ratio of 1.68,
indicating a very poor flow. Potato starch has a
Hausner ratio of 1.2, which indicates a fair flow.
From the result obtained, it means that granulation
and/or addition of glidants might be necessary
before formulation. The poor flowability of tiger
nut starch was likely due to its irregular particle
shape and high porosity (75.92%), which increases
interparticle friction (30). Ginger starch showed
relatively better flow but was still worse than
potato starch. This is consistent with observations
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by (Builders et al., 2013), who observed that
indigenous tuber starches tend to need glidants
(e.g., silica) for direct compression. The angle of
repose was also used to determine the flow
properties of the starches. The angle of Repose of
tiger nut starch is greater than that of potato starch,
and that of potato starch is also greater than ginger
starch. An angle of repose above 50° indicates
poor powder flow characteristics (24). All three
starches fall within the limit. Ginger starch flows
better than both tiger nut and potato starch, with
tiger nut starch having the least flow according to
the angle of repose. The low packing fraction of
tiger nut starch (0.24) supports its loose, cohesive
nature (18). From the results of porosity and
packing fraction, tiger nut starch has the highest
porosity, followed by ginger starch and potato
starch. Higher porosity indicates a more porous
and permeable starch, which can be beneficial for
drug release and absorption. A lower packing
fraction indicates a more loosely packed starch
powder, which can improve flow properties and
compressibility. Tiger nut starch has the lowest
packing fraction, followed by ginger starch and
potato.

The moisture sorption capacity of the starch refers
to the ability of the starch to absorb and retain
moisture from its surrounding environment, that is,
the moisture sensitivity of the starch. It often
reflects the relative physical stability of the tablets
formulated with the starch when stored under
humid conditions. (31). Tiger nut starch absorbed
less moisture compared to ginger and potato
starches and showed better stability in conditions
of moisture. The property is important for tropical
climates, where low-hygroscopic excipients
minimize tablet degradation(31). This shows that
tiger nut starch, when used in tablet formulation,
may absorb less moisture, resulting in tablets with
better physical stability than both ginger and
potato starches. As for all theories of
disintegration, the penetration of water (or another
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liqguid media) before disintegration is necessary,
and their degree can be assessed by the
determination of hydration capacity, porosity, and
swelling capacity (32). The porosity of tiger nut
starch is high (75.92%) and may inhibit water
entry, as reported with phosphorylated starches by
(19).

Tiger nut starch had the highest particle
density (1.60 g/ml) and porosity (75.92%), which
may enhance drug release due to greater pore
connectivity (33). Ginger starch's intermediate
porosity (61.31%) indicates balanced binding-
disintegration properties, similar to
phosphorylated plantain starches,
which have enhanced disintegrant efficiency
owing to their porous nature (34). Also, the tapped
density of the starch powder refers to the density
of the starch and its ability to compact to form a
tablet(11) . Tiger nut starch has a tapped density of
0.65 g/ml, as compared to ginger starch with a
value of 0.76 g/ml, and potato starch has the
highest tapped density value. The bulk density of
tiger nut starch is 0.39 g/ml, and that of ginger
starch is 0.52 g/ml. Potato starch has the highest
bulk density value. Hence, tiger nut starch could
be more compact and less fluffy than ginger starch,
and ginger starch could also be more compact than
potato starch. Therefore, they could retain

moisture, and this could aid in improving binding
properties in both tiger nut and ginger starch than
the potato starch. Potato starch has the highest
swelling capacity value, followed by ginger starch
and tiger nut starch. Swelling capacity is an
indicator of the disintegrating property of
starch(35). This property is important for
formulations that require good disintegration and
dissolution of the drug.

These  physicochemical properties  directly
influence or impact the functional performance of
the starches in pharmaceutical applications,
particularly in terms of disintegration and stability.
Tiger nut starch is more structurally stable with its
higher density and lower moisture sorption and,
therefore, can be best utilized as a filler or binder
in solid dosage forms. Ginger starch, with its
higher hydration and swelling properties, is better
suited as a disintegrant, which may be useful in
rapid drug release but may be less stable in
moisture-sensitive formulations. Potato starch
possesses a balanced structural behavior and is a
reliable standard excipient that can be utilized for
diverse pharmaceutical applications. Thus, the
choice between ginger and tiger nut starch
should be based on the specific formulation
requirements.

