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Abstract. Native corn starch often lacks the stability and functionality needed for modern formulations.
Here, commercial corn starch was acid-hydrolyzed using 2.2 N HCl at 35 °C for 120 h to generate nano-
enabled starch (CSNPs) and to probe how selective chain removal alters structure—property relationships.
Relative to the untreated control (CS-Control), the hydrolyzed material showed consistently lower in amylose
(14.78 — 13.61%), swelling power (17.86 — 16.58%), solubility (19.95 — 14.69%), moisture (10.95 —
8.91%), and protein/fat contents. These shifts indicate preferential cleavage of amorphous, less ordered
regions, enabling residual chains to repack via stronger hydrogen bonding. FTIR spectra retained the
characteristic starch bands without evidence of new chemistry; a slightly more bonded O—H region and a
sharper 1150— 900 cm™ fingerprint supported increased order and reduced amorphous content. Morphology
evolved from smooth granules to etched, rounded particles with surface debris (SEM), while TEM revealed
tens-to- hundreds-of-nanometers fragments that readily aggregate—consistent with DLS detecting sub-
micron to micron-scale populations. Overall, acid hydrolysis yielded a more ordered, nano-enabled starch
while highlighting an important practical point: nanoparticles are created, but without an added dispersion
step they remain partially aggregated. These insights can guide post-processing (when discrete nanoscale
behavior is required.

1 Introduction

Biobased polymers underpin sustainable materials, with
corn starch as a one of the material due to its abundance,
reproducibility, inexpensive, and broad regulatory
acceptance in food and packaging industries. Despite
these advantages, native corn starch has key limitations
low cold-water solubility, sensitivity to heat and shear,
and a tendency to retrograde which reduce its functional
stability and processing versatility [1]. These drawbacks
hinder its application in high performance products that
require thermal stability, mechanical integrity, and
functional adaptability.

A promising strategy to overcome these shortcomings
involves reducing starch to the nanoscale nanosized corn
starch (=5-300 nm) increases surface area, can shift
crystallinity toward V-type under specific treatments, and
disperses more, enhancing hydration, gelatinization, and
interfacial interactions [2], [3], [4]. These nanoscale
modifications lead to improving the corn starch tensile
strength, low water vapor permeability, and enhanced
oxygen barrier properties attributes critical for
applications such as biodegradable films and food
coatings. Moreover, nanoscale starch systems can be
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engineered for encapsulation and controlled release of
bioactive compounds, with surface modifications such as
acetylation or succinylation enhancing encapsulation
efficiency and stability[5]. The incorporation of
polyphenols and surfactants to modulate digestibility,
increase resistant starch content, and improve
nanoparticle stability[6].

Among the various fabrication methods such as
ultrasonication, nanoprecipitation, and enzymatic
treatment, acid hydrolysis remains a particularly practical
and cost-effective approach for producing starch
nanoparticles. While enzymatic hydrolysis offers high
specificity and eco-friendly processing conditions, it is
often limited by high enzyme costs, slower reaction rates,
and the need for strict control over pH and temperature to
maintain enzyme activity. In contrast, acid hydrolysis
remains the preferred industrial route for starch
nanoparticle production due to its speed, cost-
effectiveness, and ability to generate high-crystallinity
particles by rapidly eroding amorphous regions [2], [7].
Although acid treatment generates chemical waste
requiring neutralization, it is significantly more efficient
at producing the initial 'top-down' degradation needed to
isolate nanoscale crystalline platelets The technique
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selectively cleaves glycosidic bonds within the
amorphous regions of starch granules, leading to partial
degradation followed by molecular rearrangement into
nanostructured particles. While acid hydrolysis reduces
molecular weight by cleaving glycosidic bonds, it
paradoxically leads to reduced amylose and solubility [7],
[8]. This occurs because the treatment selectively
degrades amorphous regions, leaving behind highly
ordered crystalline fragments that undergo molecular
rearrangement [9], [10]. This increased structural order
and the subsequent formation of dense aggregates
significantly restrict water penetration, resulting in lower
solubility and swelling power [8], [11], [12]. Hydrolysis
temperature, acid concentration, and time shape the final
profile; in our case, 2.2 N HCI at moderate temperature for
a controlled duration balanced crystallinity, yield, and
colloidal stability [9].

Recent investigations have confirmed that acid
hydrolysis of starch can refine its morphology, functional
properties for advanced applications. For example,
nanoparticles derived from acid-modified corn starch
exhibit particle sizes around 150-250 nm with negative
zeta potentials (30 to —45 mV), suggesting good
colloidal stability [12]. Moreover, combined acid
hydrolysis and ultrasonication treatments have been
shown to improve particle uniformity and thermal
performance while preserving essential crystallinity [8].
Such physicochemical transformations directly can
improve its functionality in films, emulsions, and
nutraceutical delivery systems.

The preparation of corn starch nanoparticles (CSNPs)
using acid hydrolysis, focusing on detailed
characterization of their composition, solubility,
spectroscopic behaviour, morphology, and colloidal
properties. By systematically analyses how hydrolysis
parameters affect the physicochemical attributes of
CSNPs, this work aims to establish a foundation for
optimizing process conditions that yield nanoparticles
with desirable stability, dispersibility, and functional
performance. The resulting insights can facilitate the
application of CSNPs in high-value biobased products
such as functional foods, drug delivery systems, and
biodegradable films.

2 Materials and Methods

The study used commercial corn starch (Maizenaku)
bought from a local supermarket. Standard reagents for
starch modification and analysis were employed,
including HCI (for hydrolysis), NaOH (for
neutralization), ethanol, and analytical chemicals. The
native starch was first characterized for key
physicochemical properties moisture, protein, fat,
swelling power, solubility, amylose, and microstructure
(SEM, PSA, PDI, and surface tension).

Hydrolyzed (lintnerized) starch was then prepared
following Mohsin et al., [9] with modifications: starch was
dispersed in 2.2 N HCl at a 1:2 (w/v) ratio and incubated
at 35 °C for 120 h in ashaking water bath. After hydrolysis,
the slurry was neutralized to pH ~6.0 with 1 M NaOH,
washed with deionized water and ethanol, oven dried at 50

°C for 24 h to ~10% moisture, milled, sieved, and stored.
The resulting lintnerized starch was evaluated again for
composition (moisture, protein, fat, amylose) [13],
functional properties like swelling [14], solubility [8], and
structure using (FTIR, zeta potential, Polydispersity
Index, particle size analysis) [15], morphology SEM [16]
and TEM) [15].

3 Results and discussion

3.1 Composition and solubility

In the figure 1 shows that the acid-hydrolyzed starch
(CSNPs) has a slight reduction in amylose, from about
14.78 + 0.40% in CS-Control to 13.61 + 0.29% in CSNPs.
This is in line with the accepted view that mineral acids
degrade the less ordered, amylose-rich or amorphous
segments first, generating shorter chains that no longer
respond to the colorimetric/iodine assay as amylose.
Short-chain fragments also repack more easily, so the
material behaves less retro-gradable and less swellable.
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Fig. 1. Composition of CSNPs and CS-Control

Swelling power decreased from 17.86 £ 1.30 to 16.58
+ 0.86, and water solubility also dropped. This is a
common outcome of amorphous-first acid hydrolysis:
once the easy to hydrate domains are removed, water has
less entry points into the granule and the remaining
fractions are more densely hydrogen bonded [17] SEM
later confirmed that the granule surface was etched, while
FTIR showed a stronger, slightly red-shifted O—H band,
both of which support this interpretation. From an
application point of view, this means dimensional and
thermal stability improve (good for films/coatings and
thermal processing), but rapid, high swelling at low
temperature becomes less likely.