Table 2. Results on the physicochemical properties of tiger nut and ginger root starch compared with
Potato Starch

Physicochemical properties | Ginger Root starch Tiger Nut starch Potato starch
Bulk density (g/ml) 0.52 0.39 0.69
Angle of repose (°) 33 40 34
Hydration Capacity 211 1.30 2.33
Tapped density(g/ml) 0.76 0.65 0.89
Carr’s index (%) 30.16 40.5 22.4
Hausner ratio 1.44 1.68 1.2
Swelling capacity (%) 56.1 44.4 69.5
Particle density(g/ml) 1.37 1.60 1.42
Porosity (%) 61.31 75.92 52
Packing fractio 0.39 0.24 0.48
Moisture Sorption Capacity 0.05 0.04 0.081
Source: The results of the potato starch were obtained from (18)
() INTERNATIONAL JOURNAL DF PHARMACEUTICAL SCIENCES 3439 |Page
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Figure 1. Comparison of the physicochemical properties of the extracted starches

3.3 Fourier-Transform Infrared Spectroscopy (FT-IR) Compatibility Test
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Figure 2. FT-IR Spectra of Ginger Starch
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Figure 3. FT-IR Spectra of a mixture of Ginger Starch and paracetamol
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Figure 5. FT-IR Spectra of Tiger Nut Starch.
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Figure 6. FT-IR Spectra of a mixture of Tiger Nut Starch and paracetamol powder.

From Figure 2, there exists a broad peak around
3269 cm™ which is indicative of O-H stretching
vibrations commonly associated with hydroxyl
groups in polysaccharides like starch. The peak
around 2927 cm™ is -CH, stretching vibrations
associated with methylene groups in starch
molecules. Also, the peaks 1414 cm™and 1336 cm
Lare related to C-H bending vibrations, which
further confirm the presence of aliphatic chains in
the ginger starch structure. From Figure 4, there
exists a peak around 3300 cm™- 3400 cm™ which
indicates the presence of amine (N-H) stretching
groups in paracetamol. Peaks around 1650 cm
represent the carbonyl (C=0) groups in
paracetamol. From Figure 5, there exists a broad
peak around 3200 cm™-3600 cm™ which indicates
the presence of O-H functional stretching
vibrations associated with the presence of
hydroxyl functional group in the tiger nut starch.
Also, peaks around 1150 cm?- 900 cm? are
associated with C-O stretching vibrations which is
a characteristic of glycosidic linkages in starch.
From Figure 6, the spectrum indicates that the
characteristic peaks of tiger nut starch and
paracetamol are retained. This suggests that there
was no significant interaction between the tiger
starch and the paracetamol. Also, from Figure 3,
there were no significant shifts in the peaks of
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ginger root starch and paracetamol powder,
indicating no significant interaction between the
ginger starch and the paracetamol mixture. This
suggests the two starches are compatible with the
drug and can be used in pharmaceutical
formulations.

CONCLUSION

The characterization of these non-conventional
starches compared well with standard potato starch
in physicochemical properties, despite potato
starch showing the best excipient properties
among them. Although ginger root starch has a
lower yield as compared to the yield of tiger nut
starch, it produces a good quality starch that has
excellent binding and disintegrant properties when
used in pharmaceutical solid dosage formulations
such as tablet formulations as compared to tiger
nut starch. The IR spectrum of ginger root and
tiger nut starches shows no significant interaction
between the Paracetamol and starches, which
confirms their potential use as pharmaceutical
excipient options. This study demonstrates that
ginger and tiger nut starches are promising
alternatives to conventional starch excipients with
each having distinct advantages. Ginger starch is
preferable for applications requiring rapid drug
release, while tiger nut starch is better suited for
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stable, long-lasting formulations. In high-speed
tableting, ginger starch provides a balance
between these two non-conventional starches.
Based on the outcome of this study, large-scale
cultivation of ginger crops should be encouraged,
especially in regions with favorable climatic and
soil conditions, to avoid the overdependence on
conventional starch sources, which are the major
component in many food products. To enhance
flow, future research should investigate excipient
blending or particle size modification.
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