Moisture content also down, from 10.95 + 0.26% in
CS-Control to 8.91 + 0.63% in CSNPs. A more tight and
more ordered microstructure can hold less bulk-like
water; the water that remains is mainly surface-bound,
which is in line with the modest change still showed at
~1649 cm™ in FTIR. Lower residual moisture is
beneficial for storage stability and for downstream drying.
Finally, protein (0.29 — 0.11%) and fat (0.11 — 0.08%)
both decreased, most likely because the hydrolysis—
washing sequence stripped loosely bound non-starch
components. This cleaner composition is desirable when
the material is to be used as food-contact film, coating, or
as a carrier for bio actives [10].
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3.2 Functional groups (FTIR)

The FTIR spectra of CSNPs (Figure 2) confirm that the
2.2 N HCl treatment resulted in structural reorganization
rather than chemical derivatization, as all characteristic
starch bands were retained without the emergence of new
peaks. The primary spectral changes—a slight red-shift
and broadening of the O-H stretch (3600-3200 cm™)
alongside a stable C—H stretch (2937c¢m!) signify stronger
intermolecular  hydrogen bonding as surviving
amylopectin  chains  re-associate  into  compact
microdomains after the removal of amorphous zones [18].
This intensity redistribution without new peak formation
aligns with recent research on starch-cellulose co-
processing, which characterizes such patterns as physical
embedding and molecular rearrangement rather than the
synthesis of new chemical bonds [19], [20]

100 B

—— CS-Control

80 _/v\ —— CSNPs |

60 1

ol |

3546

v/
—/ VVoesr

Transmittance (%)

1649

20 T N b '
3509 2936 1341 o 712
04 .
T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Fig. 2. FTIR of CSNPs and Native Starch

In the fingerprint region (1150-900 cm™'), the CSNPs
exhibited a sharper profile and subtle intensity shifts in the
C-O-C and CH/CH: bending zones, indicating an
enrichment of short-range order. Specifically, an increase
in the A1047/A1022 (or A1047/A995)ratio reflects a
higher density of double-helical structures, a phenomenon
that correlates with reduced swelling and enhanced
thermal resistance in modified starches [21]. Unlike
treatments that induce distinct chemical modifications
such as biomass surfactants on coal which present entirely
new functional groups the acid treatment of starch is a
process of refining existing structures [20]. Consequently,
the FTIR data serves as a molecular explanation for the
observed functional behavior: a more ordered, re-
associated matrix that better resists water penetration and
shear disruption.

3.3 Morphology (SEM/TEM)

SEM images of figure 3b the hydrolyzed material
showed pervasive surface pitting, rounding of once-
faceted granules, and the presence of fine debris around
partially collapsed particles, in contrast to the textbook,
well-defined granules of CS-Control. This is the
morphological fingerprint of top-down acid hydrolysis of
starch: acids enter through the more disordered lamellae,
erode them, and leave behind more compact crystalline
remnants[12]. The fact that bulk properties all decreased
(solubility, swelling, moisture) is therefore fully

consistent with what it seen on the surface fewer open
pathways for water and fewer long chains available to
disentangle.

a) b) c)
Fig. 3a. SEM CS-Control, 3b. SEM CSNPs, 3c. TEM CSNPs

Morphology and Aggregation Behavior as shown in
Figure 3c, Transmission Electron Microscopy (TEM)
reveals that the 2.2 N HCIl treatment successfully
produced primary particles ranging from tens to hundreds
of nanometers. However, these nanoscale building blocks
tend to cluster into soft aggregates or flocs. This
morphological profile is consistent, where TEM confirms
the generation of nanosized objects that remain prone to
aggregation due to the inherent starch surface chemistry
and weakly negative zeta potential [17], [22]. Because the
acid treatment does not sufficiently alter the surface
charge, these nanocrystals lack the electrostatic repulsion
necessary to overcome the strong inter-particle hydrogen
bonding, a phenomenon common in both potato and
quinoa starch systems [15], [23]. Aggregation behavior
directly explains the Dynamic Light Scattering (DLS)
results, which showed a main intensity mode near 1um.
Intensity-weighted DLS is highly sensitive to larger
particles and overemphasizes even a small population of
clusters within the dispersion [22]. Consequently, while
TEM provides visual proof of the nanosized primary
particles, the DLS data reflects the actual state of the
suspension nanoscale fragments that have re-associated
into larger flocs [23]. This disparity highlights a
significant challenge in starch nanotechnology: while
hydrolysis effectively breaks down the starch matrix into
building blocks, maintaining a stable, non-aggregated
nanoscale suspension requires additional processing, such
as ultrasonication or the introduction of steric stabilizers
to disrupt these hydrogen-bonded clusters [15], [24].

3.4 Zeta potential (J), PDI(Polydispersity
Index), and particle-size distribution

As shown in Figure 4, both samples exhibited weakly
negative zeta potential values approximately -8.01mV for
CS-Control and -7.73mV for CSNPs with a marginal
narrowing of the Polydispersity Index (PDI) from 0.472
to 0.427. This indicates that while acid hydrolysis
reorganizes the polysaccharide structure, it does not
introduce new ionizable groups, resulting in minimal
surface charge modification [23], [25]. Studies emphasize
that even when hydrolysis improves wettability, zeta
potential values typically remain above the -30mV
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threshold required for electrostatic stability [26].
Consequently, the surface charge remains insufficient to
provide long-term stabilization, causing particles to
aggregate unless additional stabilization strategies are
employed [3], [27].
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Fig. 4. Zeta potential & PDI

Data in Figure 5 further confirms this behavior. The
Z-average diameter decreased from ~4.9 um to 3.8 um,,
and the large-size shoulder of the native starch nearly
disappeared, indicating that the acid treatment
successfully reduced the largest aggregates. However, the
main intensity mode remained near lpm due to the
clustering of nanoscale fragments in water [26], [27]. This
trend highlights that while hydrolysis is effective at
breaking down large clumps, it does not inherently
produce a stable nanoparticle suspension. From a
formulation perspective, achieving true nanoscale
dispersion necessitates mandatory post-processing steps,
such as pH/ionic strength adjustments to increase surface
charge, ultrasonication, or the addition of steric stabilizers
like maltodextrin or PVA [23], [27].
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Fig. 5. Particle size

Acid hydrolysis of commercial corn starch with 2.2
N HCI at 35 °C for 120 h successfully transformed
native starch (CS-Control) into a nano-enabled, more
ordered material (CSNPs). The hydrolysed starch
consistently showed lower apparent amylose (14.78 —
13.61%), lower swelling (17.86 — 16.58%), lower
solubility (19.95—14.69%), lower moisture (10.95 —
8.91%), and lower protein/fat than the control,

indicating that the acid primarily removed
amorphous/less ordered regions and allowed the
remaining chains to repack through stronger hydrogen
bonding. FTIR supported this bands typical of starch
were retained no new chemistry or bond created, but the
O-H region became slightly more bonded and the 1150—
900 cm™ fingerprint became sharper, signaling reduced
amorphous content. SEM showed etched, rounded,
debris-covered granules, and TEM confirmed the
presence of tens-hundreds of nm fragments that
aggregated, which explains why DLS still detected
submicron/micron populations the process creates nanos
but does not disperse them.

4 Conclusion.

Acid hydrolysis of commercial corn starch with 2.2 N
HCI at 35 °C for 120 h successfully transformed native
starch (CS-Control) into a nano-enabled, more ordered
material (CSNPs). The hydrolyzed starch consistently
showed lower apparent amylose (14.78 — 13.61%),
lower swelling (17.86 — 16.58%), lower solubility
(19.95—14.69%), lower moisture (10.95 — 8.91%),
and lower protein/fat than the control, indicating that the
acid primarily removed amorphous/less ordered
regions and allowed the remaining chains to repack
through stronger hydrogen bonding. FTIR supported
this bands typical of starch were retained no new
chemistry or bond created, but the O—H region became
slightly more bonded and the 1150-900 cm™ fingerprint
became sharper, signaling reduced amorphous content.
SEM showed etched, rounded, debris-covered granules,
and TEM confirmed the presence of tens-hundreds of
nm fragments that aggregated, which explains why DLS
still detected submicron/micron populations the process
creates nanos but does not disperse them. Therefore,
while acid hydrolysis is an effective method for
isolating starch nanocrystals, future applications
requiring  discrete nanoscale dispersion should
incorporate stabilization strategies, such as the addition
of steric stabilizers (e.g., surfactants or polymers) or
ultrasonic post-treatment, to prevent aggregation and
fully exploit the high surface area of the nanomaterials.
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